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Vldknotvarné polyméry

Fibre-Forming Polymers

POLYPROPYLENE MASTERBATCHES AND FIBRES
CONTAINING A NANO-TIO, ADDITIVE

Brejka O., Michlik P., Folvarcikova K.

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

The article discusses the application of a nano-TiO, additive into PP masterbatches and fibres.
The effect of different dispersion agent types and additive content on the application properties of
nano-TiO, masterbatches, which were used for fiber preparation was studied.

The mechanical and colour properties of the fibres were obtained depending on the
nano-TiO, content and type of dispergation system. In addition, the effect of a concen-
tration of an additive on the light fastness of fibres after their exposition in the Xenotest-

450, was discovered.

1. Introduction

The current situation in the development of synthetic
fibres and textile materials tends toward the prepara-
tion of intelligent materials with controlled and unique
functional properties that provide active protection and
wearing comfort even under extreme conditions.

Polymer materials modified by functional additives
allow the achievement of new products with interesting
application properties. New views for polymer modifica-
tion are offered by various nanoadditive types [1].

Organic light stabilizers with a lower or higher degree
of efficiency protect the polymer material against its
degradation by sunlight; however, they do not provide
protection to human skin from UV radiation when they
are incorporated into textile materials.

Damage from the ozone layer allows UV radiation to
negatively and without limits impact the human body
[2]. The intensity of UV radiation can be decreased
significantly by using clothing with an effective struc-
ture of textile formation and/or by using modified fibres
with barrier properties against the transmission of UV
radiation [3,4,5].

The higher ability of synthetic fibres to absorb UV
radiation in comparison with natural fibres can be
significantly improved using nanoadditives [6], either
applied as a dispersion coating {7] on the fib-e / textile’s
surface or incorporated into the mass during the fibre
preparation process.

The application of a nanoadditive recuires the appli-
cation of special technological conditions in the process
of the masterbatch’s preparation or the application
of functional dispersion agents [8]. Synthetic fibres
modified by nanoadditives show changed mechani-
cal, colouristic, and thermal properties [9,10] as well
as light fastness.

Knowledge about the processing and effect of nano-
additives on the properties of polymer materials proper-
ties allow for the preparaticn of new textile materials for
industrial and textile applicaticns.
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The research was oriented towards studying the
effect of different dispersion agent types and additive
content on the application properties of nano-TiO,
masterbatches, which were consequently used for fiber
preparation. The mechanical and colour properties of
the fibres were obtained depending on the nano-TiO,
content and type of dispergation system. in addition,
the effect of a concentrated additive concentration on
the light fastness of fibres after their exposition in the
Xenotest-450 and the effect of nano-TiO, concentration
and cooling speed on the temperature and enthalpy of
the PP fibres’ crystallinity were discovered.

2. Experimental

a) Preparation of masterbatches

Additive type: nano-TiO,, — which is characterized
in Table 1.
Polymer: polypropylene (PP), Melt Flow Ratio

(MFR) = 8-10 g/10 min
Dispersion agent:
A Liquid block co-polymer made of esthylens oxide
and propylene oxide
B LDPE powder wax
C HD PP powder wax
D Metallocene HDPE powder wax

Table 1 Characteristics of nano-TiO,-580 additive

TiO, —~ Type/Frection rutile/mir. 72 %
lnorgahic surface treatment Al,O,, SIO,, ZrO,, Sb,04

) Organic surface modifier Siloxane
Surtace property hydrophobic
Particle size 30 [nm]
Specific surface 60-72 [m?g]
%urface shape oval
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Table 2 Composition and application properties of PP masterbatches

Fibre-Forming Polymers

Masterbatch composition Properties of masterbatches
D nano-TiO, Dispersion agent Melt Fliow Rate Filterindex
[%] Type [%] [g/10 min] [MPa/kg]
28/9364 ' 5 - - 11.58 > 10.000
28/9365 ' 10 - - 11.13 > 10.000
28/9366 ' 10 A 1.5 24.36 > 10.000
28/9403 10 4.0 14.38 388
28/9405 10 C 4.0 13.16 2 505
28/9410 10 C+D 4.0+ 20 14.78 530

! Filterindex failed to be determined
Measurement conditions: Melt Flow Rate: 230°C / 2,16 kg; Filterindex: 255 'C
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Fig. 1 The effect of concentration of nano-TiO, and dispersion
system on tenacity of PP fibres 3 dtex
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Fig. 2 The effect of concentration of nano-TiO, and dispersion
system on elongation of PP fibres 3 dtex
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Fig.3 The effect of concentration of nano-TiO, and dispersion sys-

tem on brightness (L*) of PP fibres 3 dtex
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Fig. 4 The effect of concentration cf nano-TiO, and dispersion
system on blue tone (b*) of PP fibres 3 dtex
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Fig. 5 The effect of concentration of nano-TiO, and dispersion
system on whiteness index (WICIE) of PP fibres 3 dtex
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Fig. 6 The effect of concentration of nano-TiO, in PP fibres 3 dtex
on their tenacity after exposure in the Xenotest

b) Modified PP fibres:
» Conditions of fiber preparation:

Machinery TS-32/16, LOY system with the
following drawing process
Spinneret 40/0,5
Fineness of filament 3 dtex
~ Drawing ratio 1:8
Nano-TiO, additive content: 0,05; 0,1; 0,2; 0,4;
0,6 %

* The measurement of the fibres’ properties:

The properties of the PP fibres 3 dtex with a content
of nano-TiO, were measured according to the follow-
ing norms:

— An assessment of the tenacity and elongation of
the drawn PP fibres with different contents of nano-

Vidkna a textil 13 (4) 99-103 (2006)
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Fig. 7 The effect of concentration of nano-TiO, and cooling speed
on crystallinity temperature of additived PP fibres 3 dtex
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Fig. 8 The effect of concentration of nano-TiO, and cooling speed
on crystallinity enthalpy of additived PP fibres 3 dtex

TiO, additives and various dispersal agents achieved
according to the STN EN ISO 5079 norm. The results
are shown in Figs. 1--5.

— The assessed tenacity of the drawn PP fibres with
different contents of the nano-TiO, additive (master-
batch ID 28/9364) achieved according to the STN EN
ISO 5079 normaafter exposure in the Xenotest 450 are
shown in Fig. 6.

Conditions of the testing i the fibres’ light fastness

Device: Xenotest 450

Conditions: 55% R.H., T: 35 °C,

Time of fibre exposure: 500, 1000, 1500, 2000 h.

— Assessment of the crystallization temperature and
enthalpy of the PP fibres with various contents of the
nano-TiO, additive (masterbatch ID 28/9364) on the
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Table 3 Thermal characteristics of melted PP fibres with nano-TiO,

PP - \u :,.m ﬁbxe

0 Ui% nmlo ] x()

Fibre-Forming Polymers

0 1“0 1Ano- TxO

Fig. 9 The pictures of the PP fibres with the nano-TiO,-580 (Masterbatch ID 28/9364) (magnification: 400x)

additive (Masterbatch |D 28/9364)

Nano-Ti0,-580 | Melting tem- Melting
D content perature enthalpy
[%] ['Cl [k/kg]
1040/05 0 162.8 1 87.8 4.4
50/05 0.1 167.9 x1 96.0 +4.8
53/05 0.4 166.1 =1 101.0 £5.0
290/05 0.6 166.3 =1 96.7 +4.8

DSC-4 device according to the STN EN ISO 11 357-1
and STN ISO 3146 norm. The results are given in Table
3 and shown on Fig. 7-8.

¢ Evaluation of the nano-TiO, effect on the thermal
properties of the PP fibres

Conditions for measurement using DSC-4 device:

Heating phase: initial temperature: 60 °C, maximum
temperature: 220 °C, heating speed: 10 °C/min, condi-
tioning time at Tmax: 10 min.

Cooling phase: initial temperature: 220 °C, maximum
temperature: 60 °C, cooling speed: 5, 10, 20, 30, 50
°C/min, flow rate N, during measurement: 40 ml/min.

The measured thermal characteristics of the PP
fibres 3 dtex with a content of the nano-TiO, additive
are given in Table 3 and in Figs. 7-8.

¢ The pictures of the PP composite fibres with a
nano-TiO, additive made by a light microscope.

3. Discussion

The addition of the dispersion agents B, C and D had
a positive effect on the masterbatch’s flow properties
(IMFR) and the disintegration of the additives in the
masterbatch (filterindex). The lowest value of the filter-
index was detected in the nano- TiO, masterbatch with
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the content of the dispersion agent B, which suggests
the best dispersion of the additive in the masterbatch
and assumes that the processing of the masterbatch
went well.

With an increase in the nano- TiO, concentration, it
caused a decline in strength in all testing fibres. The
fibres’ strength is a reaction to the level of the addi-
tive dispersion in the fibres. The biggest decline in the
fibres’ strength was recorded at a 0.1% content of the
additive in the fibres; then the decline in the tempo was
relieved. Fibres with a 5%-masterbatch without the
dispersion agent (of ID masterbatch 28/9364) showed
only a mild decline in strength to a content of cca 0.2%;,
however, after the overrun of this limit their strength fell
rapidly. This fact is the result of the additives’ low dis-
persion. In total, within the application concentrations in
the fibres with a content of dispersion agents A and B,
this led to the lowest decline in strength and the clear-
est total decline was recorded in the fibres from the 5%
- masterbatch without a dispersion agent. The positive
effect of the dispersion agents A and B was clear in the
higher masterbatches of the additives.

A significant change in the fibres’ colour properties
(value of L* (brightness), b* (yellow-blue tone) and
Wl e (whiteness index)} occurred in the content up
to 0.05% nano- TiO, in the fibres. After the overrun of
this additive in the fibres, the parameter L* had a stable
value; the whiteness index (Wl g) fell gradually, and the
shift in shade in the blue — yellow direction expressed
by the parameter b* gradually increased, i.e., the vellow
shade deepened.

In the Xenotest all the prepared fibres were frag-
mented up to an exposition of 2,000 h.

It follows from the results that the fibres’ stability
was prolonged by 500 h at the concentration of 0.02%
nano- TiO,. With the next increase in the additive ratio,
it led to a decrease in stability towards UV radiation on
a standard level. This was caused by the low dispersion

Vidkna a textil 13 (4) 99-103 (2006)
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of the additive in the fibres and also by the insufficient
barrier properties of the fibres.

The addition of the additive to a concentration of cca
0.4% increases the temperature and enthalpy of the
crystallization and melting. After the overrun of this limit,
this led more or less to a decline in these parameters’
values. This decline is clearest in the enthalpy of the
crystallization and melting. It follows from the results
that the increase in the concentration to cca 0.4% of
the additive allows for the start of crystallization in the
higher temperatures with the lower demands for cool-
ing.

As follows from the presented results, the most suit-
able dispersion agent for the preparation of the mas-
terbatches from the presented ones is the dispersion
agent B (LDPE powdered wax). But it is necessary to
solve the additive dispersion in the masterbatch and
fibres in the future. Masterbatches with a content of
nano- TiO, — 580 with a content of dispersion agents
A (liquid block polymer made of ethylenoxide and pro-
pyleneoxide) and B (LDPE powdered wax) seem to be
the most suitable for the fibres’ preparation.

4. Conclusion

The nano-TiO, additive affects the final properties
of the masterbatches and polypropylene fibres sig-
nificantly. For successful processing into a polymeric
carrier in the masterbatch’s preparation, it is necessary
to choose a suitable type and content of a dispersion
agent and also suitable technological conditions of the
masterbatch’s production. The masterbatch must have
a suitable miscible ability with spinning polymer in a
way that the preparation of suitable types of modified
fibres will be guaranteed.

Fibre-Forming Polymers

As is obvious from the presented results, the most
suitable dispersion agent for the preparation of the
masterbatches from the presented ones is the disper-
sion agent B (LDPE powdered wax). But it is necessary
to solve the additive dispersion in the masterbatch
and in the future. Fibres with a content of nano- TiO,
showed changed mechanical, colouristic and thermal
properties. Masterbatches with a content of nano- TiO,
— 580 with the content of dispersion agents A (liquid
block polymer of ethylenoxide and propyleneoxide) and
B (LDPE powdered wax) seem to be the most suitable
for the fibres’ preparation. In the event that these modi-
fied PP fibres are intended for external exposition, it is
necessary to resolve their additional light stability which
the use of a suitable stabilisation system.
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Polypropylénové koncentraty a vidkna s obsahom
nano-TiO, aditiva

Translation of abstract:
Polypropylene masterbatches and fibres containing a nano-TiO, additive

V prispevku je spracovana téma aplikacie nano-TiO, aditive do PP koncentratev a vlékien. Bel sledovany vplyv
aplikécie réznych druhov dispergéatorov pouzitych pri vyrobe PP koncentratu s chsahom nano-TiO, na aplikainé
vlastnosti koncentratov. Boli tiez pripravené PP vlakna s obsahom spominanych koncentratov. U vldkien bol
hodnoteny vplyv koncentracie nano-TiO, a disperga¢ného systému na fyzikalno-mechanické a koloristicke
viastnosti vligkien. Okrem toho bol skimany vplyv koncentréacie aditiva nano-TiO, na svetelnu stabilitu PP viakien
po expozicii v Xenoteste.
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Fibre-Forming Polymers

COMPOSITE PP FIBRES WITH A CONDUCTIVE ADDITIVE CONTENT

Brejka O., Michlik P., FolvarCikova K., Brejkova A.

Research Institute for Man-Made Fibres, Stdrova 2, 059 21 Svit,
Slovak Republic, www.vuchv.sk, brejka@vuchv.sk

The goal of the article is to provide some new information about the application of conductive
additives into polypropylene masterbatches and fibres. As the conductive additives, Carbon Black
and non-modified Graphite were used. From the additives several masterbatches with different
additive and dispersion agent content were made. The masterbatches were used for the fiber

preparation.

The fibres’ mechanical and colour parameters were obtained. The intrinsic structure and disper-
gation in the fibres were determined by light optic microscopy and REM.

1. Introduction

Polymers modified by electrically conductive parti-
cles or polymer additives aliow the preparation of textile
formations that are able to monitor the health status
of their wearer, e.g. a human being, using methods of
signal or energy transfer.

The process of the incorporation of electrically con-
ductive polymers {polyaniline, polypyrole, polythio-
phene, etc) into synthetic fibres is a matter of great
interest for research institutes and tibre manufacturers
[1, 2]. Other progress in this area is provided by coat-
ing final fibres and/or textiles. However, preparation of
synthetic fibres with an increased content of electrically
conductive inorganic particles is more efficient.

Graphite, metal powders or special carbon black pro-
vide fibres with sufficient conductive properties as well as
with light fastness and special colour shades, and they
are usable for both indoor and outdoor activities [3].

inorganic fillers based on aluminium may be used
for the preparation of electrically conductive materials
[4]. Carbon nanctubes are also applicable for the con-
trolled modification of flow polymer properties during
their extrusion [5]. Properly modified and incorporated
carbon nanotubes may be used for the preparation of
electrically conductive textile materials intended for
sports [6, 7].
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The application of carbon black with a “high” structure
in the production of electrically conductive synthetic
fibres exhibit a particular limitation because of the nec-
essarily requested higher content of carbon black in
the fibre. Equally, their application in a masterbatch’s
production should be supported by using the proper type
and content of dispersion agent, which allows for the
elimination of an adverse affect on the flow properties of
the masterbatch as well as its dispergation in the fibre.

2. Experimental

aj Preparation of an additive masterbatch
Raw materials used:
Polymer: — Polypropylene PP, Melt Flow

Ratio (MFR) =8 — 10 g/10 min

Dispersion agent: Block co-polymer of ethylene
oxide and propylene oxide

— Carbon black (Colour Index
P. Black 7)

— Unmodified graphite

Additives:

b) Preparation of composite PP fibres:
Machinery: One-screw spinning unit TS-32/16
Preparation mode: LOY fibre with following

drawing

3 28/9417 -Carbon black (30%)+D (4%)
289844 -Carbon black (30%)+D (4%)
(1289845 -Carbon black (30%)+D (8%)
[0 28/9869 -Carbon black (30%)+D (11%)
028/9870 -Carbon black (30%)+D (11%)
0 28/9846 -Graphite (40%)+D (15%)

0 28/9847 -Graphite (240%)+D (15%)

type of PP masterbatch

— i
-

y iy 11 28/9871 -Graphite (30%)+D (15%)
,'m 289872 -Graphite (30%)+D (15%)

Fig. 1 The effect of the type and content of the electrically conductive additive and the dispersion agent on the PP masterbatch filterindex
with particular technological parameters

104
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Table 1 The composition of the PP masterbatches, the conditions of their preparation and their application properties.

Fibre-Forming Polymers

0 Masterbatch composition %] Tempeiature set rDrive loading | Melt flow rate Filterin’de‘x
Polymer Additive | Dispersion agent [C] (%] {g/10 min] [MPa/kg]
Masterbatches with carbon black
28/9417 66 30 4 80-240 65 7.4°% 144
28/9844 ' 66 30 4 70-230 69 25.1 134
28/9845 62 30 8 80-230 59 18.1 82
28/9869 59 30 11 140-230 57 37.6 40
28/9870 59 30 11 140-220 51 36.5 34
Masterbatches with non-modified graphite
28/9418 62 40 8 80-240 50 8.78 ° 46
28/9846 45 40 15 68-220 49 192.1 39
28/9847 45 40 15 68-241 52 289.8 21
28/9871 55 30 15 68-220 45 256.0 34
28/9872 55 30 15 68-205 48 256.7 46

' Heat development in heating zone T4, T5 + 27 °C, Measurement conditions: Filterindex: 255 °C, Melt Flow Rate: 280 °C/4,8 kg
% Melt Flow Rate: 250 °C/4,8 kg
* Melt Flow Rate: 230 °C/2,16 kg

Table 2 Composition, mechanical and colour properties of the PP fibres

Colour properties Mechanical preperties
D Content
L a* b* Tenacity Cvy Elongation Cve
[%] - - - [cN/dtex] [9%] [%] [%]
244 05 - 92.01 -0.42 1.06 3.04 6.81 97.62 2.6
PP fibres with unmodified graphite (40%) (masterbatch type: 28/9418)
24505 0.3 53.04 0.08 0.16 2.79 4.98 112.4 6.83
24€:05 ‘ 0.6 44.78 0.1 0.13 2.73 413 115.72 5.6
247/05 ; 1.0 39.56 0.13 0.11 2.77 6.09 116.12 6.33
248/05 “ 2.0 33.13 0.17 0.11 2.42 4.89 114.58 9.54
249/05 3.0 31.97 0.18 0.12 2.43 3.72 113.38 9.60
250/05 5.0 30.99 0.2 0.15 2.24 3.11 102.84 3.33
251/05 7.0 30.36 0.22 0.23 1.77 4.11 84.91 8.94
252/05 8.0 29.97 0.27 0.38 1.6 5.4 77.42 9.45
253/05 10.0 29.28 0.28 0.44 1.76 5.44 70.31 15.31
254/05 12.0 28.69 0.33 0.52 1.7 5.73 67.36 13.85
255/05 14.0 28.53 0.3 0.45 1.41 3.79 60.24 13.42
PP fibres comprising carbon black (30%) (masterbatch type: 28/9417)
260/05 0.3 25.9 0.54 1.74 3.1 4.13 92.67 7.08
261/05 0.6 20.33 0.06 0.35 2.76 5.16 103.26 10.00 |
262/05 1.0 18.93 -0.11 -0.11 2.82 4.3 101.67 10.94
263/05 2.0 18.66 -0.19 -0.37 2.82 3.03 102.37 8.86
264/05 3.0 18.15 -0.21 -0.33 2.77 3.21 100.85 6.86
265/05 5.0 17.8 -0.22 -0.39 2.66 4.07 97.31 12.70
266/05 7.0 17.48 -0.19 -0.35 2.62 5.38 99.92 14.56
267/05 8.0 16.81 -0.13 -0.03 2.53 4.84 93.12 13.24
268/05 10.0 16.05 -0.11 -0.05 2.52 3.85 87.94 10.13

Vidkna a textil 13 (4) 104-109 (2006)
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Fig. 6 Microscopic pictures of PP fibres with an electrically conductive additive — Unmodified GRAPHITE (40%) (ID: 28/9418) (magnification: 255x)
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Microscopic pictures of PP fibres with electri-
cally conductive additives

On Fig. 6. of the microscopic pictures, the inhomege-
neity of the graphite dispergation in the PP composite
fibres is shown.

On Fig. 7, of the microscopic pictures, the relatively
good homogeneity of the carbon black in the PP com-
posite fibres is shown.

REM pictures of PP fibres comprising electri-
cally conductive additives

On the following Fig. 8, the coarse patrticles of the
graphite can be seen on the fibres’ surface. The par-

Carbon Black 0,3%
(ID 260/05):

Carbon Black 0,6%0
(ID 261/05):

Fibre-Forming Polymers

ticles were partly smashed during the drawing and
made smaller.

On Fig. 9, the flat surface of the PP fibres is shown
despite the high content of the carbon black in the
polymer. The intermnal structure of the PP fibres is quite
homogenous compared to PP fibres with a similar
content of graphite.

3. Discussion

In this stage the research was oriented towards
verifying the possibility of preparing masterbatches and
fibres with a content of additives which are suggested
from the literature as possible conductive additives. In

Carbon Black 1%
(ID 262/05):

oo

]

undrawn fibres

.

drawn fibres

Fig. 7 Microscopic pictures of the PP fibres with the electrically conductive additive Carbon Black (30%) (ID: 28/9417) (magnification: 255x)

Graphite 0,6 %0

(ID 246/05): (ID

undravwn fibres

Graphite S99

Graphite 1099

250/05): (ID 253/08):

dravwn fibres

Fig. 8 REM pictures of PP fibres with an electrically conductive additive — Unmodified graphite (40%) {28/9418), (magnification: 660x)
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Carbon Black 0,6U0
(ID 261/08):

undravn fibres

Carbon Black S0
(D 265/08)

Fibre-Forming Polymers

Carbon Black 10%0
(ID 268/08):

drawn fibres

Fig. 8 REM pictures of PP fibres with an electrically conductive additive ~ Carbon Black (30%) (28/9417), (magnification: 660x (undrawn
fibres ID 253/05: 940x))

future stages their electrical conductivity will be veri-

tied.

The results achieved can be summarized as fol-
lows:

* Masterbaiches of conductive additives:

The preparation of the masterbatches was without
any problems; the development of heat under the ef-
fect of kneading had been determined only in samples
28/9417 and 28/9844.

it was discovered that the composition of the mas-
terbatches, the additive type and the dispersion of
the agent ratio affect the application properties of the
masterbatches in the following manner:

- The increase in the dispersion agent’s content and
also the decrease in the processing temperatures
have a positive effect on the carbon black disper-
sien in the masterbatches and consecutively on the
improvement of the application properties of the
masterbatches, which is important for the next pro-
cessing of masterbatches. With an increase in the
dispersion agent’s content and a suitable change
in the temperature set during the preparation of the
masterbatches, the disintegration of the carbon black
agglomerates improved; the filterindex declined and
the melt flow ratio rase.

- It was also determined that neither the change in
the concentrate’s composition nor modifying the
extruder temperatures have a significant effect on
the value of the graphite masterbatches’ filterindex.
The increase in the dispersion agent ratio was also
reflected in the significant increase in the melt flow
ratio. The easured application progerties of these
masterbatches assume a more complicated incor-
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poration of these masterbatches into the fibres.
¢ The modified PP fibres with a content of conductive
additives:

— Colour properties are basically changed by the ef-
fect of carbon black concentration in fibres up to cca
3% . This causes a significant decrease in L* and a
fibre shade moves from the yellow to blue area (b*
value), which corresponds with the carbon black’s
natural colouring in combination with a polymer. After
the overrun of this cca 3% limit, the fibres’ colour
properties practically do not change.

The microscopic and REM photos of these fibres
confirm a good dispersion of the carbon black in the
fibres. The surface of the drawn and undrawn fibres is
smooth and without surface defects in the peeled fibres;
the internal morphological structure of the fibres is seen
as uniform and compact. Thanks to these properties,
the mechanical properties of these fibres compared to
standard fibres are affected only a little by the presence
of the carbon black.

— In the fibres with the GRAPHITE content, the rapid
decrease in light occurred to the concentration of cca
1%, but with the next increase in the graphite con-
tent, the values were practically stable. The colour
properties of these fibres in comparison with fibres
with carbon black are not changed significantly by
the affect of the increase in the additive concentra-
tion. These fibres are a littie bit brighter and yel-
lower.

As for the mechanical properties and optical meth-
ods. there are significant changes. Graphite particles
in the fibre are in quite big agglomerates, and their
amount and size get bigger with the increase in the
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additive’s concentration. The fibres’ surface is uneven.
In the peeled fibres it is possible to see a worsening in
the equality of the internal structure with the increase in
the graphite content in the fibres. The “drawing” of the
agglomerates occurs due to the fibres’ drawing, but it is
not enough for their breakage. This negatively results
in a significant worsening of the mechanical properties,
i.e., in the rapid decrease in the fibre's tenacity and
elongation with the increase in the graphite content.

In fibres with a graphite content, it is necessary to
improve the graphite’s dispersion in the fibres, what
will probably be possible only by the use of a surface
modified, exfoliated type of graphite.

4. Conclusion

The development of fibres with a content of conduc-
tive fibres is one of the aims of the development of so
called “ smart “ materials, which are able to monitor
the health state of its bearer — a person- with a form of
signal or energy transfer. At first, it is necessary to man-
age the technology of processing potentially conductive
materials into a form which will be applicable for the
next stage of processing, e.g., such as masterbatches,
fibres, etc. And this research was devoted just to this
stage. Knowledge about these additives makes it pos-
sible to prepare a modified PP fibre with a targeted
change in their properties for their selected application
in the sector of the preparation of textiles or technical
materials. A critical task in the use of additives is the
necessity to manage their targeted disintegration in the

Fibre-Forming Polymers

process of preparation of masterbatches and intercala-
tion in the production of modified fibres.

The possibility of preparing masterbatches and fibres
with a content of conductive carbon black flows from
the results achieved. Unmodified graphite application
was shown as problematic, which becomes evident as
a result of bad graphite dispersion in fibres and conse-
quently by the worsening of the mechanical properties
of fibres.
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Kompozitné PP vidkna s obsahom vodivych aditiv

Translation of abstract:
Composite PP fibres with a conductive additive content

Prispevok sa zaobera aplikaciou vodivych aditiv do polypropylénovych koncentratov a viakien. Ako vodive
aditiva boli pouzité nemodifikovany grafit a sadze. Z aditiv bolo pripravenych niekofko koncentratov s rozdielnym

podielom aditiva a dispergatora.

Pripravené koncentraty boli aplikované do vldkien. U pripravenych vidkien boli stanovené fyzikalno-mechanické
a koloristické parametre. Vnutorna Struktura a dispergacia aditiv vo viaknach bola ziskané pomocou optickej

svetelnej mikroskopie a REM.
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Fibres and Yarns

THE EFFECT OF NANO - TiO, ON THE STRUCTURAL
AND MECHANICAL PARAMETERS OF POLYPROPYLENE
FIBRES

Michlik P., Brejka O., MarcinCin A.*, Ujhelyiova A.*

] Research Institute for Man-Made Fibres, a.s.,
Stircva 2, 059 21 Svit, Slovak Republic, e-maii : michlik@vuchv.sk

“ Slovak University of Technology in Bratislava, Faculty of Chemical and Food Technology,
Radlinského 9, 812 37 Bratislava, Slovak Republic

Fibres modified by special additives with nancdimensicns, i.e., nanoclay, nano-TiO,, conductive
metal oxides, carbon nanotubes and carbon nancfibres have improved mechanical, electrical and
barrier properties, inflammability or a new colour appearance. In this work the effect of nano-TiO,
content and fibre drawing in the continual process of preparing fibres on the basic mechanical
properties and structural parameters (birefringence, sound velocity in fibres, crystallinity index) of
polypropylene composite fibres with an individual fineness of 3 dtex is presented. The results of
the study confirm the reliable technological stability of the continual process of preparing fibres with
a nano-TiO, additive content in a range of 0.2-2.5 % and a drawing ratio in a range of 1.65-4.50.
The mechanica!l and structural parameters of the polypropylene composite fibres can be adjusted
in the above range of the additive content and drawing ratio.

1. Introduction

Synthetic fibres are found to have a widespread
application in the field of preparing textile materials,
nonwoven products and materials for technical ap-
plication in the automotive industry. The preparing of
fiores from a blend of fibre-forming polymers [1,2] or
with a content of special additives i.e., colorants, UV
stabilizers, flame retardants and antimicrobial agents
{3,4,5] enlarge fields for their application or the new
unigue properties of fibres create new possibilities for
their application.

Nanoscience and nanotechnology today strongly
support the cffering of new plastic materials and fi-
bres prepared with improved application properties
[6]. Fibres added by specially treated additives with
nanodimensions, i.e., nanoclay, nano-TiO,, conductive
metal oxides, carbon nanotubes and carbon nanofi-
bres enhance their mechanical, electrical and barrier
properties, inflammability or bring about a new colour
appearance {7,8].

in the work the effect of nano-TiO, content and fibre
drawing in a continual process for the preparing of fi-
bres on the basic mechanical properties and structural
parameters (birefringence, sound velocity in fibres,
crystallinity index) of composite polypropylene fibres
with an individual fineness of 3 dtex is presented.

The results of the study confirm the reliable techno-
logical stability of continual fibre preparation in nano-
TiO, type-P with a range of 0.2-2.5 % and in a range
of a drawing ration of . = 1.65—4.5. In the above ranges
of a nano-TiO, content and drawing ratio, it is possible
to adjust the mechanical and structural parameters of
polypropylene composite fibres.
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2. Experimental

Materials

|

isotactic polypropylene A-type (MFR = 10.8g/10 min)
-- isotactic polypropylene B-type

(MFR = 25.0 g/10 min)
— anano-TiO, P-type concentrate with a polypropy!-
ene (PP) carrier (MFR = 18.8 g/10 min,
Filterindex = 530 MPa/kg)
nano-TiO, P-type (TiO, content = 76.3 %, particle
sizes = 30 nm, specific surface = 60-72 m%/g).

|

Procedures

The preparation of PP—nano-TiO, concentrate

The concentrate of nano-TiO, with a PP carrier was
prepared on a ZDSK-28 double-screw kneading — gran-
ulating extruder with screws of a diameter of ¢ = 28
mm, with a nozzle diameter of @ = 3.9 mm using the
premix method from a mixture of powder PP (MFR =
10 ¢/10 min), nano-TiO, and a dispersant.

The preparation of the PP composite fibres

The PP composite fibres viere prepared using me-
chanical mixtures of PP granulate and a concentrate
of nano-TiO, with a PP carrier medium by the continual
procedure of spinning and drawing on a laboratory
continual line with an extruder diameter of ¢ = 16 mm,
with a one-step cold drawing and a final continual pro-
cess speed of 200 m/min, in the use of a 40/0.5 mm
spinnerette (PP A-type), or 40/0.4 mm ( PP B-type), at
a spinning temperature of 270 °C and a 0.4N constant
fibre tension during the winding.
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Methods

Mechanical properties of fibres

— STN EN ISO 1973 Textile fibres. Determination of
the fineness.

— STN ENISO 5079 Fabrics. Fibres. Determination of
the tenacity and elongation of the individual fibres
upon breaking.

— STN EN ISO 2062 Fabrics. Yarns from winding.
Determination of the tenacity and elongation of the
individual yarns upon breaking.

Structural parameters of fibres

— PND 274-37-95 The determination of the sound
velocity in fibres with a circular section.

— PND 274-36-95 The determination of the fibres’s
birefringence with a circular section using the com-
pensation method.

— PND 129-117-05 The determination of the crystal-
linity index I, of the polypropylene fibres using the
FT-IR spectroscopy method.

Application parameters of nano-TiO, concentrate

— PP 8/97 The determination of the filterability of the
additive concentrate (Filterindex).

~ STN EN ISO 1133 Plastics — the determination of the
melt flow rate (MFR) of the thermoplastics.

3. Results and discussion

3.1 The effect of the nano-TiO, (P-type) con-
tent on the mechanical properties of the com-
posite PP fibres

The effect of the nano-TiO, P-type content on the
basic mechanical properties of the PP composite fi-
bres was appreciated on the fibres of a 3 dtex fine-
ness prepared from PP polymer A-type by a continual
technological process at a constant drawing ratio of
(M A=3.0.

The results of the realized research work are that
upon the use of the A-type PP, the technological stabil-
ity of the continual preparation of the PP composite fibres
was reliable for the whole evaluated 0.6-2.5% range of
the nano-TiO, P-type content in the mass of the composite
fibre, which is practically comparable with the stability of
the non-additive standard PP fibre preparation.

Fibres and Yarns

4 [ —— . e e e i iy

y =-0,2978x” - 0,1634x + 3,5616

—_ 4 R? = 0,9667 !
x i
9 i
33 |
3 2 i
>
S 5 |
(= |
G :
|._ i
1 : : ( : %

0 0,5 1 1,5 2 2,5

Content of nano-additive [%)]

Fig. 1 The effect of the nano-TiO, content on the tenacity of the PP
composite fibres
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Fig. 2 The effect of the nano-TiO, content on the elongation of the
PP composite fibres

The tendency of the decline of the PP composite
fibre’s tenacity with the rising content of nano-TiO, in
the fibre mass was determined at an additive concen-
tration higher than 0.6%, which is emphasized by the
rising content of the additive in the PP fibre mass.

The tendency in the decline of the PP composite
fibre's elongation with the rising content of nano-TiO,
in the fibre mass was determined.

The equality of the basic mechanical properties of
the PP composite fibres is mildly lower in comparison
with the equality of the non-additive standard PP fibre
properties.

A more unigue dependency of the equality of the
fibre’'s mechanical properties on the nano-TiO, content
in the fibre was not determined.

Table 1 The effect of the nano-TiO, content on the mechanical properties of the PP composite fibres (A=3.0, PP type-A)

Nano-TiO, content Fineness CVe Tenacity CVy Elongation CVe
[%] [dtex] [%} [cN/dtex] [%] [%] [%]
0,0 2,9 0,9 3,5 4,6 55,1 7,9
0,6 2,9 0,5 3,5 7,5 52,7 10,2
1,0 3,1 1,4 3,0 6,0 49,3 10,3
1,5 2,9 1,1 2,8 7.5 48,2 8,1
2,0 3,2 0,7 1,8 8,6 42,6 12,8
2,5 3,1 1,1 1,4 11,7 38,3 5,8
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3.2 The effect of the nano- TiO, (P-type) con-
tent and drawing ratio (A) on the structural
parameters and mechanical properties of the
composite PP fibres

The effect of the P-type nano-TiO, content and
drawing ratio on the basic structural parameters and
mechanical properties of the PP 3 dtex fineness com-
posite fibres prepared from the B-type PP polymer by
the continual technological process was watched and
appreciated at the range of evaluated drawing ratios
fromA=165t0A=4.5.

From the experimental research work realized it re-
sults that upon the use of B-type PP, the technological
stability of the continuai process of the PP composite
fibres was reliable for the whole range of 0.2-2.0 % of
the P-type nano- TiO, content in the composite fibre
mass and for the whole evaluated range of the drawing
ratio of A = 1.65-4.5.

Based on the experimental results determined in
Tab. 2, Fig. 3-5, it is possible to say that a P-type nano-
TiO, and its content in a fibre mass affect the structural
parameters of drawing PP composite fibres.

With the rising A the total average orientation (bire-
fringence), the orientation of the fibre’s surface layers
(the velocity of the sound transmission) and the crystal-
linity index of the non-additive standards and composite
PP fibres in the whole evaluated range of the content of
the nano-TiO, in the composite fibre mass rises.

Fibres and Yarns

Birefringence X.1000

0 0,5 1 1,5 2
Nano-additive content [%]

Fig. 3 The effect of & and nano-TiO, content on the birefringence of
the PP composite fibres
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Fig. 4 The effect of & and nano-TiO, content on the crystalinity
index of the PP composite fibres content

Table 2 The effect of . and nano-TiO, content on the structural parameters of the PP composite fibres (PP type-B)
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Nano-TiO, content A Fibre diameter Birefringence Sound velocity, ¢ Crystallinity index, Iy
[%] [um] An. 10° [km/s] (FT-IR)
0.0 1,65 18,8 25,37 2,04 2,11
0,0 2,0 18,6 26,44 2,50 2,22
0,0 3.0 22,1 26,91 2,68 2,38
6.0 4,0 22,4 30,50 3,05 2,44
0,0 4,5 21,9 30,79 3,16 2,52
0,2 1,65 22,8 18.86 2,18 2,01
0.2 2,0 21,3 22,35 2,53 2,18

L 0,2 3.0 21,1 26,11 2,78 2,29
0,2 4.0 20,2 29,44 2,97 2,39
0,2 4,5 19,7 29,67 3,05 2,47
0.6 1,65 18,9 24,20 2,32 2,18
0,6 2,0 18,7 25,84 2,60 2,22
0.6 3.0 19,1 28,03 2,94 2,35
0,6 4,0 21.4 28,92 3,00 2,41
0,6 4,5 22,8 29,33 3,05 2,51
1,0 1,65 21,6 18,08 2,13 2,20
1,0 2.0 18,7 21,88 2,41 2,29
1,0 30 20,9 27.68 2,71 2,38
1,0 4,0 19,2 29,34 2,91 2,43
1,0 45 20,9 29,82 2,98 2,49
2,0 1,65 18,6 22,67 2,17 2,08
2,0 2,0 19,3 23,41 2,32 2,15
2,0 30 20,7 27,98 2,43 2,26
2,0 4,0 21,2 30,26 2,89 2,34
2,0 4,5 19,7 32,82 2,95 2,36
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Table 3 The effect of A and nano-TiO, content on the mechanical properties of the PP composite fibres (PP type-B)

-
[¢]

0 0,5 1 1,5 2
" Nano-additive content [%]

Fig. 5 The effect of & and nano-TiO, content on the sound velocity
in the PP composite fibres

The effect of the nano-TiO, content on the values of
the structural parameters of the PP composite fibres
observed in comparison with the nonadditive standard,
which depends on the A value in the process of fibre
drawing, was determined.

At a lower A<3.0, the tendency of the decline in
birefringence on the content of 0.2 % and the follow-
ing increase in birefringence upon a content of 0.6 %
of nano-TiO, in the fibre mass was determined. Next,
increasing the content of nano-TiO, was demonstrated
by the decline in the PP composite fibre’s birefrin-
gence. At a higher A>4.0, the effect of the nano-

Vidkna a textil 13 (4) 110-115 (2006)

Nano-TiO, content A Fineness CV¢ Tenacity | CVy Elongation CVg

(%] [dtex] (%] [cN/dtex] (%] (%) [%]
0,0 1,65 238 13 2,0 4.4 89,7 R
0,0 2,0 238 1,1 2,1 12,0 70,0 [ 232
0,0 3,0 2,9 0,9 2,6 8,0 59,2 12,1
0,0 4,0 2,9 1.2 2,9 11,5 40,0 17,8
0,0 45 3,1 1,1 3,0 12,3 38,4 | 12,9
0,2 1,65 2,9 1,0 16 5,8 94,9 | 119
0,2 2,0 2,9 16 18 6,1 77.9 I 18,6
0.2 3,0 3,1 11 2,3 11,0 63,4 22,4
0,2 4,0 3,2 0,5 2,6 7.9 41,1 11,4
0,2 45 3,2 11 2,9 11,3 40,7 12,7
0,6 1,65 2,7 0,6 2,0 2,7 87,9 | 50
0,6 2,0 2,8 0,4 2,2 3,9 76,9 I 102
0,6 3,0 2,9 13 2,7 8,0 54,9 19,8
0,6 4,0 31 0,4 3,1 9,3 42,2 16,6
0,6 4,5 3,1 0,8 3,2 10,3 34,4 12,1
1,0 1,65 2,9 0,7 1,6 35 99,4 10.5
1,0 2,0 2,9 1,1 1,9 3,6 76,8 11,3
1.0 3,0 3,1 11 2,4 5,7 53,2 13,7
1,0 4,0 3,2 1,0 2,8 9,8 41,3 6,7
1,0 4,5 3,2 0,4 3.1 6,1 39,0 12,8
2,0 1,85 2,7 1,8 1,5 5,4 94,3 55
2,0 2,0 2,9 18 1,7 9,4 65,9 14,3
2,0 3,0 3,0 2,3 2,3 8,6 51,9 11,2
2,0 4,0 3,2 0,7 2,5 6,6 39,4 9,2
2,0 4,5 3,2 0,6 3,0 7,0 37,9 L 17
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Fig. 6 The effect of & and nano-TiO, content on the tenacity of the
PP composite fibres

TiO, % on the fibre’s birefringence is not especially
significant of a content of 1.0 %, with the content of
2.2 %, a slightly higher composite fibre birefringence
was determined in comparison with the non-additive
standard.

The tendency of the decline of the crystallinity index
with a content of 0.2 % and the subsequent increase
upon a content of 0.6—1.0% of the nano-TiO, in the
composite PP fibre mass was determined in the whole
range A. The increase of nano-TiO, content upon 2.0 %
was demonstrated by the decline of the crystallinity
index.
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At alower A < 3.0, the tendency of the increase of
the velocity of the sound transmission in the fibre upon
a content of 0.2-0.6 % and the subsequent decline with
the increase of nano-TiO, content in the composite fibre
mass was determined. At a higher A 2 4.0, the effect of
the nano-TiO, on the velocity of the sound transmission
in the fibre is less significant with the demonstration of
the tendency cf a mild decline with the increasing con-
tent of nano-TiO, in the PP composite fibre mass.

This resulted from the determined experimental re-
sults (Tab. 3, Fig. 6, 7) that the P-type nano-TiO, and
its content in the fibre mass affect the basic mechanical
properties of the drawing PP composite fibres in com-
parison with the non-additive standard PP fibre.

With rising A, the tenacity rised and the elongation
of the non-additive standards and composite PP fibres
falls in the whole evaluated range of the nano-TiO,
content in the composite fibre mass.

With a content of 0.6 % nano-TiO, in the composite
fibre mass, a mild increase in tenacity to 10% was
determined in the range of A 2 2.0 in comparison with
the non-additive standard. With the other evaluated
contents, a decline in the tenacity of the composite
fibres from 5 % to 25 % was determined, which became
lower with the rising A and at the highest A = 4.5, the
tenacity of the composite fibres was practically on the
level of the non-additive standard.

The elongation of the PP composite fibres was prac-
tically comparable with the non-additive standard in
the whole evaluated range of A and the nano-TiO,
content.

The equality of the basic mechanical properties
of the PP composite fibres is practically comparable
with the equality of the properties of the non-additive
standard PP fibre.

The determined values of the tenacity characteristics
of the PP composite fibres (Fig. 6) correlate well with
the determined values of their structural parameters
(Fig. 3-5).

4. Conclusion

In the work the effect of the content of P-type nano-
additive and the degree of one--irectional deformation
A of the continual process of preparing fibres on the
basic mechanical properties and structural parameters
of birefringence, sound transmission velocity in the
fibre and crystallinity index of composite polypropylene
fibres of 3 dtex fineness were studied. Based on the
achieved experimental results, the effect of the P-type
nano-TiO, content in the PP composite fibre mass and
A on the stability of the continual process of prepa-
ration, fibre tenacity and elongation parameters, its
= argge orientation, the orientation of the fibre’s sur-
“ace layers and the crystallinity of the additive polymeric
system was evaluated.
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Fig. 7 The effect of & and nano-TiO, content on the elongation of
the PP composite fibres

it resulted from the realized research works that the
technological stability of the continual preparation of PP
composite fibres was reliable for the whole evaluated
range of 0.2-2.5% in the mass of the nano-TiO, content
in the composite fibre, which is practically comparable
with the technological stability of the preparation of the
non-additive standard PP fibre.

The tendency of the decline in the PP composite
fibres with the rising content of nano-TiO, in the fibre
mass at a additive concentration higher than 0.6% and
the decline of the PP composite fibres” elongation with
the rising content of nano-TiO, in the fibre mass was de-
termined. The equality of the PP composite fibre’s basic
mechanical properties is practically comparable with the
equality of the non-additive standard PP fibre gualities.

The P-type nano-TiO, and its content in the fibre
mass affect the structural parameters of the drawing PP
composite fibres, which correlate well with the values
of their mechanical qualities. It is possible to modify
the structural parameters and mechanical qualities of
the composite fibres in a wide range of the A process
of drawing fibres.

The reality of the encompassment of the continual
procedure of the preparation of the nano-TiO, PP com-
posite fibres at acceptable structural parameters and
the mechanical properties of the composite fibres re-
sulted from the realised research works. The obtained
experimental results create a fundamental data base
for the next phase of the research and optimalization
of the material’s composition, the technologicz; condi-
tions of the preparation, the structure and properties
of the nano-TiO,% concentrates and, consequently,
composite fibres for fabrics with a functional effect of
UV barrier protection.
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Vplyv nano-TiO, na Strukturne a mechanické parametre
polypropylénovych vlakien

Translation of abstract:
The effect of nano-TiO, on the structural and mechanical parameters of poly-
propylene fibres

Vlakna modifikované Specialnymi aditivami s nano-rozmermi, napr. nano-il, nano-TiO,, vodivé oxidy kovov,
uhlikové nano-trubky, uhlikové nano-vidkna, maju zlep&ené mechanické, elektrické a bariérové viastnosti, znizend
horlavost alebo novy farebny prejav.

V ¢lanku je prezentovany vplyv obsahu nano-TiO, a stupfa jednosmernej deforméacie kontinualnej pripravy
polypropylénovych kompozitnych vidkien jemnosti 3 dtex na ich zakladné mechanické viastnosti a Struktirne
parametre (dvojlom, rychlost Sirenia zvuku vo vlékne, index kryStalinity). Vysledky prace potvrdzuju spolahlivu
technologicku stabilitu kontinualneho procesu pripravy kompozitnych vlakien s obsahom nano-TiO, v rozsahu
0,2-2,5 % pri diziacom pomere v rozsahu A = 1,65-4,5. Strukttrne a mechanické parametre polypropylénovych
kompozitnych viakien mdzu byt regulované v uvedenych rozsahoch obsahu aditiva a diziaceho pomeru. Nano-
TiO, typu-P a jeho obsah v hmote vlakna ovplyviiuje truktirne parametre dizenych PP kompozitnych viakien,
ktoré dobre koreluju s hodnotami ich mechanickych viastnosti.
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COMPACT SPINNING - POSSIBILITIES OF IMPROVED
FIBER SPINNING-IN INTO THE YARN
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2High Technical School of Textile, Leskovac, Serbia
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The physical-mechanical properties of yarns, similar to those of other solid matter, are a functi-
on of their structure. The yarns are composed of fibers of different lengths and shapes, resulting
in yarn spirals with varying radii, forming kinks at intervals, and even projecting from the yarn's
surface. Therefore, it is not the overall length of the fiber that contributes to the yarn’s strength,

but only the spun-in part theraof.

In this work, the spinning-in coefficient, K¢, was determined for conventional and compact ring-
-spun varns, in accordance with the “theory of spun-in fibers in yarns”. The measurements have
shown that the inner structure of cotton ring-spun yarns, presented by the vaiue of the coefficient,
varies with the spinning system used. K values for compact yarns show that most of the fibers
have been incorporated into the yarn, giving better physical-mechanical characteristics. In con-
ventional ring-spun yarns, this coefficient is slightly lower, indicating a greater number of looped
fibers and fibers incorporated into the yarn with less than half their lengths.

Key words: spinning-in of fibers, conventional ring-spun yarn, compact yarn, spinning triangle.

1. Introduction

The physical-mechanical properties of yarns, similar
to those of other sclid matter, are a function of their
structure. Therefore, there are a lot of authors and
reference works describing the structure of the yarns
[1-7].

Yarn structure is a function of many factors, the most
important among them being [8]:

Fiber character as the yarn's structural component
(length, fineness, cross-section and voluminosity) and
its mechanical properties (tensile strength, stretchabil-
ity, bending ability, elasticity, etc.);

Fiber distribution, i.e., the count and layout of fi-
bers along the yarn’s cross-section (radial and square
laycut), the regularity of fiber distribution along the yarn
{axial or longitudinal) and the distribution of individual
lengths and forms of spun-in fibers within the yarn, i.e.,
a fiber’'s migration properties.

Relationship between the yarn’s structural ele-
ments, i.e. between the fibers (friction, various surface
properties, number of contact points, etc.), determined
by the spinning system, level of twisting, or subsequent
chemical processing.

The quality of ring-spun yarns is greatly affected by
the construction of the drafting system and the geom-
etry of the spinning triangle formed in the area of the
spinning-in of a refined fiber bundle into the ring-spun
yamn.

The optimization of the structure of the drafting sys-
tem, the spindle, the ring and the traveller, as well as
the automatization and synchronization of the opera-
tion of all the operational elements on the ring spinning
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frame have brought about a significant increase in the
production, better yarn quality, and greater flexibility
and profitability of yarn spinning on a ring spinning
frame.

However, all the above improvements and optimiza-
tions of the ring spinning process only partiaily relieve
the problems caused by the spinning triangle. The
spinning triangle formed by the fiber bundle between
the traveller and the drafting system delivery rolls is
the weakest point in the ring-spun yarn forming pro-
cess [9].

Based on a thorough analysis of the spinning triangle
structure, the conclusion reached was that only a suc-
cessful solution of the spinning triangle problem would
enable the production of ring-spun yarn with less hairi-
ness and better physical-mechanical properties.

A spinning process with a minimized spinning tri-
angle is called compact (condensed, compressed)
spinning (Figure 1) (10, 11].

4
-
|
%
o b'é o
.4

Fig. 1 Models of conventional and compact ring spinning processes

-
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Having in mind that the compact spinning process is
already applied in the industry and is foretold a bright
future by futurologists, the scope of this work is to study
the possibilities of a better spinning-in of the fibers into
the yarn produced by this process. The similarities and
differences in the structural, physical-mechanical and
textural characteristics between yarns spun with and
without the spinning triangle can be investigated by
comparative spinning from the same raw material on
a Suessen ring-spinning frame.

2. Theory of spun-in fibres in yarns

The study of fiber configuration has something in
common with the theory of macromolecular substanc-
es. In the way in which macromolecular substances are
comprised of macromolecules of different lengths and
shapes, yarns are also comprised of fibers of different
lengths and shapes. The fibers are distributed in spirals
with variable radii; they sometimes get entangled and
even protrude from the yarn. Therefore, the total length
of the fiber does not contribute to the yarn strength but
only the part of the fiber that has been spun in. For
this reason, the spinning-in coefficient Ke has been
introduced [12, 183].

The probabllity that a fiber will be spun-in depends on
the ratio of the fiber's elemental length, Al, and the actual
fiber's length, Iz The probability, P, of the fiber being
incorporated into the yam, can be presented as:

)
P=3T "

Based on this equation we can come to the following
conclusions:

a) If the fiber is straightened and the full length of the
fiber is spun in, then:

DAL=l P =1 (2)

b) If the full length of the fiber is outside the yarn’s
structure, then:

> AL=0, P =0 (3)

c) If part of the fiber's length is spun in and the rest
protrudes from the yarn, then:

DA<l 0<P < (4)

The probability distribution corresponds to the
Gaussian distribution because of the randomness of
the individual fibers’ spinning-in. In order to avoid the
later confusion of the probability for different types of
fiber configurations with the probability of fiber spinning-
in, the fiber spinning-in coefficient, K¢, was introduced.
The physical character of the K¢ coefficient is obtained

from: 0, AK,

S

()
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where K¢, — the fiber spun-in coefficient for the given
fiber (i), and n — the number of fibers tested.
The fiber spun-in coefficient in the yarn K, repre-
sents the relation
AL,

Ke L (6)
where AL; — the yarn length into which the fiber is spun
in (incorporated into the yarn), and L; — the length of
the straightened fiber.

Based on this the possible values of the coefficient
are within the limits:

0<Ke <1 (7)

The practical determination of the spinning-in coef-
ficient is limited by the testing methods and the time
necessary for the testing. The problem is to determine
the exact length of the fibers incorporated into the
yarn,

An approximate value of K¢ is more easily obtained
by using the projected elemental fiber length, L, instead
of the actual fiber length, Lg, whereby it is obvious that
L- > L. In the same way, we can project to the yarn axis
and the spun-in fiber length:

DL =2"AL -cosq, (8)

The spun-in fiber length can be measured by a tracer
on an enlarged photo of transparent yarn into which a
dyed fiber has been spun-in. The equation given below
shows the coefficient calculation method for the fiber
spinning for the fiber shown in Figure 2.

l‘0 _ixl

T )

K. =3 AL COLS_O“ - i‘:L_:

where AL; — part of the fiber incorporated into the yarn,
L, — part of the yarn comprising the spun-in fiber, o, — the
angle between the elemental length and the yarn axis,
x; —the yarn length wherefrom the fibers are protruding,
Lo — the total yarn length between the beginning and
the end of the fiber, L — the total fiber length.

Based on the above equations and the figure, it can
be concluded that the spinning-in coefficient is one of
the most significant characteristics of the inner yarn
structure.

L
s N
AL;
| s C
(oot oo R A = — = X Bt | e
b \
a
L; X Lj X; Lm
Lo

Fig. 2 Photo of a fiber spun into a yarn body with the data for calcu-
lating the spinning-in coefficient
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The inner yarn structure cannot be determined by
the shape and configuration of a single fiber, because
the fiber can have a random position in the yarn. The
yarn is represented as a statisticai series of more or
less randomiy configured fibers, and in order to obtain
a representative character of an “average” fiber, it is
necessary to statistically process a series of data with
a great number of measurements.

It would be very difficult to perform such a large
riumber of measurements by simultaneously taking
photographs. Therefore, for practical purposes, the
ccmparative method was introduced. Based on a large
number of measurements, the typical shapes and
derived empirical coefficients are defined. From the
mathematical definition of the K¢ coefficient (5), it fol-
lows that it can be composed of a number of partial
components: '

it n n r1n
Ke = DK =Ky 2k =K 2 (10)

where K, - the mean spinning-in coefficient for a given
class (class j), n,— the frequency of measurements for
that class.

This is analogous in a way to the polydispersibility
of macromolecules. The staple fibers, from which the
yarn is spun are polydispersive by their characteristics.
Different spinning methods contribute to different con-
figurations of fiber lengths and shapes within a yarn,
i.e., the pclydispersibility of the fibers is emphasized
by the spinning. As the polydispersibility of polymeric
substances reflects their chemical and mechanical

(.95

2|00

R ORE

71008

F

g. 3 Distribution of standard fibers for a statistical analysis of
classes O to 8 for the spinning-in coefficient Kg
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properties, so does the inner structure of a yarn affects
its mechanical properties.

The measurements of empirical standards and de-
termination of their Kg values [14] have brought about
a classification of the distribution of standard fibers
standard fibers distribution for statistical analysis with
10 classes with associated spinning-in coefficient val-
ues (Figure 3).

The mathematical and statistical approaches to
the problems of the inner yarn structure, presented
here and based on the fiber lengths utilized, enable a
comparison of the different types of yarns and facilitate
the study of the complex structure of yarns spun from
staple fibers.

In Figure 4, more information is given on the yarn's
inner structure with the frequency distribution and
cumulative frequency distribution of the spinning-in
coefficients for individual types of yarns [12].
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Fig. 4 The spinning-in coefficient distribution curves for some yarn
types. Kz-An — median spinning-in coefficient, An — relative
frequency of the spinning-in coefficient, C — combed yarn,
K —carded yarn, B — rotor-spun yarn, S — rotor-spun yarn, old
type machine

3. Experimental

3.1. Testing methods

The following methods and apparatuses were used
for testing the raw materials and experimental sam-
ples:

1. The testing of the cotton fibers was carried out on a
modern SPINLAB HVI 900A line for the classification
and quality assessment of the cotton fibers, where
the following parameters were studied:

— Fiber length, by optical method (fibrogram), giving
data on the mean length, the mean length of the
upper half of that length (UHML), and the mean
arithmetic percentage (%) of length fibers in the
cotton batch;
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— Strength, i.e., the breaking force and elonga-
tion upon breaking, by the fiber sheaf breaking
method;

— Fiber fineness, i.e., microner-values by the flow
of the air stream through a fiber sample;

— Content of impurities and micro dust;

— Color of fibers; by measuring the reflected light,
the grade of yellowness is determined in ac-
cordance with the USDA cotton classification
standard;

2. Yarn fineness, i.e., its linear density was determined
on an Uster-Autosorter 3 apparatus with the stan-
dardized data processing method for ISO 2060;

3. The yarn twist was determined by the direct counting
method (ISO 2061);

4. The yarn’s irregularity and hairiness were deter-
mined by the use of a computerized Uster Tester 3
with an additional hairiness measuring sensor;

5. The mechanical characteristics of the yarns were
determined by the use of an automatic Uster-Tenso
Jet apparatus (DIN 53384 and ICS 59.080.20).

3.2. Results and discussion

Conventional and compact ring-spun yarns were
used as the test material. All the samples were made of

Table 1 Cotton fibers used for the production of conventional and
compact ring-spun yarns

Quality indices of the Statistical indices
tested fibers X CV (%]
Fiber fineness, in microns 4.3 1.43
Fiber linear density, Tt; [dtex] 1.69 -
Fiber length, |, [mm] 29.6 1.52
Tenacity, Fr, [cN-tex'] 21.4 3.66
Elongation upon breaking, € {%] 6.5 3.37
Impurities [%] 2.12 -

Fibres and Yarns

the same raw material (Russian Class | cotton 31/32) in
order to avoid the effect of the raw material’s quality on
the quality of the tested yarns. The yarn characteristics
are givenin Table 1.

All the yarn samples were spun with the same twist
(7787") on Slessen spinning frames; the compact
was spun on a “Fiomax E1” and the conventional on a
“Fiomax 1000”, with the same type of drafting system,
traveller and ring installed [15].

For all the samples, a spindle speed of 16,000 min™’
was used, giving a good spinning process stability for
all the yarn counts.

The results of testing the physical and mechanical
properties of the conventional and compact ring-spun
yarns are given in Tables 2 and 3.

It is well-known that the strength, i.e., the break-
ing strength of the yarn is lower than the sum of the
breaking strengths of the individual fibers in the yarn's
cross-section, which is expressed by “the coefficient of
the fiber's strength utilization in the yarn” (n):

Fryam

fiber

The value of this coefficient is less than 1 (0.3 - 0.9)
and it is greater when the internal structure of the yarn
is better. Therefore, this coefficient can be of use to a
technologist as a measure for an assessment of the
yarn’s internal structure, and at the same time, an as-
sessment of the fiber processing technology procedure
(16, 17].

In his work, N. Rohlena [12] has determined the
inter-dependence of the yarn’s inner structure and its
mechanical properties.

In Figure 5, the correlation between the fiber's spin-
ning-in coefficient and the fiber's strength utilization
coefficient, which is chosen to represent the mechani-
cal properties of the yarn, is shown. The correlation
coefficient between these two values is 0.97+0.02,

Table 2 Physical and mechanical properties of the gonventional ring-spun yarns

Yarn mark
Yarn parameters
I [ Iy I Ig
Linear density, Tt [tex] 17 19 21 23 25
) Fa [cN] 212.2 261.1 302.0 345.5 388.0
Breaking force
CV [%] 8.95 9.34 10.15 11.00 10.28
) Fr [cNtex '] 12.48 13.74 14.38 15.02 15.52
Tenacity
CV (%] 8.95 9.34 10.15 11.00 10.28
g, [% 5.13 5.27 5.56 5.65 5.98
Elongation at break » 1%] .
CV [%] 7.65 9.69 8.97 9.63 8.58
, A [cN-cm) 360.2 394.5 436.3 451.6 493.8
Breaking work
CV (%] 15.24 14.12 13.98 14.32 15.06
Irregularity “Uster”, Um {%)] 13.04 12.81 12.73 12.48 12.05
Thin places (-50%), {km™'] 4 1 2 0 2
Thick places (+50%), {km™] 45 37 39 33 36
Neps (+280%), [km™'] 115 102 96 107 112
Hairiness, H [—] 3.59 4.12 4.34 4.57 4.83

Vldkna a textil 13 (4) 116-123 (2006)
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Table 3 Physical and mechanical properties of the compact ring-spun yarns

Yarn mark
Yarn parameters
il 1A Il Il s
Linear density, Tt [tex] 17 19 21 23 25
Breaking force Fa [cN] 254.2 311.6 362.5 414.9 458.5
CV (%] 9.02 8.84 7.50 9.92 9.30
’ Fr {cN-tex™] 14.95 16.40 17.26 18.04 18.34
Tenacity
’ CV (%] 9.92 8.84 7.50 9.92 9.30
Elongation upon breaking £, (%] 5.21 5.39 5.61 5.80 6.02
CV (%] 7.90 8.50 9.80 7.52 9.32
, A [cN-cm] 434.7 456.4 483.1 511.9 542.6
Breaking work
CV %) 15.32 14.24 12.58 13.83 14.03
Irregularity “Uster”, Um (%] 12.91 12.73 12.42 12.10 11.80
Thin places (-50%), [km™'] 2 0 1 0 0
Thick places (+50%), [km™) 39 34 29 28 30
Neps (+280%), {km™'] 107 95 74 92 86
Hairiness, H |-} 3.21 3.46 3.80 4.03 4.12
o and vice versa, whereby on the basis of the fiber's
2 known strength utilization coefficient in the yarn, the
) fiber's spinning-in coefficient can be calculated:
i \
~ T = 097 002 Ke = 1.1381 + 0.007 (14)
/ Figures 6 and 7 show the relation of these two co-
/4 efficients (n, K¢), calculated for the conventional and
| / compact ring-spun yarns by the use of equations 11
00 ‘[ 1 and 14.
p Kp=f (M) As shown in the histograms and these figures, both
/ coefficients (n, Kg) increase with an increase of the
os / ring-spun yarns’ linear density. Comparing the values
. / obtained for conventional and compact ring-spun yarns,
/ it can be seen that the values are higher for compact
/ yarns than for conventional ones. The measurements
0.4 /,//{ show that the inner structure of the cotton ring-spun
i nl 080K 20022 yarn, expressed by the fiber spinning-in coefficient
- SR Ke, changes when the spinning system is changed.
4 The distribution of K values for the compact yarns
03 - o - e d shows that the prevailing part of the fibers is spun into

K

Fig. 5 Correlation between Krand n for Russian cotton, Classes
tand !l

and it proves that the yarn strength depends to a great
extent on the inner structure of the yarn.

From the known fiber spinning-in coefficient in yarn
for cotton yarns, the fiber's strength utilization coef-
ficient is calculated by the regression equation given
below:

n = 0.83-Kg + 0.022 (12)

on the basis of which the yarn's strength can be cai-
culated as follows:

Fr, = Fr-(0.83K: + 0.022) (13)
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the yarn, while with the conventional yarns, there are

n 091

0,8 '/ z

0.7+ F :

0,6 _/ ,f

0,5 1

0,4 1 : ‘ -

0.3 |5

17 19 21 23 25
Tt (tex)

O Conventional 10,583 10,642 |0,67210,702 10,725
O Compact 0,698 (0,766 10,806 10,843 10,857

Fig. 6 The ratio of a fiber’s strength utilization coefficient in the yarn
(n), for conventional and compact ring-spun yarns
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Kf
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0,6 1
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0,671
0,801

0,737
0,879

0,772
0,924

0,806
0,966

0,832
0,982

O Conventional

O Compact

Fig. 7 The ratio of the fiber's spinning-in coefficient in the yarn (K¢),
for conventional and compact ring-spun yarns

more loops and more fibers that are incorporated into
the yarn with less than half their length. Upon seeing
that these two coefficients are correlated, this affects
the physical and mechanical properties of the tested
ring-spun yamns, as shown in Figures 8-11.

As seen from the distribution of the experimentally
obtained values, all the parameters defining the me-
chanical properties of the yarn depend on both the
yarn’s linear density, i.e., the number of fibers in the
yarn cross-section, and on the spinning system. Thanks
to the compact spinning process, an almost ideal ar-
rangement of the fibers in the yarn is achieved, which
contributes to a better spinning-in of the fibers and the
incorporation of their full length in the yarn’s strength.

The measurements of uniformity and hairiness of the
conventional and compact ring-spun yarns has con-
firmed that the compact yarns have a very good unifor-
mity and extremely low hairiness. The drafting system’s
structure and the geometry of the spinning triangle
occurring at the point of the fibers’s spinning-in into the
ring-spun yarn contribute to obtaining yarns with better
uniformity and significantly lower primary and second-
ary hairiness [9]. This is readily seen when comparing
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Fig. 8 The yarn tenacity as dependent on the yarn’s linear density
and the spinning system
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Fig. 9 The yarn's breaking elongation as dependent on the yarn's
linear density and the spinning system
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Fig. 10 Yarn irregularity as dependent on the yarn’s linear density
and the spinning system

the lengthwise surface appearance of the conventional
and compact ring-spun yarns (Figure 12).
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Fig. 11 Yarn hairiness as depending on the yarn’s linear density
and the spinning system
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Fig. 12 Surface lengthwise appearance of conventicnal (a) and
compact (b) ring-spun yarns

Fig. 13 Surface appearance of fabrics made of conventional (a)
and compact (b) ring-spun yarns

The lower interweaving of the protruding fibers on the
surface of fabrics made of compact yarns enables more
explicit and sharper contours, which is especially impor-
tant in Jacquard-woven and printed fabrics (Figure 13).

Generally, the hairiness of the ring-spun yarns in-
creases with the increase in their linear density, i.e.,
the number of fibers in the yarn’s cross-section. This
is explained by the fact that the increased number of
fibers in the yarn’s cross-section means an increased
number of iibers in the length unit (meter) of the yarn,
so that the number of protruding fibers is higher.

4. Conclusions

¢ Production of compact yarn significantly improves
the inner structure of ring-spun yarns. The measure-
ments have shown that the inner structure of com-
pact ring-spun yarns, expressed by the spinning-in
coeflicient (Kg), varies depending on the spinning
system used. K values for compact yarns show that
the majority of fibers have been spun in the yarn,
which is reflected in better physical and mechanical
properties. In conventional yarns, this coefficient is
slightly lower, indicating the presence of a greater
number of looped fibers and fibers incorporated in
the yarn with less than half of their overall length.

o Compact yarns have a higher relative breaking force
by 15 to 20 % than conventional yarns, nearly the
same breaking elongation, and by 10 to 15%, higher
breaking work.

» Due to the change in the spinning geometry in the
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production of compact yarns on the spinning ma-
chines, the number of yarn breaks is reduced up to
60%.

+ Compact yarns have a smoother surface, greater
elasticity and a softer feel, due to the almost ideal
arrangement of all the fibers in the yarn’s structure.

¢ |f higher yarn breaking force values are required for
a given textile product, then compact yarns with a
10 to 20% lower twist can be used for the purpose.

¢ In the future, numerous woven and knitwear fabrics
can be made of compact carded cotton yarn instead
of combed cotton yarn.

o Due to the very low hairiness of compact yarn, there
is no need for singeing.

¢ In the warp sizing process, up to 50% of the starch
can be saved if compact yarns are used, and in scme
cases, sizing is not necessary.

e The lower interweave of the protruding fibers on
the surface of fabrics made of compact yarns en-
ables more explicit and sharper contours, which is
especially important in Jacquard-woven and printed
fabrics.
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Kompaktné usporiadanie — moznosti zlepSenia spriadania
vlakien do priadze

Translation of abstract:
Compact spinning — possibilities of improved fiber spinning-in into the yarn

Fyzikalno — mechanické vlastnosti priadzi, podobne ako inych pevnych latok su funkciou ich Struktary. Priadze
sl zlozené z viakien réznej dizky a tvaru ¢o vyUstuje do piralovej formy priadze s meniacim sa polomerom, tvoria
slu¢ky a prejavuju sa na povrchu priadze. K pevnosti priadze teda prispieva nie celkova dizka viakien, ale len ta,
ktora je zakomponovana do priadze. V tejto praci bol stanoveny koeficient zakomponovania K pre konvencéné
a kompaktné rotorové priadze. Merania ukéazali, Ze vnutorna Struktdra bavinenej priadze, predstavovana hodnotou
koeficientu, sa meni podla pouZitého spriadacieho systému. K¢ hodnota pre kompaktné priadze ukazuje, Ze
vacsina vidkien bola zakomponovana do priadze a tieto priadze maju lepSie fyzikaino-mechanické charakteris-
tiky. Pre konventné rotorové priadze je tento koeficient mierne niz&i a ukazuje na vacsi poCet vlakien tvoriacich
slucky a vlakien zaglenenych do priadze menej ako polovicu ich dizky.
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ZDRAVOTNA A HYGIENICKA BEZPECNOST PRI VYROBE
A UZIVANI TEXTILNYCH VYROBKOV

Szokolayova, J., Uhnak, J., Pieckova, E.

Slovenskd zdravetnicka univerzita, Limbovéa 12, 833 03 Bratislava 37
e-mail: jana.szokolayova@szu.sk

Autori popisuju kritéria na zabezpecenie zdravotnej a hygienickej bezpeénosti textilnych vyrobkov
minimalizaciou rezidui xenobiotik. Za tym (idelom sa konfrontuji moZnosti ziskavania vysiedkov
z akltne) a chronickej toxicity v pokusoch na zvieratach, ako aj z epidemiologickych §tudii u fudi po
perkutannom privode Iatok. Popisuje sa tiez moZnost ziskat vysledky pre toxikologické posudzovania
z potitacovych modelov QSAR. V ¢lanku sa komentuje tiez vyznam risk assessmentu z hladiska
minimalizacie rizika z rezidui xenobiotik a inych chemickych iatok. U ekologickych kontaminantov
sa odhaduje rniziko z reziduf kovov, chlérovanych pesticidov, inych biocidov a formaldehydu z hla-
diska rizikovosti pre Cloveka cestou textilii tak pri ich vyrobe ako aj uzivani. V ramci kontaminantov
sa hodnotl aj moZné hygienické riziko z toxinogénnych mikroskopickych viaknitych hib pri vyrobe
v pradnom prostredi. Pre uZivatelov a vyrobcu mozno hodnotit metabolity mikroskopickych viék-
nitych hib, mykotoxinov, najma aflatoxin B, ako nebezpecenstvo.

1. Uvod

Ak hovorime o zdravotnej bezpecnosti textil-
nych vyrobkov, myslime v prvom rade na chemickd
bezpelnost, teda na bezpecnost chemickych latok
{(xencbiotik) vratane aj takych, ktoré s produkované
mikroorganizmami.

V sicasnosti je znamych viac ako 11 miliénov
chemickych latok, 60-70 tisic z nich sa pravidelne
pouziva v domacnostiach, priemysle a inych odvet-
viach fudskej cinnosti [1]. Existujuce chemicke latky
kodované v EINEX-e [2] tvoria v Eurdpe viac ako 90
% celkového objemu v8etkych latok na trhu. Suéasny
pocet existujucich latok na trhu vyrédbanych v objemoch
nad 1 tonu odhaduji na 30 000. Priblizne 140 z nich
vybrali ako prioritné latky, ktoré su predmetom kom-
plexného posudenia.

Popri chemickych latkach mikroskopické viaknité
huby (plesne) chrozuju zdravie ¢loveka v Zivotnom
prostredi ako pdvodcovia mykoz — infekénych ochoreni
vyvolanych hubami, u geneticky disponovanych jedin-
cov ako vyznamné alergény a ako producenti toxickych
sekundarnych metabolitov — mykotoxinov, spdsobu-
jucich mykotoxikozy a niektoré druhy rakoviny. Okrem
spominanych mykotoxinov sa na nich pravdepodobne
podielaju aj prchavé organické latky produkované hu-
bami (sp&sobuju znamy neprijemny zapach plesnivych
materialov).

Testovanie a hodnotenie rizika z chemickych latok
pre ludské zdravie a prostredie pred uvedenim na trh
sa vyzaduje podla Smernice Rady 67/548/EE [3] pri
objemoch nad 10 kg. Pri vy&Sich objemoch sa vyZaduje
aj posudenie chronickych Géinkov.

V ostatnych rokoch vstupila do popredia, aj v textil-
nom priemysle problematika hodnotenia kvality vidkien
a textilnych produktov. Zatial mé tradiciu a velmi dobr
legislativnu bazu hodnotenie z hladiska ekologickych
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kritérii [4]. Osobitny vyznam z tohto hladiska ma leg-
islativa EU, ktora ustanovuje ekologické kritéria pre
udelenie eko-etikety (eko-labelling) [5], Spoloenstva
pre textilné vyrobky. Tieto sa tykaju problémov energie
a spotreby vody, charakteru ,textiiného retazca“, hod-
notenia EIA (environmental impact assessment), spra-
covania vlakien, hodnotenia mody, kritérii tykajlcich
sa hotového produktu,“finishing", technického rozvoja
textilného priemyslu a vylucenia uritych substancii
alebo procesov.

Hlavne procesy v textilnej technolégii z hladiska
potreby hodnotenia rizika vyZaduju v ramci procesov
odstrafiovania prirodnych a ostatnych znecistenin viak-
na a tkaniny kupele, ktoré obsahuju zvycajne zasady,
antistatické latky, lubrikanty, detergenty a emulgatory.
Dalej na zvysenie tahovej sily, afinity farbiv, odolnost
na abraziu atd. u bavinenych produktov sa tkanina
impregnuie roztokom hydroxidu sodného. Pri bieleni
sa pouZzivaju roztoky, ktoré obsahuju peroxid vodika,
oxidy chléru, peroxoboritan sodny atd. Farbenie zase
vyZaduje farbiva, (nim sa budeme venovat v dalSom
glanku) fixagné latky. Daldie funkéné Upravy su napr.
retardéry horenia, repelenty vody, biocidy atd.

Uvedené faktory maju vyznam aj pre ochranu zdra-
via Cloveka, ktory je exponovany v textilnych produk-
toch mnohym chermickym latkam a pripravkom s velmi
rozdielnymi toxikologickymi charakteristikami.

2. Potencialne riziko vyplyvajuce
z ekologickych kontaminacii v textiliach na
zdravie Cloveka

Odhad rizika

Z environmentalneho hladiska je ddlezité sledovat
biologicku degradaciu pouZivanych latok v textilnom
priemysle [5]. Rovnako je dbleZité rizikovost pochadza-
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juca zo vznikajucich zluCenin pri spafovani odpadovych
latok z textilného priemyslu. Textiiny priemysel mbzZe
kontaminovaf aj vody najméa povrchovo aktivnymi
latkami, formaldehydom, polymérmi, rozpustadlami
a inymi chemickymi latkami pochadzajucimi z vyroby
odevnych, ale aj bytovych textiiii.

Vsetky tieto rizika sa hodnotia prevazne ekologicky
(Ekoprofilling). Verejné zdravotnictvo ako lekarsky
odbor sa zameriava na Skodlivy uéinok, teda na
akutnu a chronickt toxicitu latok na Cloveka, ale aj
na moZznosti minimalizacie rizik z pohfadu zdravotne;
bezpelnosti celej populacie. Z uvedeného vyplyva
potreba vypracovat systémovy pristup pre odhad rizika
(risk assessment), ktory pozostava z tychto stupfiov
¢innosti [6-71:

- identifikacia nebezpelenstva, ktora sa opiera

o tradi¢neé Studium toxicity na experimentalnych
zvieratach

— charakterizacia nebezpelenstva, ktora sa zame-

riava na zistenie odpovede na prislusna davku

Identifikaciu a charakterizaciu nebezpecenstva
mozno chapat ako posudenie Uginku latky, ¢o potom
vyusti do charakterizécie rizika, ktoréa je zakladom pre
manazment (ovladanie) rizika vratane aj legislativnych
opatren.

Akutna a chronicka toxicita skumana v ramci iden-
tifikacii nebezpecenstva v pokusoch na zvieratach
zistuje iba inherentnu vlastnost latky voci biologickému
médiu a poskytuje podklady pre minimalizaciu rizika
az charakterizaciu a manazment rizika. Za zdravotne
bezpelnu moZno prehlasit latku iba ak sa odhad rizika
Studoval u nej v jej reainej aplikacii v danom privode do
organizmu v danom prostredi, v danom mnoZstve (kon-
centracii) ako aj dizke a frekvencii expozicie ¢loveka.

Vzhladom na v8eobecnu tendenciu vyhnut sa tes-
tovaniu na pokusnych zvieratach, resp. redukovat pocet
toxikologickych testov na zvieratach, presadzuju sa
novsie pocitacové modely QSAR (Quantitative Struc-
ture Activity Relationship). Tieto Studuju vztah medzi
chemickou Struktdrou a biologickou aktivitou latky
a snaZia sa predpovedat, s akou pravdepodobnostou
sa mdzu zhodovat vysledky s hodnotami ziskanymi
v toxikologickych testoch.

Z hladiska Studia rizika v textilnom priemysle urcita lat-
ka pre pracovnikov vo vyrobe mbze Skodif tak inhalacne
ako perkutanne (kozouy). Pre uzivatelov textilnych vyrob-
kov vysoko previada potreba zabezpecit zdravotnu
bezpecnost z hladiska perkutanneho privodu, preto sme
v nasej publikacii vytvorili tazisko v tejto oblasti.

Prenikanie cez pokozku

Funkcie pokozky poskytuju ako bariéra medzi telom
a jeho zlozkami (fyzikéine, chemické a biologické pros-
tredie) ochranu organizmu. Hoci tieto viastnosti bariéry
su velmi Uc¢inné, pokoZka je vstupom a zranitelnym
ter€om pre mnoh# chemické latky.

Vidkna a textil 13 (4) 124-131 (2006)
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Vstrebavanie pokoZkou z toxikologického hfadiska
koZna a systémova toxicita expozicie chemickym lat-
kam zavis{ od stupfia ich prenikania cez pokozku.

Neposkodené koZa zabraruje vstrebavaniu vo vode
rozpustnych toxickych latok, predovsetkym anorganick-
ych elektrolytov, vysokomolekularnych latok a Castic.
Tato viastnost je dana Struktirou koZe, jej regeneracnou
schopnostou, schopnostou odpudzovat vodu, integritou
koZe a jej metabolizmom. KoZa v8ak nebrani vstrebava-
niu v tukoch rozpustnych latok. Lokalna reakcia koze
(podrazdenost, zapal, olupovanie) po aplikacii niek-
torych kovov stazuje Studium rychlosti vstrebavania.
Ako kanaly pre vstrebavanie v tukoch rozpustnych
latok mézu sluzit vyvody mazovych a folikularnych
Zliazok. Latka mdze byt Ciastolne transportovana aj
cez pokozku. Rozsah vstrebavania zavisi od fyzikalno-
chemickych vlastnosti latky (velkosti molekuly, rozpust-
nosti vo vode a v tukoch, stupna ionizacie, hydrolyzy
toxickej latky pri pH pokozky) a od lokalnych faktorov
(teploty koZe, krvného zasobovania, integrity koZe).

KoZa brani vstupu toxickych latok do organizmu
v réznom rozsahu u réznych Zivo&iSnych druhov.
Aplikacia organickych rozpustadiel alebo detergen-
tov na koZu zvySuje jej priepustnost pre iony kovov.
Napr. organické i anorganicke zltceniny kovov, ktoré
vstrebavané pokozkou. Vstrebavanie koZou sa pred-
poklada alebo bolo potvrdene pre kovovl ortut ako aj
jej organické a anorganické ziuceniny, dalej zluceniny
zinku, medi, zlata, berylia, talia, arzénu, kobaltu a niklu.
Dobre sa kozZou vstrebava tiez tetraetylolovo.

PokoZka reaguje na expoziciu chemikaliam rozlicnym
spbsobom. Zmeny sa opisujl a klasifikuju najma na
baze morfologickych zmien, tab.1. Tieto odpovede su
zvacsa nespecifické, pretoZe rozdielne chemické latky
mozZu spdsobit podobne chorobné zmeny.

DraZdiva kontaktna dermatitida sa prejavuje ako pri-
amy, miestny a toxicky tc¢inok a zahrnuje imunologické
mechanizmy. Je zvylajne lokalizovana na miesto
expozicie. Vyskytuje sa od mierneho zacervenania
pokoZky, aZ po tazSie zmeny. Va¢sinu chemickych
latok tvori skupina relativne siabych drazdidiel, tora
vyZaduje opakovany, dlh§i kontakt, kym st zmeny
viditelné.

Tab. 1 Nepriaznivé reakcie pokoZky na chemickeé latky

Kontaktna dermatitida Fotosenzitivita

drézdiva fototoxické reakcie

alergicka fotoalergické reakcie
Iné poruchy

olejové akné Kontaktna urtikaria

chlorakné

Poruchy pigmentacie
hyperpigmentacia
hypopigmentécia

Rakovina pokozky
rbzna druhy
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Tab. 2 Chemicke latky, ktoré sa beZne spaiaju s vyskytom drazdivych a alergickych dermatitid

Latky sposobujice drazdiva dermatitidu

Latky sposobujtice alergicku reakciu

anorganické a organicke

Rozrpistadia Kovy
aixoholy nikel a jeho soli
xetony sofi chromu
chidrované uhiovodiky soli kobaltu
ostatné organické ziiceniny oriuti
Zasady o Y .
o o Pentaerytrol triakrylat a iné funkéné akrylaty
anorganické a crganické
Soli xovov Aditiva do gumy
Kyseliny

Etyléndiamin. hexametyléntetramin a iné alifatické aminy

Myaia

Metylmetakrylat a iné akrylové monoméry

™ m s N
Cetargenty

Formaldehyd

Kriiéria pre hodnotenie drazdenia a senzibilizacie
pokoZky z ucinku novycn a existujlcich latok sa nach-
adzajl v materidloch Europskej komisie [7].

Prakticky kazda chemicka latka moze mat priame
dgrazdivé ucinky na pokozZku. Chemicke latky, ktoré
sa bezne spajaju s drazdivou a alergickou dermatiti-
dou su v tab. 2. Mnohi fudia sU exponovani viace-
rvm chemikaliam. Ked sa vyskytne zapal pokozky, jej
bariérova funkcia je posSkodena a pokoZka sa stava
vnimavejSou na drazdenie.

Alergicka kontaktna dermatitida sa vyvija formou
zapalu ako imunologicka reakcia na chemicku latku
a je expresiou oneskorenej hypersenzitivity sprostred-
kovanej bunkami. Obraz uvedenych zmien sa vytvara
v niekolkych stupfioch, ktoré st v lekéarstve dobre cha-
rakterizované a nie je petrebné ich tu blizSie uvadzat.

Vyvoj alergickej kontaktnej dermatitidy ma ¢asovu
naslednost. Najprv je interval, po€as ktorého prebieha
kontakt s potencialnym alergénom bez znamok senzi-
bilizacie, tento interval sa nazyva refraktérnym obdobim
a trva niekolko dni alebo aj dihSie. Po tomto nasleduje
inkubacné (latentné) obdobie, poCas ktorého sa vyvija
senzibilizacia. Tento proces mdZe trvat od Styroch dni
do viacerych tyzdnov. Po kompletizacii koznej sen-
zibilizacie opatovna expozicia senzibilizujticej latke
aj v malych mnozZstvach vyvolava prudkul kontaktnu
dermatitidu poCas 48-72 hodin {reakény &as). Toto
je bazou pre diagnosticky koZzny test, naplastovy test
(,patch test") pre alergickt kontaktni dermatitidu. Jej

Tab. 3 Chemicke latky spajané s fototoxicitou a fotoalergiou

pri¢iny sU mnohoraké, tab. 2 a patria sem napr. aj Zivice
a farbiva v textilnych produktoch.

Olejova a chlorova akné (vyrazky) vzniknu pri kon-
takte s lubrikagnymi olejmi na pokozke u profesionélne
exponovanych ludi. Chlérakné je zdvazna choroba,
ktord spbsobuje expozicia rozliénym chlérovanym ale-
bo brémcvanym aromatickym zliéeninam (napr. halo-
génované naftalény, difenyly, azoxybenzény a dioxiny).
Prejavuje sa mnohymi vyrazkami a Zitymi cystami na
réznych miestach pokozky.

Poruchy pigmentu spbsobuju chemické latky, ktoré
mo&zu modifikovat farbu pokoZzky jej starbenim alebo
zmenou farby. Sfarbenie pokozky sa vyskytne vtedy,
ked sa farby naviaZzu na keratin v zrohovatenej vrstve
pokozky (tyka sa to napr. anilinovych farieb, trinitro-
toluénu a medi).

Fotosenzitivita je zranitelnost na ucinky uréitych
exogénnych chemikalil v koZi, ktora sa prejavuje foto-
toxicitou alebo fotoalergiou, tab.3.

Porfyria patri medzi ziskané choroby, ktoré vznikaju
nésledkom poruchy enzymovych systémov kataly-
zujucich metabolizmus pyrolovych latok. Ochorenie
charakterizuju najma kozné priznaky, zacervenanie,
ekzem, velke vyrazky, fotosenzitivita, hyperpigmen-
tacia a nadmerny rast vlasov pri¢om mozu vzniknut aj
poruchy funkcie peCene. Suvisi s expoziciou organick-
ym chlérovanym zlu¢eninam, najddleZitejSie z nich su
pesticid hexachldérbenzén (HCB) a dioxiny.

Kontaktna urtikaria mdze vzniknut zvycajne z vdy-

Fototoxické reakcie

Fotoalergické reakcie

polyaromatické uhlovodiky

asfalt, antracén, akridin, fenantrén atd.
farbiva a fotografické chemikalie
amyl-o-dimetylaminobezocva kyselina

Halogénovane salicylanilidy a pribuzne fatky
4,6-dichlortenylfenol
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chovania aiergénneho materialu, spaja sa s vysky-
tom oneskorenej dermatitidy, prieduskovou astmou,
priznakmi svrbenia a palenia. Lokalizovana urtikaria
sa mbze vyskytnut pri absorbcii rozlicnych chemickych
latok.

Je zname, Ze ludska pokozka je ,vnimava“ aj na
vyskyt rakoviry z G€inku chemickych latok. KoZa hlo-
davcov (najma mysi) je vhodnym modelom pre vyskum
experimentalnej karcinogenézy.

Zo skupiny karcinogénov zaujima osobitné postave-
nie benzo(a)-pyrén, polycyklicky aromaticky uhlovodik,
vznikajuci pri spalovani v dyme. Jeho metabolity
reaguju s bunkovou DNA, RNA a bielkovinami. Popri
polycyklickych aromatickych uhlovodikoch vykazuju
koznu rakovinu u hlodavcov aj N-nitrdzoaminy, N-nitro-
zoamidy, aromatické aminy, alkylacné zluceniny ako aj
niektoré mykotoxiny [8].

Prevencia koZnych chordb spdsobenych chemickymi
latkami zavisi najma od eliminacie kontaktu éloveka
s drazdivymi, senzibilizujicimi, karcinogénnymi a de-
pigmentujucimi latkami. Zabezpecit to mozno v pro-
gramoch vychovy a informacii obyvatelstva o Ucinkoch
chemickych latok na ludsky organizmus. Osobitny
vyznam ma kontrola celého zivotneho cyklu pridavnych
a kontaminujucich chemickych latok, profesionalnej
a neprofesionalnej expozicie, v nasom pripade textil-
nym vlaknam a produktom.

3. Prehlad toxickych uc¢inkov vybranych
ekologickych kontaminantov délezitych
z hladiska textilii.

Rezidua kovov

Z kovov mbze prichadzat do Uvahy ortut, ktora
sa mdze dostat do textilii ako zneclistenina surovin
alebo farbiv. Vyzaduje sa hodnotenie jej obsahu aj
pre certifikaciu vyrobkov. V organizme sa elemen-
tarna forma meni na dvojmocnu formu. Metylortut
sa mbze demetylovat pdsobenim Erevnej mikrofléry.
U Cloveka pri chronickej expozicii sa ortut prv v tele hro-
madi, potom nastane rovnovaha medzi vstrebavanim
a vyluCovanim. Pri chronickej expozicii je kritickym
Organom mozog.

Pre olovo plati to isté ako pre ortuti z hlladiska privo-
du do textilii a rovnako sa sleduje jeho obsah pri certi-
fik4cii vyrobkov. Vstrebava sa do organizmu plicami
a Ciastocne aj traviacim systémom. Jeho obsah je vZdy
sledovany vo farbivach.

Kadmium sa dostava do textilnych vyrobkov cestou
plastov alebo farbiv. Vzhladom na riziko z karcinogenity
najma cestou prachu mdze vyvolat rakcvinu prostaty,
traviaceho traktu alebo pluc.

Chrom sa povaZuje za rizikovy kov vzhladom na
jeho vyznam pre kozeluzne a pre vyrobu pigmentov.
Toxikologicky je vyznamna jeho Sestmocné forma,
ktora mbze spOsobit zapal pokozky a astmu. Indicki
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autori [9] Studovali vplyv mocenstva chromu z deter-
gentov na dobrovolnikoch a dokazali, Ze detergent
s obsahom chrému 40 az 50 ppm vyvolava kontaktnu
dermatitidu. Nygren a Wahiberg [10] dokézali podobné
ucinky chromu z topanok.

Z hladiska textilného priemyslu novsie nadoblda
na vyzname nikel. Na rozdiel od nizkej toxicity jeho
anorganickych zlicenin je jeho zluCenina karbonylnikiu
mimoriadne rizikova hlavne latenciou medzi priznak-
mi akltnej expozicie a rozvojom poskodenia pluc,
mozgu a dalSich organov. Zaujimavé su epidemio-
logické Studie [11], ktoré dokazuju dermatitidy z niklu
najm& z kovu vybijanych opaskov na dzinsoch. Nikel
a jeho zliceniny sa m6zZu pouZivat vo vyrobkoch ako
nitované gombiky, pracky, nity, zipsy a kovové znacky
na odevoch, ak uvolfovanie niklu z ¢asti vyrobku,
ktora prichadza do dihodobého priameho kontaktu s
pokozkou neprevySuje 0,5 pg/cm? /tyzderi [12].

U arzénu jeho organické zli€eniny sa pokozkou
slabo absorbuju, a preto je inhalana expozicia viacej
vyznamna. Alergicka kontaktna dermatitida je Casta
u pracovnikov, ktorf st exponovani trioxidu arzénu.
Arzenitan a arzeni¢nan maju embryoletalne ucinky
a teratogénny potencial.

Antimdn je zaradeny tiez medzi kovy, ktorych rezidua
sl limitované podla OEkotex standardu. Jeho zli¢eniny
mozu zapri¢init vyrazné drazdenie sliznice zazivacieho
ustrojenstva. Oxid antimonicity v kombinécii s arzénom
moze vyvolat hyperkeratozu koze.

Kobalt doprevadza iné kovy, preto je pritomny
v rdznych kovovych produktoch a doplnkoch odevu,
obuvi atd. Je sucastou farbiv na sklo a porcelan, tvrdi-
diei niektorych Zivic, cementu a pod. Patri medzi ¢asté
alergény.

Med tvori dblezitu zlozku niektorych zliatin spo-
lu so striebrom, kadmiom, cinom a zinkom.
V polnohospodarstve sa pouzivaju jej zluceniny ako
pesticidy. Vylu€ovanie medi mdZe byt ovplyvnene
u ¢loveka pritomnostou molybdénu v strave. V prasnych
aerosodloch méze spdsobovat tzv. horicku z kovov. Soli
medi pbsobia drazdivo na neporusent pokozku. Na
sliznici spojiviek mé2u spdsobit ich zapal a na rohovke
tvorbu vredov.

Organicky cin prichadza do uvahy u pracovnikov
pouZivajucich technologie s vyuzivanim organickych
zluCenin cinu a pri pouziti farbiv. Rozdiely toxicity medzi
alkylcinovymi zlu€eninami zavisia od poctu alkylovych
vedlajsich retazcov.

Chlérované pesticidy a iné biocidy

V ramci predtrhovej kontroly a povinnej certifikacie
textilnych a odevnych vyrcbkov je pozadované hod-
notenie obsahu chlérovanych pesticidov vo vyrobkoch
s obsahom baviny a viny.

Pentachldrfenol (PCP) a jeho soli sa pouzivali v
Sirokej miere ako pesticidy (insekticidy, fungicidy atd.}.
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Tab. 4 Najvyasie lolerovatelné obsahy (limity) chemickych latok v textilidch podra Oko-Tex Standardui100

Chemické latka Limit mg/kg (ppm)
(kowy: extrzhovatelné) Deti (3r.) Dospeli priamy kontakt Dospeli nepriamy kontakt
'r-'rn‘rr.;al-;ﬁ_-—;.;w_yd + 20 75 300
Antirmen 30 30 30
_/\r/:'én 0,2 1,0 1,0
I Clovo 0,2 1.0 1,0
Kasmium B 0,1 0,1 0,1
1,0 2,0 2,0
pod detekénym limitom
1,0 4,0 4,0
7Ma<" 25 50 50
Hikel 1,0 4,0 4,0
Orr; { 0,02 0,02 0,02
Suma pestieidy {viat achlor
A 05 .0 10
W‘F;ovm:h!érfenoé (PCP) 0,05 Q0,5 0,5
2.5 G-T'et;acnldrfenol 0,05 0,5 0,5
Qrganickg;l‘tjcéenmy cinu:
A ‘TBT 0,5 1,0 1,0
MDF?T . 1,0
| Ortefenyitenol (OPP) 50 100 100

4 voovzdust sa pripasta limit iba 0,1 mg/kg

\ poslednych rokoch sa ale jeho pouZitie vo vyspelych
statoch velmi obmedzuje. Populacia mbZe byt expon-
ovana PCP z textilu a papierovych produktov, jeho
technicke produkty mézu obsahovat viaceré toxické
mikrokontaminanty, zahrujice PCDD (polychiorovane
dibenzo-p-dioxiny) a PCDF (dibenzofurany).

PCP sa lahko absorbuje cez neporusent pokozku,
dychacie a zazivacie Ustrojenstvo. M6zZe spdsobit
vysoke riziko pri vyrobe a pouziti PCP. lde o vyskyt
,chidrakneg™ (vyrazky na pokozke), choroby dychacich
ciest, neurologické priznaky (bolesti hiavy, vracanie
a slabost).

EU ma vSeobecné obmedzenie pouzitia PCP, av§ak
niektoré staty EU ho dalej pouZivaju na ochranu dreva
a na impregnaciu vlakien a niektorych textilif [13].

Dal$ie pesticidy na baze chldrovanych uhlovodikov
(DDT, HCH, HCB, Heptachlor, Aldrin a Dieldrin a dalSie)
sa vyznacuju kumulativnymi vlastnostami v Zivo&iSnych
tukoch. Akutna toxicita DDT nie je vysokd, viacej tox-
icka je HCH, Heptachlér, HCB a i.

Pod spoloénym nazvom ,perzistentné organické
zlu¢eniny” sa postupne vyraduju z vyroby a pouZitia
na svete v ramci globalnej dohody, ktora sa uskutocnila
v Stokholme v 2001. Vynimku tvori DDT, kde sa jeho
pouzitie povoluje v niektorych krajinach tretieho sveta
iba v boji proti komarom sp&sobujucim malariu [6]. Na
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Slovensku je zakazané pouZivat v polnohospodarstve
uvedeneé latky uz od roku 1976, o bol vysledok prace
pracovnikov byvalého Vyskumného Ustavu hygieny
(8,14-17].

Polychlorované bifenyly (PCB) i ked nepatria do
skupiny pesticidov ako chiérované uhlovodiky, rovnako
zataZuju zZivotné prostredie a najma v tukoch sa ku-
muluji podobne ako chlérované pesticidy [8,16]. Ich
vyroba na Slovensku sa zakazala v r. 1983.

Chlérované uhlovodiky posobia na centralny nervovy
system, pri¢om presny mechanizmus tohto u¢inku na
Cloveka a zvierata nie je zatial blizSie objasneny.

Osobitne prichodi pojednavat latky, ktoré pochadzaju
z plastickych obalov, ktoré maju zabezpedit pévodné
vlastnosti vyrobku. Na druhej strane nesmu kombinovat
vyrobok pomocnymi zlozkami, pinidlami a najma
zvyS8kami monomérov, ktoré pochadzaju zo surovin.
V tejto suvislosti sa predovSetkym sleduju ftalaty, ktoré
sa pouzivaju ako zmékcovadla (plastifikatory) v PVC
a su limitované spolo¢ne v Standardnom Oeko-Tex
100 vo vyske, 0,1%.

iné biocidy sa zaraduju do zoznamu dalSich typov
produktov (napr. dezinfekéné prostriedky, konzervacne
latky, produkty na ochranu pred $kodcami, produkty
pre veterinarnu hygienu, ochranné natery a filmy na
ochranu dreva, vlakien, koZe, gumy, polymérnych
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materialov, ochranné prostriedky pre chladiarenské
a spracovatelské systemy, vybrane ochranné pros-
triedky na potraviny a krmiva).

Legislativne upravy rezidui chemickych kontaminan-
tov uvadzame v tab.4

V EU je spotrebitel informovany, &i odevy, resp.
textilie, neobsahuju latky schopné vyvolavat dermato-
logické ¢i iné zdravotné problémy, pretoze su vyrobky
oznacené etiketou. Dekiaracia je formulovana sprav-
idla takto: ,SkuSané na Skod!ivé latky podla Oeko-Tex
Standardu 100", Certifikujuca organizacia je Oeko-Tex
[www.oeko-tex.com].

V Europskej unii plati v uvedenej oblasti Smernica
98/8/EC, platna od 14. maja 1998 a Nariadenie Komisie
(EC) 1896/2000 platné od 7. septembra 2000. Cielom
uvedeneho Nariadenia je zabezpecit 10-rocny program
pre systematické hodnotenia rizika zo vSetkych existu-
jucich aktivnych latok biocidnych produktov.

Formaldehyd

Ide o ostro pachnuci slzotvorny, lahko skvapalnitelny
a lahko polymerizovatetny plyn, jeho 40 % vodny roz-
tok sa nazyva formalin. Zapach formaldehydu citit uz
od 0,2 mg/m®. S amoniakom poskytuje hexametylén-
tetramin, ktory je konzervacnym prostriedkom, ktory sa
dlho pouZival najmé& v rybnom priemysle.

Vzhiadom na jeho rychle vstrebavanie pokoZkou
je kontaktnym drazdidlom. Alergia mbze vyustit az
do astmy a karcinogénnych G¢inkov. Senzibilizacia
pokozky méze vznikat pri priamom styku pokoZky s ro-
ztokmi formaldehydu uz pri koncentracii 0,05 %. Podla
niektorych pramenov [18] je podozrivy z mutagénnych
a karcinogennych ucinkov. Medzinarodné agentura
pre vyskum rakoviny (IARC) zaujala stanovisko, Ze
tuto vlastnost formaldehydu mbzeme povaZovat za
dokéazanu iba u zvierat. nie vsak u fudi.

Pouzitie formaldehydu ako kondenzovaného ami-
noptastu s velmi nizkou moiekulovou hmotnostou je
roz&irene pri Uprave textiiu na zniZzenie jeho kréivosti.
Okrem toho sa pouziva aj do Cistiacich prostriedkov
na Koberce. Ako tab. 4 prezentuje podla Oeko-Tex
Standardu, ma uréené limity jednak ako reziduum a tie?
v ramci limitov emisif prchavych zlu¢enin.

NajteZnejSie pouZivanie Zivice pcdla R.M. Carlsona
a kol. [19] sul na baze tychto zlicenin:

dimety! dihydroxyetylén urea (DMDHEU)
etylénurea / melamin formaldehyd

urea formaldehyd

melamin formaldehyd.

Tieto latky su na trhu pcd obchodnymi nazvami
Fixapret, CPN, NF, AC, ECO.

Podfa hodnotenia tychto preparatov v USA [19]
najmenej formaldehydu uvolfiuju Fixapret, NF, ECO,
CPN a metylovany DMDHEU. Podla uvolfiovania form-
aldehydu sa zaraduju formaldehydové Zivice takto:
za vysoke sa povaZuje uvolfiovanie nad 1 000 ppm,
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za nizke pod 100 ppm a za velmi nizke menej ako 30
ppm.

R. M. Carlson a kol. vyhodnotili u niekolkych stoviek
Zien a muzov vysledky naplastového testu v patroénej
stadii, ktoré dokazali u 7,2 % pacientov alergické reak-
cie na 1 % vodny roztok formaldehydu. U formalde-
hydovych Zivicovych preparatov pozitivne vysledky
dokazali naplastovym testom preparaty Fixapred, AC
a CPN iba medzi 2-2,5 %. Tieto vysledky nepotvrdili
zavery predoslych prac [20], ktoré poukazali na to, Ze
citlivost na formaldehyd je vyznamnejSie rozSirena
u Zien ako u muzov.

Studie R. M. Carlsona dalej poukazali na klinicku
relevantnost vysledkov z naplastovych testov nielen
u pozitivnych, ale aj u nejednoznacnych pripadov pre
citlivosti pacientov.

Fowler a kol. [21] prezentovali §tudiu, v ktorej sa
sledovali pacienti s pozitivnym naplastovym testom
na dvoch klinikach v USA a kon$tatovali, Ze alergia na
formaldehydové Zivice je viac rozsirena ako sa pévodne
predpokladalo. Zo 17 pacientov az 12 bolo alergickych
na formaldehydové Zivice. Ako najvhodnejsi preparat
pre screening sa ukazala etylén urea melaninova kom-
binacia (Fixapret AC).

R. M. Carlson a kol. dalej uvadzaju textiiné firmy,
ktoré vyrabaju textilie vyhovujlce aj uznavanym japon-
skym Standardom z hladiska uvolfovania formaldehy-
du. Napokon autori zostavili tzv. manual pre pacientov
s kontaktnou alergickou dermatitidou na textilie, ktoré
boli upravené formaldehydovymi Zivicami.

Potencialne toxinogénne mikroskopické viaknité
huby v textilnych vldknach rastlinného pévodu

Tento problém sme zaradili do skupiny chemickych
kontaminantov preto, lebo v metabolizme toxinogén-
nych mikromycét (plesni) vznikaju mykotoxiny, ktoré
s definovatelnymi chemickymi zlu&eninami. Myko-
fléra baviny (toboliek i vlakien) sa doteraz intenzivne
Studovala najma v producentskych krajinach. Zastupco-
via rodov Aspergillus, Penicillium a Rhizopus sa izo-
lovali z toboliek v Egypte, pricom 16 % vySetrenych
vzoriek bolo kontaminovanych mykotoxinmi aflatoxinmi
B, a B, Podobné vysledky sa ziskali z vySetreni baviny
v niektorych oblastiach USA, v Grécku, Indii a Irane
[22-25].

Kontaminaciu textilnych surovin v zavodoch na Slov-
ensku Studovali Pieckova a Jesenska [26]. VySetrili 45
vzoriek dovazanej baviny, dalej zistovali mykofioru 24
vzoriek [anu. K &asto izolovanym kmeriom patril Asper-
gillus flavus (30,9 % vySetrenych kmenov produkovalo
aflatoxin B, in vitro) [27].

Vysledky vSetkych Studii uvedenych autorov potvrd-
zuju, Ze rastlinné vlakna — nezavisle od svojho povodu
— st kontaminovane predovietkym tzv. polnymi hubami
(Alternaria sp. a Cladosporium sp.), vyvijajucimi sa na
Zivych rastlinach, ktoré su nasledované tzv. skladovymi
hubami. Tieto rozkladaju uskladnené rastlinné materialy
zvy&ajne pri teplotach vyssich ako 30 °C, vihkosti ma-
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terialu vy35ej ako 20 % a jeho vodnej aktivite a, 0,80.
Medzi skladové huby patria predovietkym Aspergillus
fumigatus, Aspergilius flavus a iné aspergily, dalej
zastupcovia rodov Penicillium, Eurctium, Trichoderma,
Absidia, Mucor a Rhizopus [25-27].

Pri manipulacii s textiinymi surovinami rastlinného
povedy (bavina. fan, juta, sisal, konopa) vznika or-
ganicky prach, ktorého Koncentracia na pracoviskach
a? niekofkokrat presahuje najvyssie pripustne koncen-
tracie. Napr. v bavinarskom zavode zistil Jaros [28]
priemem( koncentraciu prachu na pracoviskach 8,71
ma/m” (NPK-P je do 2 mg/m?®), v zavode lanarskom
a7 46,86 mg/m® (NPK-P do 4 mg/m®). Organicky prach
7 uvadenych rastlinnych vlakien je klasifikovany ako
bioaerosol bez toxického a fibrogénneho UcCinku, ale
< wyrazne drazdivym udéinkom na fudsky organizmus
[2€]

Mikroorganizmy vyskytujuce sa v organickom pra-
chu maju rézne neziaduce UCinky najméa na dychaci
trakt exponovanych osdb. Zakladne zlozky bunkove;
stenv hib s najvacsou pravdepodcbnostou spdsobuiju
u pracovnikov spracujucich rastlinné vidkna (bavina,
fan) chronické zapalové procesy v plucach a vyvo-
l4vaji chronickl bysindzu u exponovanych robot-
nikov. Chronicka bysindza (pocit tlaku aZ zvierania na
hrudniku) sa ¢asto vyskytovala pri pracach s bavinou
v zahrani¢l aj u nas [29, 30]. Svetovéa zdravotnicka
organizacia navrhla limity koncentracie prachu baviny
podla druhu prace. Pri spracovani baviny navrhli limit
0.5 mg/m°, pri stkani a spriadani baviny 0,2 mg/m*a pri
tkani baviny 0,75 mg/m®. Je to odvodené od mnoZstva
drte, kiora vznika pri tychto operaciach a spbsobuje
vznik choroby. V niektorych Statoch (Anglicko, Egypt,
USA, Ceskéa a Slovenska republika) sa bysindza evi-
duje ako choroba z povolania [29].

Velké potencidlne nebezpelenstvo predstavuju
mykotoxiny — nizkomolekulové sekundéarne metabolity
mikromycét. NajzndmejSie a najviac preStudované su
aflatoxiny produkované Aspergillus flavus, Aspergillus
parasiticus a Aspergillus nomius, ochratoxiny produ-
kované Aspergillus sp. a Penicillium verrucosum .
a trichotecény produkované Fusarium sp., Stachy-
botrys chartarum a i. Hladiny mykotoxinov v ovzdusi
znedistenom organickym prachom su velmi nizke (0—
10°ng/m°) a ich Uloha pri vzniku a vyvoji respiraénych
priznakov nie je eSte Uplne objasnena.

Aflatoxin B, patri k najucinnejS§im toxinom vobec.
Jeho Géinok po peroralnom prijme je hepatotoxicky
a chronicky p&sobi karcinogénne, ¢o bolo dokazane
najmenei u 5 druhov zvierat [30]. Okrem aflatoxinu B,
ako karcinogénne sa oznaluju v literatire aj patulin,
luteoskyrin, fumoniziny, sterigmatocystin. V pracovnom
prostredi boli detekované aflatoxin B, ochratoxin A,
zearalendn, sekalonova kyselina D,deoxynivalenon
[31, 32]. T-2 toxin, produkovany fuzariami, patulin,
produkovany mikroorganizmom Penicillium expan-
sum a kyselina peniciliova, produkovana peniciliami,
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vyrazne poskodzuju funkciu makrofagov v plucach.

Najiiginnejsim spdsobom prevencie chordb z povola-
nia vyvolanych exogénnymi mikroorganizmami je maxi-
maélna redukcia organického prachu na pracoviskach
uéinnou ventilaciou a odsavanim. Mimoriadne délezité
je predchadzat rastu mikroorganizmov a samozahrie-
vaniu uskiadneného rastlinného materiélu (suroviny
vlakien) v chranenych priestoroch s nizkou teplotou
a vihkostou. Je mozné pouZit aj niektoré fyzikalne
spOsoby dezinfekcie, napr. ionizaciu vzduchu, Cistenie
priestorov dezinfek&énymi aerosolmi, sterilizaciu ma-
terialov gama-Ziarenim. Tieto postupy su vyhodnejSie
ako pouzivanie chemikalii potla€ajicich rast mikro-
organizmov. TieZ je nevyhnutné pouZzivat primeraneé
prostriedky osobnej pracovnej ochrany (respiratory,
ochranné masky s filtrami podla druhu Skodliviny),
uplatnit zdravotnu vychovu a pravidelné Specializovane
preventivne lekarske prehliadky exponovanych pra-
covnikov. Treba tieZ identifikovat osoby vnimavé na
choroby dychacich ciest a nezaradovat ich na prasné
rizikove pracoviska.

Tento pn’sgevok bol spracovany v ramci riesenia projektu APVT
- 99-010604 Studium vplyvu chemickych idtok v textilidch na zdravie
Cloveka.
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45TH INTERNATIONAL MAN-MADE FIBRES CONGRESS

Murarova A.

Fakulta chemickej a potravindrskej techneldgie STU Bratislava,
Radlinského 9, 812 37 Bratisiava

Na 45 kongrese o chemickych viaknach v Rakus-
kom Dorrbirne v tomto roku sa problematike wellness
s textiliami venovala velka pozornost. Z pocetnych
prednadok jednoznalne vyplynulo, Ze wellness textilie
su textilie budlcnosti.

Fedla medernych predstav je wellness celkova kon-
cepcia zdravia. Pojednava o vSetkych vplyvoch, ktoré
Jpevniuit teiesné a duSevné zdravie a blaho. Wellness
sa stava v ostatnom ¢ase megatrendom Zivotného
Stylu.

Dejiny weliness su tak staré ako staré je ludstvo.
Uz v anticke] kultire sa vyuzivali relaxacné kipele a
v osmanskej kultdre zase oblubovali parne kipele a
masaze pre upevnenie telesného a dusevného zdra-
via. Tento prastary Zivotny Styl pozitivne ovplyviiuje
dnedny zivotny Styl — wellness. Slovny vyraz weliness
pochadza zo 17. storodia a v preklade do slovenciny
znamena suhru zdravia a blaha.

V 50. rckoch 20. storoCia sa stal wellness programom
americkej zdravovedy. Bol to Usporny model zdravia
zakladajici sa na prevencii a vlastnej zodpovednosti
iednotlivca o svoje zdravie a blaho. Rozhodujuce fak-
tory pre dobré zdravie a blaho su zdrava vyziva, telesné
fitness, ovladanie stresu, Zivotné prostredie. Hlavné
zdroje koncepcie wellness teda su vyZiva, pohyb, relax,
priroda a v ostatnom Case sa priraduje vplyv textilnych
materialov v rdznych textilnych vyrobkoch, ktoré st v
kontakte so Zivym organizmom.

Inteligentné textilie a odevy su §lagrom budtcnosti.
Majd vyrazny Uu¢inok na wellness. Vypocet inteligent-
nych textilii je dnes uz velmi rozsiahly. Ako priklad
inteligentnych textilii méZe byt textilia, ktora perfektne
cdvadza pot a pritom sa neprepoti, zaroven trvale
zabezpeluje optimalnu suchl pododevnl mikroklimu
a udrzuje prijemnt voru. Dal$im prikladom méze byt
textilia, ktord zabezpecluje prijemny tepelny komfort
na principe citlivosti na tepelné zmeny vo vonkajse;
klime, alebo na teplotu vyvolani zvysenou fyzickou
¢innosfou. Takéto inteligentné textilie sa aplikuju do
wellnes vyrobkov ako su napriklad spodné odevy,
tricka, plavky, postelna bielizen a mnohé iné.

Wellness textitnych materialov mdzZe ovplyvnit
druh materialu, farba, tvar a mnohé iné faktory, ktoré
posilfiuju zdravie a komfort. Pre wellness sa pouZiva
textilny material zadsadne zdravotne nezavadny a s do-
brymi Uzitkovymi viastnostami. Farba a harménia farieb
ma& vyznamny upokojujuci vplyv na psychiku ¢loveka
a v kone¢nom dosledku na wellness, ktoré podporuju
farebné textilie. Tvar a dizajn textilnych materiélov a
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odevov musia koreSpondovat s predstavou weliness.

V koncepcii wellness textilie ovplyviuju nae zmys-
ly ~ hmat (mékky griff), Cuch (véna), zrak (prijemny
vzhlad), sluch (Suchot, praskanie). Chut v pripade
textilie je nepodstatna.

Wellness zabezpeluju textilie, ktoré maju kozmeticke,
biologické a medicinske funkcie. Tieto funkcie mdzu byt
permanentné, alebo je moznost ich obnovovat. Spo-
sobuju ich rézne aktivne aditiva, ktoré sa pridéavaju do
textiinych materialov. Aktivne aditiva méZu byt rdzneho
pbvodu a druhu:

Rastliny — aloe vera, vitamin C, vitamin E, algae,
ginko, ajovy olej...

Mikroorganizmy — mikrobialne polysacharidy, anti-
biotika, bioaktivne proteiny...

Zivodichy — chitozéany, heparin, hodvabne vldkna...

Syntetické aditiva — kozmetické substancie, elas-
tany...

Kovy — striebro, oxidy kovov...

Uginky aditiv v textilnych materialoch su preventivne,
lieCivé alebo kozmetické. Mnohé z nich majd Gcéinok
proti nachladeniu a protizapalovy — antibakteralny,
antipliesfiovy a antivirusovy. Vitamin E aditivovany v
textiinych materialoch spomaluje starnutie pokoZky,
ktora je v kontakte s textilnym materidlom a pod-
poruje lepsi spanok. Bioaktivne proteiny z geneticky
modifikovanych organizmov tiez spomaluju starnutie
pokozky. Cajovy olej ma aromaterapeuticky ucinok.
Textilné materialy upravené striebrom maju antibak-
terialne a antialergické Gcinky. Fragranty svojou vériou
podporuji prijemny pocit a maju aromaterapeuticky,
alebo insekcitidny ucinok. Elastany sa pouzivaju v
zdravotnych a ortopedickych textilnych vyrobkoch,
kioré siuZia na ochranu a podporu zdravia.

V ostatnom Case vznikla nova kategéria textilnych
materialov, do ktorej patria kozmetotextilie. Tieto texti-
lie nie su deklarované ako kozmetické vyrobky, avSak
déraz sa kladie na ich dermatologickl bezpelnost a
musi byt oznaCena pritomnost ingredientov vo vyrobku
a ich toxicita.

Aktivne aditiva sa mbézu viazat réznymi spdsobmi
na textilny material. Nové spbsoby sa zakladaji na
enkapsutacii aditiv, obr. 1. Pri kontakte textiiného ma-
teridlu s pokoZkou sa Ucinna latka postupne uvoltiuje z
kapsule a prenika do rdznych vrstiev koZe v zavislosti
od jej aktivity a to cestou penetracie, permeacie, alebo
absorpcie do miazgy, obr. 2.

Wellness textilie m&Zu byt na baze prirodnych alebo
syntetickych vlakien. Prirodné vldkna maju prevazne
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Obr. 3 Wellness textilie

fixované vlastnosti na rozdiel od syntetickych viékien,
ktorych vlastnosti sa mézu predikovat pri ich tvorbe.

V ostatnych rokoch sa vyrazne zvySuje produkcia
inteligentnych textilii s wellness funkciami. Inteligentné
textilie maju vSestranné uplatnenie v rdznych textilnych
vyrobkoch pre kazdodenné, alebo Specid'ne pouzitie,
obr. 3.

Inteligentné, prevazne wellness textilie su textilie
buduicnosti.

Informécie o textiinych materialoch a wellness méze
Citatel ndjst v citovanej literature alebo na adrese www.
dornbirn-mfc.com.
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ITC&DC - 3™ INTERNATIONAL TEXTILE, CLOTHING
AND DESIGN CONFERENCE
MAGIC WORLD OF TEXTILES

V dnioch 8.—~11. oktébra 2006 Fakulta textiinej tech-
noiogie, Univerzity Zagreb usporiadala v chorvatskom
Dubrovniku 3. Medzinarodnu konferenciu textilu, odi-
evania a dizajnu pod zastitou: Ministry of Science,
Education and Sport, Republic of Croatia, Ministry of
Economy, Labour and Entrepreneurship, Republic of
Croatia, Croatian Academy of Engineering, Zagreb,
Croatia, DAAAM International Vieden, Rakusko, AU-
TEX, Gent, Belgicko, The Textile Institute, Manchester,
United Kingdom, The International Textile Academy
New Delhi, India, AATCC, Research Triangle Park,
United States of America, Croatian Society of Chemi-
cal Engineers, Zagreb, Croatia, {FKT, Reutlingen,
Germany, Croatian Chamber of Economy, Zagreb,
Creatia, INA Qil Industry, Zagreb, Croatia, City of Du-
brovnik, Croatia.

Vytvorené medzinarodné férum pocas konferencie
bolo prilezitostou pre prezentaciu a vymenu poznat-
kov, skusenosti a vysledkov vyskumu z oblasti textilu,
odevnictva a dizajnu, novych materialov, technolégii,
marketingu, ako aj novych metdd hodnotenia kvality
textilnych materidlov. Rokovanie konferencie bolo preto
rozdelené do nasledovnych siedmych sekcil:

A) textilné vlakna a moderné materialy

B) vyroba a vlastnosti priadzi, tkanych a net-
kanych textilii

C) procesy a technologie textiineho
zulachtovania

D) odevné technologie

E) analyza, skusobnictvo a kontrola kvality

F) dizajn a marketing textilu a odevnictva

G) ochrana Zivotného prostredia, ekologia a en-
ergeticky manazment.

Na konferencii sa zucastnilo vy§e 200 ucastnikov
z krajin celého sveta. Medzinarodny programovy vy-
bor akceptoval 180 prispevkov, ktoré boli publikované
v recenzovanom zborniku. Prispevky boli podla cha-
rakteru a obsahu rozdelené do jednotlivych sekci,
ktoré odpovedali hlavnym témam konferencie, a boli
prezentované vo forme prednasok a posterov.

A) Sekcia A bola zamerana na prezentaciu novych
a modifikovanych vlaknitych materialov a postupov ich
pripravy s cielom zlepSenia ich zakladnych a UZitkovych
vlastnosti - vyvoj funk&nych textilii a ich hodnotenie,
modifikacia PA 6 a PP vlakien kopolyamidmi a vrste-
vnatymi silikatmi, morfolégia a mechanické viastnosti
zmesnych PP/PES vlakien, vldkna so Specialnou vodu
absorbujucou nanostrukturou pre zlepSenie komfortu
pri odievani, PP netkané textilie s antibakterialnou
Upravou.
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B) Viditelny pokles zaujmu o vyskum v oblasti tech-
nolégie vyroby priadzi, tkanych a netkanych textilii bol
zaznamenany aj znizenym poctom prezentovanych
prispevkov v sekcii B v porovnani s predchadzajucimi
rocnikmi tejto konferencie. Prezentované prispevky
boli orientované hlavne do oblasti hodnotenia vplyvu
podmienck pripravy priadzi a tkanin na ich kone¢né
vlastnosti — analyza vlastnosti rotorového pradenia
bavinenych a zmesnych priadzi, vplyv zmeny me-
chanickych vlastnosti utkovych a osnovnych niti na
konStrukéné parametre tkanin, termopojivé textilné
materialy.

C) Pri vyvoji novych textiinych materidlov s novymi
i zlepSenymi vlastnostami hlavne v oblasti komfortu,
zdravia a dizajnu v odevnych aplikaciach sa vyuZzivaju
noveé postupy textiinych Uprav, farbenia a enzymatick-
ych uprav - antibakteridlna a antifungicidna uprava,
Uprava atmosférickou plazmou a nasledne ockovanie
povrchu, potlac textiinych materialov reaktivnymi farbi-
vami, funkcionalizcia textiinych materialov pomocou -
dextrinov, kombin&cia bioprania a bielenia textilii, en-
kapsulacia textiinych materialov.

D) V sekcii D ,Odevné technoldgie” boli prispe-
vky zamerané na nové moznosti modelovania vyroby
textilnych a odevnych vyrobkov ako aj na viastnosti
novych vyrobkov — modelovanie transportu tepla cez
textilné materialy, Studium tlaku odevov na ludskeé telo,
distribucia dynamického napatia v odevoch, technicky
systém v inteligentnych textiliach s aktivnou termickou
ochranou.

E) Sucasny vyvoj testovacich a analyticko-fyzikéal-
nych metod pri hodnoteni textilnych a odevnych ma-
teridlov je orientovany hlavne na zlepsenie ich kom-
fortnych a fyziologickych vlastnosti — termoregulaéné
vlastnosti netkanych textilii, anizotropia tkanin, korelacia
medzi pevnostou a zakrutom priadzi z rbznych vlakien,
vplyv jemnosti na UV ochranu bavinenych tkanin, povr-
chovej drsnosti a porovitosti textilii a inych.

F) Prispevky boli zamerané na nové metddy
a postupy pri tvorbe dizajnu textilu a odevnych vyrob-
kov a na oblast marketingu — inovacia v ozdobnom
dizajne, dizajn ponoziek v minulosti a dnes, dopad
kultirneho dediéstva na spotfabny textil, dizajn vo-
jenskych uniforiem, dizajn a konStrukcia koZenych
vyrobkov .

G) Procesy textilného zoslachtovania, farbenia
a kone&nych Uprav patria k najviac zatazujucim Zivotné
prostredie, a preto sa od zaloZzenia medzinarodnej
konferencie v Dubrovniku venuje tejto oblasti velka
pozornost. Prispevky, ktoré boli prezentované v tejto
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sekcii sa zaoberali ekologickou koncepciou odpa-
dov z textilnych procesov, Studiom fotodegradacie
reaktivneho farbiva, dekolorizaciou farbiaceho kupela
obsahujuceho kovokomplexné farbiva, kombinaciou
Cinidiel pri prani viny a ich recyklaciou z odpadnych
vdd, ur€enim dioxinov v disperznych farbivach.
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Okrem kvalitného odborného programu ucastnici
konferencie mali moZnost sa zucastnit velmi bohatého
a hodnotného spoloCenského programu. Materialy
a dalsie informacie o konferencii su dostupné na ad-
rese http://itcde.ttf.hr.

Anna Ujhelyiova
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