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THE DYEING OF TEXTILES IN SUPERCRIT|CAL CO,

V. Golob, V.,  Tu5ek, L.

University of Maribor, Faculty of Mechanical Engineering, Textile Department,
Smetanova ul. 17, 2000 Maribor, Slovenia;

vera. golob @ u ni-m b. si ; I id ij a.tu sek @ u ni-mb. si

Texti le dyeing in supercrit ical CO2 is one of the most advanced dyeing technologies, since
instead of water the dyeing medium is carbon dioxide in the supercrit ical state. lt has a density
and dissolvabil ity similar to l iquids, but viscosity and diffusion properties similar to gases. SC
CO2 dissolves hydrophobic substances including disperse dyes, therefore, it is suitable for the
dyeing of synthetic f ibres, especially PES. ln comparison to conventional aqueous PES dyeing
processes, this dyeing process has ecological advantages since no wastewater appears.

The effects of pressure at constant temperature have been investigated regarding the solubil ity
of the disperse dyes and the dyeing of PES in supercrit ical CO, with individual dyes and their
mixtures. The pressure variations cause differences in colour, especially when mixtures of dyes
are used. The dyed samples were evaluated using colorimetry.

1.  INTRODUCTION

CO2 above the critical temperature (Tc = 31 'C) and
the critical pressure (P" = 74 bar) is supercritical fluid,
which is neither a liquid nor a gas, but has the proper-
ties of both. The density and dissolvability of CO2 in a
supercritical state are similar to liquids, whilst its viscos-
ig and diffusion propenies are similar to gases. The key
property of supercritical CO2 as the dyeing medium is
its ability to dissolve hydrophobic substances including
disperse dyes. The supercritical fluid has two tasks in
the dyeing process: it heats the substrate which cause
the macromolecules to move in the PES fibre for the
formation of free volume, and transports the dyes [1].
This process can be controlled by temperature and by
pressure.

The dyeing process in CO2 has, in comparison to
conventional aqueous PES dyeing processes, environ-
mental benefits since no wastewater appears, no aux-
iliaries are needed for dyeing and the residual dyestuff
can be reused. CO2 can be recycled after dyeing by
decreasing the temperature and the pressure and the
textile material is dry. In addition to its ecological advan-
tages, the new dyeing process substantially reduces the
costs of chemicals, auxiliaries and energy costs for dry-
ing. Many research groups around the word, therefore,
are performing research work on the use of supercritical
CO2 in text i le appl icat ions [1-6]. The f irst pi lot plant
machines have been exhibited already at ITMA 1995 by
Josef Jasper and Uhde Hochdrucktechnik (Germany).
The disadvantage related to dyeing in SC CO2 is that
the investment costs for the dyeing equipment are rela-
tively high compared with conventional dyeing equip-
ment.

lnformation about the fibres behaviour and their physi-
cal properties in supercritical COr [3,7] and the solubil-
ity data of used dyes [6] are impoftant for the dyeing
process in supercritical COr. In industrial practice dye-
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ing with mixtures of dyes is prevalent, therefore, the
solubility of three disperse dyes and their mixtures was
investigated. The dyeing experiments on the PES fibres
were performed using these dyes and the effect of their
in teract ions in  dye mixtures on the solubi l i ty  and
dyeability was studied. The dyed samples were evalu-
ated using colorimetry and CIELAB colour system.

2.  EXPERIMENTAL

2.1 Mater ia ls

Substrate: Washed 100% PES fabric was used in the
dyeing experiments.

Dyes: The dyeing was performed using three dis-
perse dyes,  developed by CIBA especia l ly  for
supercri t ical f luid dyeing. Their chemical consti tut ion is
a commercial secret; only molecular masses are given
with an accuracy of t5%. The code names of the dyes
are: Yellow SM2P (M = 360 g/mol), Red SM2P (M : 430
g/mol), Blue SMl P (M = 400 g/mol)

CO, : 99.97o/o pure (by volume).

2.1 Solubi l i ty measurements

A static-analytical method was used for the solubility
measurement of the disperse dyes in supercritical COr.
The reliability and efficiency of this solubility measuring
technique had been established previously [8].The ba-
sic functions of the equipment are presented in Fig. 1.

Approximately 10 g of solid dye was charged in the
500-ml cell, and liquefied COr was pumped into it. The
system was electrically heated using a heating jacket
and maintained at a constant level within t0,5'C. The
autoclave temperature was measured using a thermo-
couple and the pressure was measured using a Digibar
PE 200 pressure t ransducer  (Hot inger  Baldwin

vldkna a textit 8 (4) 250-253 (2001)



Fig. 1 Flow diagram of the experimental equipment: 1 - high - pres-
sure pump, 2 - autoclave, 3 - sampling trap, 4- rotameter

Messtechnikthe accuracy t0,5 bar). The solid and CO2
phases were mixed by shaking untilthe equilibrium was
reached. As the separation of the phases was estab-
lished, a sample of the fluid phase was taken by the use
of a sampling valve in a trap using ethanol. The amount
of CO, released (cca. 1l) was measured with a rotam-
eter (accurate to t0.02 l). The drop in the pressure ob-
served while taking the samples was from 7-3 bar, de-
pending on the pressure in  the cel l .  A temperature
change was undetected. The volume of the dead space
between the cell and the sampling valve was 1 ,1 x10-2
ml. Further experiments could have been done after the
particular time lapse needed to obtain equilibrium be-
cause the quantity of the sample was sufficiently small
compared to the volume of the equil ibr ium cel l .

The concentration of each dye in the acetone was
determined by VIS spectroscopy using Lambert-Beer
law. A UV/VIS spectrophotometer Lamba 2 (Perkin
Elmer) was used. The solubi l i ty is expressed as the
equilibrium mole fractions of a dye in CO2 by the equa-
t ion:

y = nov"/(roy"*flcoz) (1)

where Dr dfe moles of substance i.

2.2 Dyeing process

lndividual dyes (yellow, red and blue) were used as
well  as their mixture of two (mass rat io 1:1) and a mix-
ture of al l  three (mass rat io 1:1:1). The dyeing was per-
formed with 3% of individual dyes or their mixtures of
dyes per weight of fabric. The dyeing conditions were
130 "C and 250 or 300 bar, the dyeing t ime was 20
mins. Samples were dyed in a static high-pressure ap-
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Fig. 2 Static apparatus for SC CO2 dyeing 1 - CO2 tank, 2 - high
pressure valves, 3 - heat exchanger, 4 - high pressure pump,
5 - autoclave with external heating, 6 - safety valve, 7 -
manometer

paratus for  supercr i t ica l  CO, dyeing which is
schematically shown in Fig. 2.

The dyebath was circulated inside the autoclave due
to a magnet stirrer. Approximately 0.5 g of fabric, 3% ot
dye or mixture of dyes and a magnet stirrer were put
inside the 0,12 | autoclave (5). The CO, from the sup-
p ly  tank (1)  was cooled to a l iqu id s tate and then
pumped into the autoclave by means of a high-pressure
pump (4). When the pressure of 50 bar was reached,
the system was briefly thermostated to attain the work-
ing temperature. The pressure was increased to the
working pressure after approx. 15 mins. The dyeing was
accomplished in 20 mins under isobaric and isothermal
conditions. Later, the heating oil bath was removed and
in approx. 5 mins CO2was expand. The dyed samples
were rinsed with acetone to remove the unfixed dye.

The amounts of sorbed dyes were evaluated by a
Soxhlet extraction of the dyed samples with hot chloro-
benzene, and a VIS spectrometry measurement. The
concentration of extracted dyes was determined ac-
cording to Lambert-Beer law.

The dyed samples were evaluated using colorimetry.
The reflectance of the dyed samples was measured by
the TEXFI-ASH DC 3881 spectrophotometer (Datacolor)
and the CIELAB colour co-ordinates were calculated.

3.  RESULTS AND DISCUSSION

The experimental equi l ib.r ium solubi l i ty was deter-
mined under conditions important for dyeing in SC COr,
i.e. at temperatures of 130'C and in pressure at 250 bar
and 300 bar. The solubility results for single dyes and
their mixtures are shown in Fig. 3.
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Fig. 3 The solubility (y) of single dyes and their mixtures

The solubility of the single dye as well as the individual
dyes in mixtures of two and three dyes at 130 oC, in-
creases with raised pressure. As the pressure rises, the
carbon dioxide density increases and the main intermo-
lecular distance of the carbon dioxide molecules de-
creases, thereby increasing the specific interaction be-
tween the dye and CO2 molecules [9].

The solubility of an individual dye in a mixture is not
the same as the solubility of single dyes thus indicating
the interdependence of dyes. Single red dye exhibits the
highest and blue dye the lowest solubility in CO, under
experimentalconditions. The pressure increase has the
greatest influence on the solubility of the red dye since
its molecular mass is the greatest. In a mixture the
trends are opposite. In the mixture of red and blue dyes
with mass ratio 1:1 the blue dye exhibits better solubil-
ity than the red dye. Similar results have been obtained
using a mixture of yellow, red and blue dyes in a mass
ratio 1:1:1. The blue and yel low dyes have better solu-
bility than the red dye, the solubility of which is approx.
six times lower as than when a single red.

The dyeing of the PES fabric was pedormed at 130 "C
and the pressure at 250 bar and 300 bar, respectively.
In previous research it was established that a dyeing
temperature at 130'C has the greatest influence on the
diffusion process. Fig. 4 shows that the highest amount

of fixed dyes when dyeing with single dyes is attained
at 130 "C and 300 bar. Under certain conditions the blue
dye has the highest fixation rate, the red dye a little
lower and the yellow dye the lowest. The pressure posi-
tively influences the amounts of the fixed dyes since
with increasing pressure the quantity of dyes on the
fabric rises.

Similar results are obtained using a mixture of two
dyes (red and blue in the mass rat io 1:1) but the high-
est amount of fixed dyes is observed. With the rise of
pressure from 250 bar to 300 bar, 10% more of red and
20% less of blue dye is sorbed; therefore the total up-
take is only slightly changed - more important is the
change in dye ratio, which influences the colour change.
The blue dye has smaller molecules than the red dye,
so in theory it migrates easier [10]. The blue dye prob-
ably sets free the locations in the fibres that are occu-
pied by the red dye, because of its better migration prop-
erties. Dyeing with the mixture of three dyes (yellow,
red and blue dyes in the mass ratio 1 :1 :1) gives lower
total amounts of fixed dyes than dyeing with the mixture
of two dyes. This indicates that the dyes compete for
accessible locations in the fibres, and exhibits the im-
portance of the presence of the yellow dye, which has
the smallest molar mass and the best migration abilities.
Raising the pressure from 250 bar to 300 bar at a con-

Y R B R B S u m Y R B S u m

Fig. 4 The sorbed dye amount in the fibre (c) of single dyes and their mixtures

g 250 bar

I  300 bar

Mixture R+B (1:1)
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stant temperature causes a decrease in the amount of
the yellow dye, an increase in the amount of the red dye
and a decrease in the amount of the blue dye.

The most impoftant element, when dyeing with a mix-
ture of dyes, is the ratio of the amounts of dyes on the
fabric because every change causes a change in col-
our. The former results are confirmed by colorimetric
evaluation of dyed samples. In the case of red and blue
dye mixture, a sample dyed at higher pressure is red-
der and less blue, which is indicated in the shif t  of h
value from 350 to 343. ln the case of samples dyed with
a mixture of three dyes at higher pressure the h value
is changed from 67 to 57 which means a redder colour.

4.  CONCLUSIONS

Comparison of the solubility of the dyes and the dyed
samples indicates that the solubi l i ty of the dyes is a
condition for successful dyeing but it does not have an
important influence on the amount of sorbed dye into the
fibre. This confirms the well-known theory, applicable to
aqueous dyeing, that the dissolution of the dyes in a
dyebath is not the slowest and, thus, not the crucial
phase of dyeing. The slowest dyeing phase is the dif-
fusion of a dye into the fibre interior, being a combined
function of both the free volume in the fibre and the tem-
perature. Dyeing in supercritical CO2 is not an excep-
t ion yet there are a lot of unknowns concerning the
mechanism of dyeing in supercri t ical COr. From the
results we can conclude:

o the chosen dyes have comparable solubi l i ty in
supercri t ical COr since equil ibr ium mole fract ions
of the dyes are in the range of 1O-7-104.

o no direct correlation between the solubility of dyes
and the dyeability of the PES fibres in supercritical
CO2 under chosen conditions was found. The rise
in the solubility of single dyes is in the order of red,

yellow and blue dye, but the rise in the amount of
sorbed dyes is in the order of blue, red and yellow
dye.

o the change of pressure from 259 to 300 bar does
not alter the colour yield significantly, but the ratio
between the dyes is changed when dyeing with
mixtures of dyes.

Furthermore, a lot of research work has to be done
to introduce this process into practice. One of the main
issues is laboratory recipe preparation or colour match
prediction, which cannot be successful without labora-
tory equipment for simulating the commercial process.
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DYEING KINETICS OF POLYAMIDE WITH REACTIVE DYES
IN THE PRESENCE OF SURFACTANTS

Ristic, N.

High Technics Schoo/ of Textile, V. Pusmana 17, 16000 Leskovac, Yugoslavia
E-mail : nesar363 @ yahoo.com

Dyeing of polyamide fibres is performed mostly with acid dyes, and the tendency towards
uneven colouration is compensated by use of levell ing agents on the tenside basis. These agents
are also of special importance for wool dyeing with reactive dyes. Since structural similarit ies
with wool enable reactive dyes fixation to the wool in a polyamide fibre by a covalent bond,
presence of levell ing agents in a solution is supposed to have an important influence on dyeing
kinetics of this system.

1.  INTRODUCTION

Reactive dyes are coloured substances which have
capability of covalent bond building bettween dye car-
bon atoms and oxygen, nitrogen or sulphur atoms in fi-
bre material nucleophile groups. Covalent bonds be-
tween dye and textile substrate are irreversible bonds
made through common electrons, for whose splitting the
same energy is needed as for the splitting of C-C bond
in the fibre itself. Owing to that, colourations ,made by
reactive dyes have good fastness to wet treatments,
fr ict ion, dry cleaning and other outer inf luences [1,2].
Extremely good fastness, brill iant shades and simple
performance brought about wide-spread industrial use
of reactive dyes. Portion of reactive dyes used for wool
dyeing is higher than 5% with the constant increasing
tendency [3].

Due to their chemical and physical-mechanical prop-
erties, polyamide fibres represent a link between hy-
drophile-natural and hydrophobe-synthetic fibres. Just
because of that dyeing of these fibres can be performed
with a wide assortment of dyes in a large spectrum of
shades. Polyamide, like woolfibre, contains nucleophile
groups (-NHz; tNH), through which i t  can react with

0 log tr,, log time

Fig.1 Determination of half-dyeing time with Bulton

reactive dye nucleophile center. Covalent bond polya-
mide-reactive dye is made primarily through the final
amino groups, and under certain circumstances (pH = 2)
also under amide groups [4,5].

When using reactive dyes, uneveness created during
dyeing process cannot be corrected with later migration
of colour, therefore even distribution should be achieved
in the adsorbtion phase, i.e. before the reaction between
dye and fibre takes place.

The purpose of this paper is to show how certain ex-
perience and results of sudactants use in dyeing of wool
with reactive dyes can be applied to this system in or-
der to obtain stable and even coloutation.

2.  EXPERIMENTAL

2.1.  Mater ia ls

As a dyeing substrate, PA 6 fibre was used, finesess
4,2 dtex and stapel length 80 mm. Washed and dried
samples were dyed with C.l. Reactive Blue 50 (Lanasol
Blue 3R) reactive dye. As auxiliary agents, two nonionic
surfactants - nonl iphenolethyleneoxides (FN-1 0 and
FN-20, Merima-Yugoslavia), and anionic surfactant -
laur i lpo lyg lycolether  su l fa te (Etopon LSP, Teol -
Slovenia) were used.

2.2. Methods

Dyeing was performed in a laboratory apparatus us-
ing exhaustion procedure, at dyebath ratio 1:80. Sam-
ple mass was 19, and dye concentracion 1% with vari-
able surfactant content: O; 0,4i 1 and 3 g/dm3. The
process was isothermal (t = 80'C) untilequilibrium state
was achieved(max 300 min).

Solutions were buffered with the system CH3COOH/
CH3COONa and pH value (pH 5) was checked with a
digital pH-meter.

2.2.1. Determination of relative exhaustion
Relative exhaustion (l) in relation to the solution be-

% dye on the fibre

equil ibr ium state
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fore dyeing was determined by dye solution absorbance
before dyeing (Ao) and after dyeing (46, and calculated
according to the equation:

, - (Ao-  &)x1oo  
l% l

Ao

Dye solution absorbance was measured on the spec-
trophotometer (Spekol 21, Slovenia) at time intervals 5,
10, 15, 20, 30, 45, 60, 120,180 and 240 minutes from
the beginning of dyeing, at the absorption maximum
wave length (), = 586 nm).

2.2,2. Determination of half-dyeing t ime
Half-dyeing time, 1,,, is time required for a fibre to ab-

sorb half the quanti ty of dye absorbed in equi l ibr ium
state. Half-dyeing time was determined by Bulton and
Riding graphic method (Fig. t)  [6].

2.2.3. Determination of relative diffusion coefficient
Relative diffusion coefficient D."r, was obtained from

the graphic presentation of the dye concentration gra-
dient in a fibre in dependence on the second time root.
According to Vickerstaf angle tangent square at any
point of the curve in time t represents relative diffusion
coefficient, and it is a measure of dye diffusion speed
into the fibre and of fibre permeability [7].

2.2.4. Fixation degree determination
According to Zol l inger [8],  real value of chemical ly

united dye is given by fixation degree, i.e. by the rela-
tion of the covalently united dye to the quantity of ex-
hausted dye. Fixed dye is the part of dye resistent to the
solvent. Removing of reversibly united reactive dye from
the polyamide fibre was carried out with the extraction
solvent pir idine-water 1:3, by direct boi l ing. Boi l ing t ime
was 30 minutes. The solvent was changed several
t imes unti l  uncoloured one appeared, thus solut ion ra-
tio of 1:80 was achieved. The amount of dye not united
chemically was determined on spectrophotometer.

3.  RESULTS AND DISCUSSION

Figures 2,3, and 4 represent exhaustion diagrams in
depedence on surfactants concentracion and dyaing
time, during f irst 60 min. of dyeing. l t  was noticed that
in the absence of sudactants, reactive dye adsorption
on polyamide was rapid. After 10 min. of dyeng exhaus-
tion was over 90 oh, and after 20 min. was complete.
Such a rapid reactive dye adsorption on polyamide can
be explained by highly elastic state of a fibre at dye so-
lution temperature of 80 oC. This state was character-
ized by high movabil i ty of macromolecule segments
which enabled dye adsorption and diffusion into newly
formed empty spaces of a f ibre. ln the presence of
nonionic surfactants FN-10 and FN-20 that can interact

vldkna a textil 8 (4) 254-256 (2001)

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0
t, min

Fig.2 C. L Reactive Blue 50 dye exhaustion on PA 6 in dependence
on FN-10 concentrat ion

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0
t, min

Fig.3 C. l .  Reactive Blue 50 dye exhaustion on PA 6 in dependence
on FN-20 concentration

o 10 20 30 40 uo,, 
,,nuo 

70

Fig.4 C. l .  Reactive Blue 50 dye exhaustion on PA 6 in dependence
on Etopon LSP concentration

with reactive dyes thus building associates [9], minimum
deceleration of dye adsorption onto the fiber occurs,
which indicates little efficiency of those surfactants in the
examined system. In order to-obtain noticeable changes
in dye exhaustion in comparasion to the system with no
additives, it is necessary to ad high concentrations of
nonionic surfactant exceeding concentrations usual for
auxi l iary  dyeing means.  lnef f ic iency of  nonionioc
surfactants can be explained by unstability of the built
associate dye/surfactant at increased temperatures,
and by the prevai l ing monoionic dye form that pen-
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Tablel Half-dyeing time (1.',2) and relative diffusion coefficient (D,"')

Additives, g/dm3 t172 (min) D,"t

No additives 2,40 5,04

FN.1O
2,86
3,09
3 , 1 6

creased. lt can be concluded that in the systems with
anionic surfactant, adsorption slowdown had greater
retarding influence on later dye diffusion into the fibre,
than when nonionic tensides vere used.

Table 2 shows fixation degree values for various dye-
ing times, calculated from the ratio between the fixed
dye and exhausted dye for the same dyeing time. Fixa-
tion degree increases with time, independatly on the
presence of additives. lt is also noted that the presence
of additives in a dye solution does not hinder dye-fibre
react ion,  because f ixat ion degree values in  the
equillibrium state are very close to one another.

4.  CONCLUSION

In the polyamide-reactive dye dyeing system, number
of potential reactions is increased by the addition of a
new component, which inf luences, depending on the
chemical composition of an additive, either the dye state
in a solution or the dyed substrate functional groups
state.

In the presence of nonionic tensides, rapid adsorption
is minimally decelerated, therefore conditions for even
colouration are not created. Accordingly, the conclusion
can be made that use of these substances in the sys-
tems in practice is unacceptable.

Polyamide dyeing with reactive dyes with the addition
of anionic surfactant is appropriate up to a certain con-
centrat ion area (1g/dm3), since colourations of high
evenness are obtained, the dye exhaustion degree is
high and the fixation degree is unchanged. Therefore,
surfactants are proved to have an active role in the ex-
haustion phase when they more or less decelerate the
process, while the mechanism of chemical bond crea-
t ion remains unchanged.
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0,4
1
3

4,91
4,73
4,60

FN-20
0,4
1
3

2,82
2,86
3,09

4,81
4,60
4,56

ETOPON LSP
0,4
1
3

5,25
8,72
15,50

4,60
3,39
1 , 8 3

etrates into the fibre. Addition of nonionic tenside, with
substantivity for the substrate, at the lowest concentra-
tion already decelerates dye transfer onto the fibre, and
at the concetration of 3 g/dm3 the process is almost
completely inhibited. The results obtained show the
unification mechanism of reactive dyes to polyamide.
The dye was obviously  uni ted f i rs t  to  the terminal
protonized amino groups, while anionic surfactant hin-
dered such unification in the dye exhaustion phase.

Lower adsorption speed in the presence of additives
influenced dye diffusion speed through the fibre, which
could be confirmed by determination of half-dyeing time
value and relative diffusion coefficient (Table 1). These
changes, too were dependant on the chemical compo-

Table 2 Dye f ixat ion degree C.l .  Reactive Blue 50 on PA 6
fibre in the presence of surfactants

Additives, g/dm3
Fixation degree

t  (min)
30 60 240

No addit ives 0,66 0,76 0,84

F N - 1 0
0,4
1
3

0,62
0,60
0,60

0,73
0,74
0,76

0,83
0,84
0,84

FN-20
0,4
1
3

0,60
0,62
0,61

0,72
0,74
0,73

0,83
0,82
0,85

0,4
ETOPON LSP 1

3

0,60
0,57
0,50

0,71
0,70
0,69

0,80
0,82
0,83

l2l
t3l

sition of an additive. When nonionic tensides were used,
hal f -dyeing t ime 1,4 to  2,4 t imes and when anionic
tenside was used it increased for more than 3 times.
There was an inverse proportion between half-dyeing
time and dye diffusion into the fibre, i.e. with the increase
in half-dyeing t ime relat ive dif fusion coeff icient de-
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DYEING PROPERTIES OF CHLORINE AND ENZYME
TREATED WOOL

Mangovska, B.

Faculty of Technology and Metallurgy, Skopje, Macedonia

A protease product Novolan L has been applied on the wool yarns in an attempt to improve
shrink resistance properties of the garments made of them. The same product has been applied
to yarns of chlorine treated top in an attempt to improve softness, handle and pil l ing resistance.
The influence of enzyme treatment on the exhaustion of two wool dyes with different structures
and different dyeing characteristics on untreated, chlorine treated as well as enzyme treated
yarns were studied. Half t ime of dyeing, activation energy of diffusion and apparent diffusion
coefficients were also measured as well as the saturation with three different dyes, acid, metal
complex and chrome. Chlorine and enzyme treated chlorine yarns have higher rates of dye
exhaustion and greater accessibil i ty for dyes than untreated and enzymatic treated yarns.

Keywords: wool, chlorine treated wool, enzyme, dyeing

INTRODUCTION

Several techniques are currently available to achieve
shrink resistance in wool, and a large number of meth-
ods have been reported as physicochemical antifelting
treatments, for example chemical modification of the
surface by softening the scales, lubricating with appro-
priate agents or the most common method, chlorine
treatment by the Hercosett process (1). This last-name
treatment with chlorine involves problems, witch are
becoming increasingly critical: high AOX values of the
eff luent and emissions of chlorin e (2) as wall as harsh
handle of the treated products (3).

Enzyme treatments are now presented as a very
in te res t ing  a l te rna t i ve  to  ch lo r ine .  Enzymes  a re
biocatalysts with selective and specif ic act ivi ty, ac-
ce le ra t ing  d is t inc t  reac t ions  and  rema in ing  un-
changed after the reaction. From an environmental
and economical point of view, the moderate reaction
parameters of enzyme-catalyzed processes and the
possib i l i ty  of  enzyme recyc l ing make enzymes par-
t icularly attract ive as catalysts. Today enzymes are
produced by b iotechnologica l  processes in  great
amounts of constant qual i ty, and they are therefore
applicable to large-scale processes. Advances in the
f ie ld  of  genet ic  engineer ing a l low enzyme manufac-
tures to design specif ic enzymes for specif ic proc-
esses (with regard to temperature stabi l i ty or an op-
t imum pH, for  example (4) .

A protease product Novolan L Novo Nordisck has
been applied on the wool yarns in an attempt to improve
shrink resistance propert ies of the garment made of
them. The same product has been applied on to yarns
of chlorine treated top in an attempt to improve softness,
handle and pi l l ing resistance (5).

Vtdkna a textilS (4) 257-262 (2001)

So it was interesting to study the exhaustion of two
wool dyes with different molecular sizes, and thus dif-
ferent dyeing characteristics, on enzyme treated wool
as well as chlorine treated wool. Dye exhaustion and
penetration are highly influenced by the level and type
of fiber modifications caused by previous wet process-
ing of wool.

MATERIALS AND METHODS

Wool yarns with linear densities of 36 tex x 2 are spun
in Teteks-Macedonia of untreated (not treated) and
chlorine treated tops with fiber diameter of 21,5 pm.. In
the text that follows marked, as (N) not treated and (Cl)
ch lor ine t reated yarns.  Chlor ine t reated wool  was
treated by IWS (CSIRO) chlorine process. Acid chlorine
treatment affects wool scales by making them easier to
deform which then decrease felt ing shrinkage. Wool
processed by this route meets the maximum Woolmark
specification for machine washability and may therefore
be used in the production of virtually any products irre-
spective of structure considerations such as cover fac-
tor or yarn count. The process of spinning was the same
for both tops. Characteristics of spun yarns are given
in  Tab le  1 .

Table 1 Characterist ics of Spun Yarns Declared by the Producer

Property Untreated Chlorine treated

Linear densi ly, tex
Cv, o/o

- 1

lwts ts ,  m
Tensi le strength, %
Elongation, %
Unifomity, %

35,2 x 2
1 , 2
240
4,9
1 6

1 3 , 9

35,3 x 2
1 , 1
248
4,3
1 3

10,2
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Table 2 Dyes Used in the Experiment

Commercial name Producer Characteristics

Palat in bri l l iant red BNK
Bemacid brilliant blue 2R (200%)
Bemacid black FWL
Bemaplex black C-R
Bezacron T

BASF
Bezema
Bezema
Bezema
Bezema

Leveling acid dye
Mil l ing acid dye
Mil l ing acid dye
1:2 metal complex dye
Chrome dye

Table 3 Effect of Enzymatic Treatment on Linear Density, Tensi le Strength, Elongation of Wool Yarns

Parameters of
Treatment

Linear density
Tex

Tensi le strength
N

Breaking
elongation, %

%
strength lost

(N) untreated
(N) 2% Novolan L
(Cl) chlorine treated
(Cl )  1% Novolan L

72,1
69,0
72,4
70,5

4,6
3,7
4 ,1
3,5

1 7 , 6
1 7 , 6
1 5 , 6
12,8

1 9 , 6
1 0 , 8
14,6

Enzymes

Novolna L, a protease product produced by modified
Bacillus Novo-Nordisk A/S was used in the experiment.

The commercial names and the producers of the used
dyes are given in Table 2.

Enzyme treatment

Prior to the application of enzyme, the wool yarns
were scoured for 30 min at 60'C in the package-dye-
ing machine (on cones) with 0,5 g/l Tinovetin lU (Ciba).
After scouring the wool yarns were rinsed with water
several times and immediately treated with 2% Novolan
L for (N) and 1%'tor (Cl) yarns in the presence of 1g/l
Subitol RNC (CHT) as surfactant at pH 8,5 (NHoCl and
NH4OH) for 30 min at 55 "C. As (Cl) yarn was already
chlorine treated, half of the concentration of Novolan L
was used in the hope to improve the softness, handle
and pill ing resistance. Treated yarns were cooled at
20 oC, rinsed and treated in hot water at 85 'C for 5 min
in presence of acetic acid at pH 4 to stop the enzyme
activity. Finally wool yarns were cooled down and rinsed
with cold water. Effect of enzymatic treatment on linear
density, tensi le strength elongation of wool yarns is
given in Table 3.

DYEING PROCEDURE

Dye exhausting for both (N) and (Cl) yarns were done
in Ahiba Turbomat 6TM laboratory dyeing apparatus at
a liquor-to wool ratio of 100:1 . Dye exhausting was fol-
lowed at 60 'C, 80 'C and 100 "C, in a bath containing
1o/o dye,10% sodium sulphate at pH 2 (for the level ing
acid dye) and 1 o/o dye, 2o/o ammonium sulphate, 1 g/l
Nonionik Ni at pH 7-8, (for the acid dye with inferior
migration properties. Dye bath samples were taken
every 15 min during the dyeing process and absorbency
measured at the wavelength of maximum absorption.
From a previously prepared calibration curves, the con-
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centration of the dye remaining in the dye bath was
calculated. Exhaustion

was expressed as the percent decrease in dye bath
concentration. (Equation 1 ).

Where E is exhaustion (%). Ao is the initial dye con-
centration and At dye concentration at particular time
intervals. Time of half dyeing was determined from the
equilibrium exhaustion curues and activation energy of
diffusion of dye in fiber was calculated from the equa-
t ion 2

ED

where t.,y, and ti,, are the times of half-dyeing at ab-
solute temperature T, and T2 respectively. The appar-
ent diffusion coefficient of tested dyes was calculated
from the equation 3.

were q and c- are the exhaustion of the dye at the time
t and at equi l ibr ium.

The degree of saturation of the enzymatic treated and
not treated wool yarns was determined by dyeing the
yarns with 4; 4,5 and 5% Bemacid black FWL acid dye,
3,5; 4 and 4,5o/o Bemaplec black C-R metal complex
dye and 4; 4,5 and 5% Bezacron black T chrome dye
by standard procedure. The degree of saturation was
examined on spectrophotometer Data color in accord-
ance of enzyme untreated yarns.

The washing fastness of  untreated and enzyme
treated woolyarns are tested by washing the sample of
dyed and white wool and cotton 30 min at 40 "C with

2,3R(log tt tz - togtl l r)

( 1 ). - A o - A ,
l -  - -

Ao

( t  1 )
l.r, 

- 
Aj

c1 W-  =  l -

c -  \ ,

(2)

(3 )
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5 g/l soap and 3 g/l Na2CO. in liquor-to-sample ratio of
100:1. After washing the sample was rinsed with water
and dried.

The rubbing fastness were tested by rubbing the dyed
sample with dry and wet cotton cloth on rubbing tester.

Results and Discussion

Figures 1 to 6 compare the exhaustion behavior of two
dyes for both (N) and (Cl) treated yarns as well as en-
zyme treated yarns at different temperatures. Examina-
tion of the figures indicated that dye exhaustion is gen-

100

/
I

c
-?
't-
{-

(N) untreated
(N) 2%Novolan L
(Cl) chlorine treated
(Cl) l% Novolan L

s

0 15 30 45 60 75 90 105 120 135 150 165 180

T ime (min)

Fig. 1 Sorption of Palatin brilliant red BNK on wool at 60'C

0 15 30 45 60 75 90 105 120 135 150 't65 180 195

Time (min)

Fig. 4 Sorption of Bemacid bril l iant blue 2R on wool at 60 "C

-o
i}

-t",1

-{-

(N) untreated
(N) 2% Novolan L
(CI) chlorine treated
(Cl) l% Novolan L

0 15 30 45 60 75 90 105 120 135 150 165 180 195

Time (min)

Fig. 5 Sorption of Bemacid brilliant blue 2R on wool at 80'C

o
-l}

{.r

{-

(N) untreated
(N) 2% Novolan L
(Cl) chlorine treated
(Cl)  l% Novolan L

Time (min)

Fig. 6 Sorption of Bemacid brilliant blue 2R on wool at 100 "C

erally more rapid for (Cl) than for (N) yarns at all test-
ing temperatures.

As we already know, dye sorption by wool cam be
considered a two-stage process: adsorption of dye on
the fiber surfa@, followed by diffusion of dye through the
fiber substance. The dye first permeates the inter-
cuticular regions, and from there diffusion into the non
keratinous regions takes place. As the dyeing procedure
continues, penetration occurs throughout the whole non
keratinous network of the fibers, and the dye finally
accumulates in the matrix and exocuticule (cystien-
reach proteins).

100

60

=
N
= 4 0

60

s
40

195

bU

s
40

60

s

60

s
+U

0 15 30 45 60 75 90 105 120 135 150 165 180 195

Time (min)

Fig.2 Sorption of Palatin brilliant red BNK on wool at 80'C

-O
-]
-ir
-&

(N) untreated
(N) 2% Novolan L
(Cl) chlorine treated

(Cl) l% Novolan L

0 15 30 45 60 75 90 105 '120 135 150 165 180 195

Time (min)

Fig. 3 Sorption of Palatin bril l iant red BNK on wool at 100 "C
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<> (N) untreated
-|- N) 2ToNovolan L

-F (Cl) chlorine treated
*A- (Cl) l7o Novolan L

(N) untreated
(N) 2% Novolan L
(Cl) chlorine treated
(Cl)  l% Novolan L
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It is well known that chlorine treatment disrupts the
fiber surface, damaging the fiber, and it can be assume
that it has removed the "surface barrie/'to dye diffusion,
so it is very easy for the day to penetrate in the fiber.
The results of following the tensile strength shown in
Table 3 proved this. The (Cl) yarn has 10,8o/o lower ten-
sile strength then (N). The chlorinated wool exhibits an
accelerating action on the dyeing rate. Greater differ-
ence in the exhaustion rate between chlorine and un-
treated wool was achieved with Bemacid Brill iant blue
2R milling acid dye showing the effect of the molecular
weight of the dye. Bemacid brill iant blue 2R, dye with
high molecular weight, needed more time and higher
temperature to reach penetrat ion equil ibr ium than
Palatin brilliant red BNK. The results are consistent with
similar obseruations made by various researchers. Most
of them have reported that shrink-resist treated wool
has an increased exhaustion rate, and also that exhaus-
tion depends on the dyes used (6).

Enzyme treatment of wool also increased the exhaus-
tion of Bemacid brill iant blue 2R more than Palatin bril-
liant red BNK though it had little influence on the ex-
haustion of chlorine treated wool. The increase is higher
at the lower temperatures of dyeing Fig. 1-6.

The wool fiber is covered with epicuticule of 2000
scales per cm' (4), next are the exocuticule and the
endocuticule covering the cells of the orthocortex and
paracortex, which are themselves composed of
medullar cel ls (separated by air-f i l led spaces). Ap-
proaching the core via the protein macro fibrils and mi-
cro f ibr i ls, at the end is molecular consistent of the
amino acids arranged within the space of the r ight-
handed alpha helix.

Since a protease is a large molecule, it was thought
not to be able to penetrate the fiber cuticule. Thus, it was
expected the attack would be limited to cuticular scales
with only minor deterioration in mechanical properties
being caused by the damage to the interior. Opposite
effect was noticed when wool was treated only with
enzymes (7). Some of the enzymes were infiltrated into
the molecular interstices between the scales and thus
destroyed the entire endocuticule. ln fact enzymes
catalyzed the degradation of different components of
wool fibers, making the reaction control difficult. Loca-
tion of the reaction on the surface of the fiber was fur-
ther improved by the use of anionic surfactants due to

Table 4 Time of Half-Dyeing (min)

Dye

Parameters

Palatin bri l l iant Bemacid bri l l iant
red BNK blue 2R (200%o)

Temperature ("C)

Table 5 Activation Energy of Diffusion of Dyes in Fibers (kJmol-1)

Parameters
of treatment

Pala t inbr i l l iant  Bemacidbr i l l iant
red BNK blue 2R

(N) untreated
(N) 2% Novolan L
(Cl) chlorine treated
(Cl) 1% Novolan L

35,4
13,7
20,4
1 0 , 3

40,4
2,7
28,9
20,5

Table 6 Apparent Diffusion Coefficent of Palatin Brilliant red BNK
and Bemacid bri l l iant blue in Wool Yarns (D x 102)

Dye
Parameters
of treatment

Temperature
fc)

60 80 100

Palatine
bri l l iant
red BNK

(N) untreated 1,5
(N) 2% Novolan L 3,2
(Cl) chlorine treated 1,9
(Cl )  1% Novolan L 2 ,4

4,1 4 ,7
4,9 4 ,7
4,3 4,4
4,7 4 ,4

Bemacid
bri l l iant
b lue 2R
(200T0)

(N) untreated 0,3
(N)  2% Novolan L 1 ,3
(Cl) chlorine treated 2,5
(Cl )  1% Novolan L 3 ,4

0 , 4  1 , 9
1 , 3  2 , 5
3,5 4 ,7
3,5 4 ,8

60 80
(N) untreated 12,0 5,0
(N) 2% Novolan L 6,0 4,0
(Cl) chlorine treated 9,0 4,5
(Cl) 1% Novolan L 6,0 4,5

100 60 80 100
3,0 42,1 27,0 9,0
3,5 15,0 12,0 7,5
4,0 g,o 7,0 3,0
4,0 6,5 6,0 3,0

their denaturing effect as a result of adsorption at
protonated amino sites what was shown in our previous
works (7,8).

The results of fol lowing the l inear density, tensi le
strength and elongation given in Table 3 indicated that
enzyme hydrolysis decreased the l inear density for
4,2o/o and tensile strength for 1 9,50h.

The rate of dyeing of enzyme hydrolyzed yarns with
Bemacid brill iant blue 2R at three tested temperature
are lower compared with the same on (Cl) yarns. No big
differences were noticed while following the exhaustion
of Palat in bri l l iant red BNK on (N) and (Cl) yarns prob-
ably due to the small molecular weight of the dye.

Half times of dyeing are given in Table 4. The results
of Table 4 indicate that the half time of dyeing depends
on the pretreatment process, temperature of dyeing and
nature of the dye. lt is 4,6 to 1,3 times shorter on (Cl)
then on (N) yarns dyed with Bemacid brill iant blue 2R
and Palatin brill iant red BNK respectably. lt decreased
with the increase of the temperature of dyeing and en-
zyme treatment and the decrease is lower on enzyme
treated (N) yarns at higher temperature of dyeing.

The activation energy of diffusion of dyes in (N) and
(Cl) yarns as well as enzyme treated (N) and (S) yarns
are given in Table 5. As the activation energy of diffu-
sion is determined from the time of half dyeing at tem-
peratures of dyeing the phenomenon of decrease is the
same as the phenomenon of t ime of half  dying. The
activation energy of diffusion of tested dyes decreases
with the enzyme treatment of the (Cl) and (N) yarns.

For natural fibers the nature of the functional groups
in the fibrous polymer and the permeability of dyes are
determined during growth. As a useful generalization,
however, fibers may be regarded as structures in which
there is a spread of molecular order ranging from highly
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Table 7 Colors Coordonate

Bemacid black FWL
'D. 'D" tDo oD"

Bemaplex
t D.- 'D"

blackC-R
tDo oD" c

Bezacron black T
t D,- 'D^ .Do

4,0
(N) untreated 4,5

5,0
4,0

(N) 2% Novolan L 4,5
5 ,0

0,1 -0,2 0,0
-1,0 -0,2 0,2

1 ,3  -0 ,3  0 ,0
0,8 0,0 0,3
0,0 -0,1 0,1

-0 ,6  0 ,0  0 ,1
-1 ,1  -0 ,1  0 ,5

1 ,1  -0 ,1  -0 ,1

1 ,1  -0 ,1  -0 ,1

0,8 0,0 -0,2

3,5
0,2 4,0
1 , 0  4 , 5
1 , 3  3 , 5
0,9 4,0
0,1 4,5

4,0
0,6 4 ,5
1 , 2  5 , 5
1 , 1  4 , 0

1 , 1  4 , 5
0,8 5 ,5

-0,1 0,2 0,5
0,1 0,4 0,4

-0,1 0,0 0,7
0 ,1  -0 ,1  0 ,9

-0,1 0,0 0,2

-0,5
-0,1
0,7
0 ,9
0,2

4,0
(Cl)  chlor ine 4,5

5 ,0
4,0

(Cl)1% Novolan L 4,5
5,0

0,0 -0,1 0,2
-1,0 -0,2 0,3
0,0 0,0 0,0

-0,8 0,0 -0,1
-0,3 0,0 -0,1

3,5
0,2 4,0 -0,2 -0,2
1,1 4,5 -0,5 -0,2
0,1 3,5 0,3 0,0
0,8 4,0 -0,1 0,1
0,8 4,5 -0,3 0,1

0,3 0,4
0,5 0,7
0,0 0,3
0 ,0  0 ,1
0,0 0,3

4,0
4,5 -0,9

5,5 0 ,4
4,0 0 ,7

4 , 5  1 , 0
5,5 -0,7

0,1  0 ,1  0 ,9
0,3 0,6 0,7

-0,3 -0,3 0,9
0 , 1  0 , 0  1 , 0
0 ,1  0 ,2  0 ,7

tD.- change in color ("+"l ighter; "-" darker) i  2D" - ("+"-redder,
color, D" = (D'" a Dtl + Dto)o'u

ordered crystalline domains to disordered amorphous
regions. The strength originates in the crystalline ma-
terial whilst the amorphous material provides the flex-
ibility, porosity and the regions generally accessible to
liquid, dyes and other reagents. The fiber properties,
including dyeing properties, vary depending upon the
relative degrees of order and disorder in the structure
(often described loosely as the crystalline/amorphous
ratio). The molecular al ignment in a natural f iber is an
inherent characteristics of the fiber and is for most prac-
tical purposes unalterable (9).llt was thought that sur-
face barr ier  to  d i f fus ion is  due to the sulphure-r ich
exocuticule (10,11,12). Recent results indicated more
precisely that the surface barrier refers mainly to the
highly cross linked keratinous proteins of the cuticule
and partly to the low cross finked nonkeratinouse pro-
teins, especial ly the cel l  membrane complex (CMC)
proteins. These also appear to be a barrier to the dye
diffusion, but with lower intensity than the keratinous

-" greener); tDo - ("*" - yellower "-" bluer); aD" - total change in

proteins. So, as the protective function of the
exocuticule is partly destroyed by enzyme treatment,
penetration paths for dyes were opened. Although the
reaction was intended to be located at the surface of the
fiber and modification of the cuticule, a whole-fiber at-
tack occurred fiable 3) additionally opening penetration
paths for dyes.

The apparent diffusion coefficients of tested dyes are
given in Table 6. The apparent diffusion coefficients of
Bemacid brill iant blue 2R at 60oC is 4,6 times higher on
(S) than on (N) yarns. Additionalenzyme hydrolyses did
not have larger influence on the increase of the diffusion
coefficient. Enzyme hydrolysis of (N) yarns increased
the diffusion coefficient of Bemacid brill iant blue 2R for
3,8 to 1,3 t imes depending on the temperature of dye-
ing.

The degree of saturation of acid, metal-complex and
chrome dyes on enzyme treated (N) and (Cl) yarns are
given in Table 7. The change in the color was tested in

Table 8 Washing Fastness of Bemacid black FWL, Bemaplex black CR and Bezacron Black T

Wo
4
4
4
4

4,Ooh 4,5%
Co Wo Co Wo

5 3 4 5 3 4
5 314 415 5 314 415
5 3 4 1 5 5 3 4
5 3 4 1 5 s 3 4 1 5

5,0%
Co
3
3
3
3

5
5
5
5

Bemacid b lack FWL

(N) untreated
(N)  2% Novolan L
(Cl) chlorine treated
(C l )  1% Novo lanL

3,5% 4,00h 4,5%
Co Wo Co Wo Co Wo
4 1 5 5 5 4 1 5 5 5 4 1 5 5
5 5 5 4 1 5 5 5 4 1 5 5
5 5 5 4 1 5 5 5 5 5
5 5 5 4 1 5 5 5 4 1 5 5

Bemacid b lack CR

(N) untreated 5
(N) 2% Novolan L 5
(Cl) chlorine treated 5
(Cl )  1% Novolan l  5

Bezacron black T

(N) untreated
(N)  2% Novolan L
(Cl) chlorine treated
(C l )  1% Novo lanL

5
5
5
5

4,00h
Co
4

415
4ls
415

4,50/o
Co
314
314
314
314

5,Ooh
Co
314
314
314
314

Wo
4ls
4ls
4ls
4ls

Wo
4ls
415
4ls
415

Wo
4ls
415
4ls
4ls

5
5
5
5

5
5
5
5
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Table 9 Rubbing Fastness of Bemacid black FWL, Bemaplex black C-R and Bezacron black T

Parameters
of treatment

Concentration
of the dye

Bemacid black
FWL

4,0o/o 4,5% 5,0%

Bemaplex black
c-R

3,5o/o 4,0o/o 4,5o/o

Bezacron Black
T

4,5o/o 5,5%4,Qo/o

415
213
415
4ls

314
314
4

314

4
4

415
415

4
213
415
4

415 4 314 415
4 314 3 314

415 415 4 415
4 4 3 1 4 4

Dry rubbing
4

213
415
4

(N) untreated
(N) 2% Novolan L
(Cl) chlorine treated
(Cl) 1% NovolanL

213 314 3 3
112 314 2 2
2 3 2lS 213
2 314 3 213

314
2

213
213

Wet rubbing
213
2

2ls
23

3
2
3
2

314
2le
3

213

(N) untreated 314
(N) 2% Novolan L 3
(Cl) chlorine treated 314
(Cl )  1% Novolan l  3

accordance of untreated (N) or (Cl) as reference. lt is
obvious that enzyme treated (N)yarns have low degree
of saturation of the three tested dyes (positive Dl val-
ues). In fact after enzyme treatment a higher concen-
tration of dye is needed for dyeing in the same hue as
for untreated fiber.

Washing fastness of three tested dyes are given in
Table 8. Washing fastness of three tested concentra-
tions are almost the same and are in accordance with
the nature of the used dyes. They are highest on yarns
dyed with Bezacron black FWL. The dry and wet rub-
bing fastness (given in Table 9) decreased with the in-
crease of the concentration of the tested dyes due to the
surface held dye.

CONCLUSION

r The speed of dyeing of wool yarns depends on the
pretreatment process, temperature of dyeing and
the nature of the dye. lt is highest on the chlorine
enzyme hydro lyzed than on chlor ine,  enzyme
hydrolyzed and untreated wool.

o The half time of dyeing decreased with the increase
of the speed of dyeing.

o (Cl) and (Cl) enzyme hydrolyzed wool have grater
and enzyme hydrolyzed (N) yarns have lower ac-
cessibility for tested dyes.

. Enzyme hydrolyzed wool can be dyed on lower
temperature than hydrolyzed.
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OBJECTIVE EVALUATION OF SEAM PUCKER BY IMAGING
ANALYSIS

Glombfkova, V., Halasovd, A., Striebornd, A.

Technical University of Liberec, Textile Faculty, Liberec, Czech Republic

Objektivna met6da hodnotenia vrdsnenia Svov vychddza z obrazovej analyzy zosnfman6ho
obrazu zvr6snenej texti l ie a vytvorenf intervalov p.re jednotliv6 stupne zvrdsnenia.

Prvlm krokom je nasnimanie obrazu profi lov vln od zvrdsnenia v tesnom okoli (blizkosti) Svu
a v kraj i  meranej  text i l ie.  .V programe Mat lab je obraz prevedenf do mat ice,  hodndt,  ktor6
charakterizuje geometriu vln vrdsnenia texti l ie vo forme rozloZenia min(m a maxim vln vr6snenia.
Z t fchto noindt je moZn6 jednoduchfm prepodtom ziskat bl iZ5ie informdcie o d[Zke, podte
a vzdialenosti jednotlivfch vln nielen v tesnej blizkosti Svu ale aj o vplyve ich rozkladu smerom
od Svu k okraju texti l ie.

The objective method of evaluating seam puckering is go out from imaging analysis of puckering
fabric scanning image and the creation of the intervals for the single puckering degrees.

The scanning image of the puckering wave profi les near seam and on the edge of measured
fabric is the first step. The image was subsequently transformed into matrix in program MATLABTM,
which characterized wave geometry of puckering fabric in form distributions of puckering waves
minimum and maximum. By single count is possible get fur ther informat ion about length,  number
and distance of single waves in near seam and about influence of their distribution from the
seam to the edge of fabric too.

INTRODUCTION

The high quality of the goods is basic condition of their
saleability. To the quality of goods is projected not only
quality of single material also quality of production proc-
ess too. The seam puckering has the important (gen-
erally negative) influence on finish aesthetic value. The
all factors entering to the sewing process (sewing ma-
terial,  sewing threads, sewing technique, . . .)  are share
in seam puckering.

The seam puckering represents expressive decreas-
ing of aesthetic value and quality of cloth. lt is important
know causes of puckering creations and possibilities of
removing or reduction of this phenomenon. The foun-
dation stone of reduction this undesirable phenomenon
is possibility of fast detection of rising puckering by form
effective evaluation of smoothness or puckering of seams.

Under idea seam puckering understands bigger or
smal ler  deformat ion of  sewing seam, which show
warped of one or more layers of sewing material. The
problem of seam puckering is make itself felt generally
on delicate cloth with smooth surface, close sett and
firstly on cloth made from endless man made fibers.

The seam puckering is making it felt during wearing,
after cleaning or dry cleaning, ironing.

The contraction of one or more sewing layers is char-
acteristic for seam puckering. Can come on the situa-
tions, when the puckering - seam deformation - mak-
ing it felt after sewing without contraction of layers of
sewing material,  alternatively the puckering can be
making it felt than, the one layer is elongate during sew-
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ing. But the size of elongation of one or more layers
hasn't direct relation to the pucker size. The puckering,
incurred by textile structure and some others factors,
doesn't need appear in seam line in some cases.

In this time the methods of subjective evaluation of
seam puckering on the base comparison with photo-
etalons are archaistic and it's need substitute them by
new, objective evaluation system, which must be sim-
ple, fast and price available.

The one of the possibilities, how objective evaluate
seam puckering, is using of the image analysis for the
scanning and processing of puckering fabric image and
its post processing by program accessories MATLAB.
In this way was determined the single intervals for the
corresponding puckering degrees. Finally was making
comparison of both methods of evaluation by objective
method with help imaging analysis and by subjective
method with photo-etalons.

EXPERIMENT

The experiment work in image analysis intent on de-
termination of objective method of evaluates of seam
puckering by image analysis run in steps referredto the
next scheme.

The sample preparing and setting of optimal condi-
tions of measure must go before the own image scan-
ning. Because the method of seam puckers evaluating
go out of measure puckering wave profiles near the
seam and on the edge of fabric, the sample must be
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TRANSFORMATION

SEGMENTATION

MEASURING

DATA EVALUATION

INTERPRETATION OF RESULTS

Fig. 1 The scheme of work in image analysis.

modify. This step is making by the cutting of fabric sam-
ple 5 mm by the seam line.

It is need create the optimal contrast between scan-
ning fabric and background by the suitable lighting. The
scheme organization of image analysis work place is
shown on fig. 2.

After scanning puckering sample image was making
transformation of the color image into binary (fig. 2.) and
resul t ing image was processing by program
MATIABrM. The output in form two column vectors rep-

Fig.2 The scheme organization of image analysis work place.

resented values of "distances" (measured in interval
1 mm) profiles both waves from the given edge (fig. 2.).
By convert ing was got the information about length,
number and distance of single waves

- near the seam (cca 5 mm) (.)
- on the edge of fabric sample (**)
By this way were scanning the single degrees of

seam puckering (etalon) and next the "graphic etalon of
puckering", represent this degrees of seam puckering,
was determined.

In next phase of experiment the data was scanning
and calculating from the puckering samples from plant.
The corresponding degrees of puckering were deter-
mined by the. The comparison of single puckering sam-
ple with "graphic etalon of puckering" is show in fig.4. The
all samples, evaluated by the "graphic etalon of pucker-
ing", were evaluated by classical photo-etalon too.

Etalon # 4, sample # 22 (weftl

" 
':;'J,"',::J;J 

"' 
221 241 261 281 3o1

Fig. 4 The comparison of single puckering sample with "graphic
etalon of puckering".

CONCLUSIONS

The both data sets were tested by suitable statistical
methods on agreement of two linear models. The result
of Chows test validated hypothesis about agreement of
two l inear models. On the base of this result is possi-
ble substitute evaluating by the classical photo-etalon
by the method of evaluating by the image analysis and
MATl.AB.

In next research works the authors will try determined
the amplitudes coefficients of single waves by the Fast
Fourier Transformation. The degree of puckering on
evaluated sample will be determined by comparison with
intervals of amplitudes coefficients of "etalon waves".

This research was arise with hetp of research intention USmf
e a - ust,t  244 1o 1 1 13 and Aee n - psoTEx 1326/106/99/1 184.
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APPARATEUS FOR PULLING MEASUREMENT OF FABRIC
AT RUBBERIZING

Hurta, F.

Departament of Cybernetics, Univerzsity of Trendin

Described method of pull ing regulating of rubbered fabric is based on principle of pneumatic
prestress of tensioning roller imprinted to rubbered fabric by power of two pneumatic rollers with
change of piston extension in electrical regulating signal. Obtained electrical signal is arranged
in secondary analog signal 0-10 V by processing in pilot computer. lt attends as required value
for automatic control of pull in batching roll, independently on its expanding mean. lt also attends
for projection of real value of pull in fabric in central display.

Technical fibres and fabrics have significant case in
technology of rubber produce and attend as anchor pro-
tecting materials for skeleton and foot of tyre shell and
skeleton of conveyer. They affect functional attributes
of tyre shell, especially safety and comfort of driving.
They significantly affect the lifetime of product. Cords
cover 11,6% from the whole material usage for tyre
shell ,  or conveyer.

Rubberizing of various kinds of fabrics for noticed
products is general i t ly made through four-cyl indrical
rubber ing l ine.  Substance is  in  ro l l ing of  separate
threads in fabric by elastic rubber mixture and in gen-
eration of continuous protecting rubber layer. From all
physical quantities, e.g. moisture, temperature, thick-
ness of rubberizing, and so on , it is necessary to sup-
pofi specified pulls of cord between separate segments
of l ine at rubberizing.

Technical  descr ip t ion of  pul l ing measurement

Uprolling bench of two rollers is completed by drop
rol ler, imprinted to rubbered fabric by power of two
pneumatic rollers F2 (fig. 1). Power F, originates through
the activity of uprolling machine, or drawing rollers. Di-
mension of pul l  binges on pressure of air,  supplied un-
der the piston of drop roller. Motion of roller piston is
transmitted in electrical regulating signal for control of
appropriate draw bench. Apparatus works right, if the

R

drop roller circulates with minimal errors round mean
value of piston extension.

There wil l  be balanced state, i f  the condit ion 2F,
sin g = F2 will be met.

lf the condition F2: conStant will be met.
The angle is function of force vector g : f(Fr).

Fig.2 Vector play of forces

When the force vector F, deepens by AF,, the angle
of deviation e decreases, in order, that the balance of
forces will be maintained (fig. 2).

Angle A9 is transferred towards piston extension by
l/. Piston extension l/ is changed in electrical signal in
probe. Electrical signal is processed in secondary ana-
log signal 0-10V in pilot computer for recording of real
value of pull in central display. lt also attends for auto-
matic control of pull in batching roll, independently on
its expanding mean.

Total arrangement of measuring apparatus is il lus-
trated on the fig. 3.

Applied components for real izat ion of case

Tyre componenfs with application of inductive trans-
ducer
- Two pneumatic rollers DNU-50-160-PPV-A
- Pressure reducing valve with filter LFR-1 l4S-7-B

with manometer

x
\q T A,/
F\ I . /  F ,'  \ t . /

CORD

Fig. 1 The activity of press roller
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OPERATING POSITION

m ml

- r 0 1 2 3 4 5 6 7 8 9 1 0

-- pressure extent (bar) ---+>

Modulus of binary inPuts and
outputs E. FEA 88
Package of memories RAM
and EPROM
Four - line display E. BEA- 4

B. Measuring apparatus with appli-
cation of pressure sensor

Real  va lue of  Pul l  is  scanning
by  pneumat i c -e lec t r i ca l  con-
ver te r  FESTO SDE-10-10V/
20mA w i th  ana log  ou tpu t .
Measuring pressure is transmit-
ted towards Piezoelement with
he lp  o f  s i l i cone  laYer .  P iezo-
element creates electr ical sig-
n a l ,  w h i c h  i s  l e d  i n  t h e  P i l o t
computer  as vo l tage s ignal ,  or
current  s ignal  bY gain ( f ig .  4) .

The case was realized and Prac-
t ica l ly  tested in  technologic  pro-
duct ion apparatus.  The tests  of
apparatus proved abi l i tY of meas-
urement and regulat ion of tensi le
force in fabric at rubberizing. The
tests brought  excel lent  resul ts .
Metro logica l  dePartment  of  com-
pany  i ssued  wr i t ten  agreement
about ability of apparatus. Appara-
tus also can attend for various aP-
pl icat ions in industrY.

\ _ i
I

3 x S D E - 1 0 -  - > - - - - l

l 0 v / 2 0 m 4  _ . _ - - _  _ _ i l

FRoM PULL l.-  I I I .  ->- - -  -- ' r ! l
l l l

FPC 404

REGULATING SICNAL

0 - l 0 v
FOR COILER DRIVE

Ai:
! l :
A t .
3 r o

i . 8
D 6
l l
l 2

l o

t';
$ o
B 5

2 n

i1
l r

l o - 1  0 1 2 3 4 5 6 7 8 9
a.- ptessure exrent (bar) ----+

Fig. 4 Characteristics of pressure sensor SDE-10-10 V/20mA

- Two inductive transducers with analog output lA
8-30GM-13

- Locking electrovalve MFH'3-114
- Control system FPC 404
- Central unit E. FZE
- Shell modulus for analog signals E. EIN-W

Used literature

t1l Gvozdjak, L.- 8o156, M.- Vitko, A': Basic Cybernetics' Alfa'

Bratislava 1990.

lng. Ferdinand Hurta, PhD'

Dotnd Kodkovce 331/38, 020 01 P1chov, Slovak republic

Fig. 3 Pulling measurement of fabric at rubberizing
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SPRACOVATEINOST KONCENTRATOV ORGANICKVCH
PIGMENTOV PRI PIGMENTACII SYNTETICKVCH VLAKIEN

V HMOTE

Marcincin, A., Ujhelyiovd, A., Zemanova, E., Marcindinovd, T.

Fakulta chemickej a potravindrskej technoligie, S/ovenskd technickd univerzita vBratislave,
Radtinsk6hont6:;i:i,:'3'/ii.,if 

;,il#Ti,kdrepubtika

Ctanof je venovanf 50. 4irociu zaloZenia Specializdcie vldkien a textilu na Fakulte chemickej
a potravindrskej technol6gie, Slovenskej technickej univerzity v Bratislave.

1. Reologick6 vlastnosti  farebnfch disperzt i

V na5ich prdcach pri St0diu reologickfch vlastnosti
pigmentoWch disperzii sme aplikovali niektor6 empiric'
k6 vztahy odvoden6 pre nenewtonovsk6 kvapaliny
a dal5ie odvoden6 v5eobecne pre suspenzie (pre ter-
n6rny heterog6n ny syst6m polym6r-pig ment-d ispergA-
tor je vhodnej5i vyraz,,disperzia").

Vldknotvorn6 taveniny polym6rov ako aj disperzie or-
ganictqich pigmentov v polym6roch sa chovajI pri Smy-
kovom toku ako neneMonovske, pseudoplastick6 kva-
pal iny. Reologick6 vlastnosti  disperzi i  tuhfch castic
patria k frekventovanlim prdcam v periodickej literatf-
re i v monografidch, avSak vo vdd5ine pripadov bez as-
pektov spracovatel'nosti v I'ubovol'nom procese [1 , 19,
231. Aplikdcia vybranlich reologicklich vztahov pre vy-
hodnotenie zdvislosti medzi Smykonim napdtlm a Smy-
kovou rlichlostou, viskozity od koncentrdcie tuhlich cas-
tic a Smykonich velidln, a d'al5fch , ukilzala Ze niektor6
koeficienty v tlichto rovniciach moZu kvantifikovaf. vz6,-
jomn6 interakcie a m6Ze sa im pripisat fyzikdlny vf-
znam. UZ Ostwald de Waeleov model, znAmy ako moc-
nino4i zAkon vyladruj[ci zdvislost Smykovej nichlosti od
Smykov6ho napdtia, poskytuje tri koeficienty: n (index
pseudoplastici ty),  rs (podiatodn6 Smykov6 napdtie)
a k (koeficient) [9, 20, 21,241.

Tokov6 krivky, viskozita disperzie
Tokov6 krivky disperzif pigmentov maj0 komplikova-

nej5itvar ako taveniny polym6rov a 6asto sa skladaj0
z niekolkfch 6astis rozdielnou odchflkou od neMonov-
sk6ho toku v zdvislosti od koncentrdcie pigmentov a od
Smykovfch podmienok. Index pseudoplasticity so st0-
pajucou koncentrdciou pigmentu v PP prudko klesd
napr .  z  hodnoty 1,0 na 0,2pre C.  l .  P igment  Red 144
priS%, pre C. l .  Pigment Green 7 pri7% a pre C. l .  Pig-
ment Yellow 95 pri 11%. Tento parameter charakterizu-
je takto okrem in6ho atraktfvne sily medzi dasticami pig-
mentu a ich zmenu pr i  Smykovej  deformdci i  [20] .
Pociatocn6 Smykov6 napdtie re predstavuje tieZ dole-
Zitr.r ch arakteristi ku koncentrovanf ch d isperzi I pi g m en-
tov a je 0mern6 adh6znym vdzbdm medzi casticami
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pigmentu v disperzilv stave pokoja 121,251. So zvy5u-
jfcim Smykovyim napdtlm dochddzapri rs k poru5eniu
Struktfrnej siete a k toku disperzie. Dal5ie zvy5ovanie
Smykov6ho napiitia m6,za ndsledok dezintegrAciu a zA-
nik vdzieb medzi casticami, mieru ktor6ho odr62aindex
pseudoplasticity.

Viskozita disperzie zdvisiod objemov6ho zlomku pig-
mentu a od tvarov6ho faktora, ktory charakterizuje asy-
metriu a 6lenitost povrchu pigmentov. Tvar dastic v dis-
perzi i  je def inovan;i  tvarovf m koef icientom
v Einsteinovej, Mooneyovej a Cassonovej rovnici 126,
271. Pri nizkej Smykovej nichlosti tvaroni koeficient je
ovplyvnenf tuorbou povrchor4ich vrstiev a labilnej Struk-
t[rnej siete. Len pri extr6mne vysokfch Smykovlich de-
formdcidch moZno predpokladat, Ze tieto javy bud0 po-
tlacen6 na minimum. Preto pre prav6 hodnoty tvaro4ich
koeficientov je potrebn6 v reologickych vztahoch pouZi-
vat viskozitu, ktord sa urcila extrapoldciou na,,nekoned-
n6" 5mykov6 napdtie [28]. Extrapoldcia je jednoduchd,
pretoZe zdvislost viskozity od prevrdtenej hodnoty Smy-
kov6ho napdtia pre disperzie je jednoznacne linedrna
v Sirokom rozsahu velidin. Smernica tejto zdvislosti je
spojend s nenewtonovskfm chovanim sa disperzii a je
vel'mi citlivd na zmeny labilnej Struktfrnej siete pigmen-
tovfch dastic.

V na5ich prdcach sme tejto smernici pripisalirnj'znam,
ktoryi kore5ponduje so schopnostou pigmentu vytvdrat
vzdjomn6 adh6zne vdzby (aglomerovat) pri poklese
Smykov6ho napdtia (koeficient aglomeraicie). V dal5ich
prdcach sa reologick6 chovanie pigmentovych disper-
zi i Studovalo na zdklade zdvisl osti viskozity d isperzie od
Smykouich velicfn odvodenlich Cassonom a Crossom
127,291. V tfchto vztahoch vystupuj0 koeficienty, kto-
16 kore5pondujri s adh6ziou pigmentovfch castic. Vy-
hodnotenim \ichto parametrov v reologiclqich vztahoch
sa ziskali informdcie a zAvery o interakcidch medzi zlo2-
kam i d isperzn6ho syst6m u polym6r-pigment-dispergd-
tor, najmd o aglomemcnej schopnosti pigmentovfch
castic a o pevnosti fyzikdlnych vdzieb pri aglomerdcii
pigmentu. Tieto interakcie bolivyhodnoten6 tak v zdvis-
losti od chemickej stavby pigmentu v cistom polyoleff-
ne bez dispergatora ako aj s dispergdtorom.
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Reologick6 parametre
V prdcach [2, 9, 25, 30]je anallza reologickrich vlast-

nostf disperzie reprezentantov zakladnych skupfn orga-
nickfch pigmentov a sadzfv oligom6rnom polyoleffne,
s vyuZitlm Ostwald de Waeleovej, Einsteinovej,
Mooneyovej a Cassonovej rovnice. Analyzovali sa dis-
perzie diazokondenzacn6ho C. l. Pigmentu Yellow 95,
antrachinonov6ho C. l. Pigmentu Red lTT,tlalocyani-
nov6ho C. l. Pigmentu GreenT a sadzi C. l. Pigment
Black 7 v polypropyl6novom oleji PP K 1000. Z analy-
zy Wplft4 2e samotn6 pigmenty sa chovaju v parafi-
nickom prostredi vel'mi rozdielne. Diazokondenzacnf
pigment a sadze maj0 siln0 tendenciu aglomerovat
a vytvdraf sietov0 Strukt0ru v disperzii. Vlisledkom de-
zintegrdcie pri vysokfch Smykovfch rfchlostiach s0
dastice relativne mdlo asymetrick6ho tuaru s malou dle-
nitostou povrchu. Rozdiel medzi nimi je v hrribke imo-
bilnej povrchovej vrstvy polyoleflnu, ktord je podstatne
vdc5ia pri sadzdch (vysokyi objem disperzn6ho prostre-
dia viazanf na povrch castic). Disperzie ftalocyamino-
v6ho a antrachinonov6ho pigmentu v PP K 1000 vyka-
zuju niZ5iu odchflku od newtonovsk6ho toku oproti
prwm dvom pigmentom a podstatne niZ5iu tendenciu
k aglomerdcii a k tvorbe labilnej Strukt0rnej siete. Vyso-
kd asymetria dastfc pri C.l. Pigmente Red 177 a vyso-
kd afinita sadzf k polyolefinu (tvorba silnej povrchovej
vrstvy) sposobuju r4iznamn6 zui5enie viskozity disper-
zie.

V d'al5ich na5ich prdcach sa Studovalvplyv Struktr.rry
pigmentu na reologick6 vlastnosti disperzie. Pre rozdiel-
nu nadmolekulov0 Strukttiru pigmentov sa na5li rozdiely
vo v5ettoich reo log iclqich parametroch vyj ad ruj 0cich ag -
lomeradnti schopnost dastic pigmentov a adh6zne
viizby medzi casticami. Vfsledky niektoryich prdc v5ak
poukazujI na rozdiely ajv \ichto parametroch. Naprik-
lad koeficient v Cassonovom vztahu vyjadrujtici ener-
giu potrebnf na dezintegrdciu castfc nekore5ponduje
s parametrom aglomerdcie.

Kaldy z parametrov vystupuj0cich v reologickfch
vztahoch reprezentuje prispevok tvaru pigmentu , vza-
jomnlich interakcif zloliek a s tf m spojenfch zmien
v Strukttire disperzie k jej tokovyim vlastnostiam. Na
zdklade qisledkov na5ich prdc je moZn6 kon5tatovat,
Ze vySSie hodnoty parametrov vyjadrujucich schopnost
pigmentoWch dastic v modelovej disperzii tvorit labiln0
Strukturnu siet maju negativny vplyv na stupei disper-
zity pigmentu v polypropyl6ne, na jeho spracovatel'nost
a tieZ na farebnu silu pigmentu v disperzii i v polypropy-
l6no4ich vldknach 19, 20, 24, 30-321.

V trojkomponentom syst6me tieto parametre vyjadru-
j[ tieZ prispevok dispergdtora k aglomerdcii pigmentu
a ich vySSie hodnoty nemaju negatlvny vplyv na fareb-
nu silu pigmentu v PP vldknach. Vaic5ina dispergdtorov
v syst6me polypropyl6n-pigment zniluje viskozitu dis-
perzie aZpri vySSej koncentrdcii (optimdlnej), co sa pre-
javipozitfvne na spracovatelhosti i na farebnej sile vy-
farbenfch vldkien [2, 3, 16].
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2. Fi l trovatel 'nosf koncentrovanfch disperzi i
a jej  vplyv na relat ivnu farebn0 si lu vl6kien

Poslednd filtracia pri priprave vldkien je na zvldkno-
vacej hlave a md za ulohu odstrdnit chemick6 i tyzikal
ne nehomogenity z polym6ru azdrovei md plastikac-
nyi efekt na polym6rnu taveninu pred extruziou cez
kapilary hubice. Okrem toho tok polym6ru cez s0stavu
filtrov md tieZ efekt homogenizacnf.

Zhor5enie filtrdcie disperzie pigmentov v technologic-
kom procese vplyvom zachytenia tuhfch castic na filtri
na5lo svoj odraz v metode hodnotenia dispergovatel-
nosti pigmentov i spracovatelhosti koncentrdtov a fareb-
nyich disperziina tom istom princfpe. Povodne tato jed-
noduchd met6da sa zadala pouZivat na stanovenie
stupfia disperzity pigmentov, pridom sa predpokladala
priamo 0mernd zdvislost medzi priemernou velkostou
dastfc a aglomerdtov a ich schopnostou transportu cez
otvory filtracn6ho materidlu (kovov6 sita). Vzhl'adom na
nejednotnost zariadenf doteraz nie je ujednotend me-
toda filtrovatelhosti a prakticl<y kald,i r4irobca a spraco-
vatel'pigmentov md tfto metodu modifikovanu podl'a
svojich znalosti, avSak v5etci bez rozdielu ju povaZuju
za primArnu pre hodnotenie spracovatel'nosti. Konven-
dnf pojem,,filtrovatelhost' vyladruje prirastok tlaku pred
filtrom na jednotku prefiltrovan6ho mnoZstva pri defino-
vanej geometrii fi ltra i ostatnyich podmienkach filtrdcie.

V naSich podmienkach sa definovali parametre nere-
zov6ho sita 16 000 otvorov/cffi2, s kruhor4im prierezom
s priemerom 15 mm, teplota 250 'C pre PP nosid, pri
kon5tantnom objemovom prietoku taveniny a obsahu
pigmentu 5 % hmotnostnych. Boli urcen6 hranicn6 hod-
noty tlaku 10 MPa a filtrdtu 2 kg [9, 20, 33, 34]. Tdto me-
todika je ndrocnd na zariadenie (extrfder) ako aj na
prfpravu vzoriek a ich zhodnotenie.

V naSich prdcach sa zistila analogia medzi chovanfm
sa pigmentovfch castlc vo vysokomolekulovom polyp-
ropyl6ne a oligom6rnom PP oleji s rddovo niZ5ou visko-
zitou. Vfsledky hichto pr6c poukAzali na skutocnost, Ze
filtrdcia pigmentovlich disperziI je dynamickyi proces
r4iznamne zdvisl;i od nichlosti filtrdcie, od koncentrdcie
pigmentu atiel viskozity prostredia. Na5la sa linedrna
zdvislost medzi filtrovatelhostou disperzie vo vysoko-
molekulovom polypropyl6ne a polypropyl6novom oleji,
do vfznamne zjednoduSilo hodnotenie pigmentov a to
aj malfch vfvojovlich vzoriek, 6o povodnd metoda
neumoZiovala 12,9,35-371. Bol vyvinu\i a skon5truo-
vanli laboratorny prfstroj na meranie filtrovatelhosti pig-
mento4ich disperzii a metoda pre hodnotenie disper-
gacnej ticinnosti aditiv [35].

Metoda stanovenia filtrovatelhosti vyZaduje filtrdciu pri
kon5tantnej 4ichlosti. V pripade 2e koeficient zachyte-
nia castfc je vel'mi malyi, moZe sa o procese filtrdcie uva-
Zovat ako o toku disperzie cez kapildru viskozimetra,
kde kapildru reprezentuje suma otvorov filtradn6ho si-
ta. Tdto anal6gia bola in5pirdciou pre hl'adanie zdvislosti
filtrovatelhostiod rozmerov a mern6ho povrchu pigmen-
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tovfch castic 14, 5,61 a od reologickfch charakteristik
disperzie 19,24,321. Ako vel'mi doleZitd sa v naSich pra-
cach naSla nepriamo 0mernd zdvislost relatlvnejfareb-
nej sily PP vlakien od filtrovatel'nosti [2, 6] a od reolo-
gickfch parametrov koncentrovanyich disperzi i
pigmentov [4, 9, 31, 32]. balej sa na5la priamo rimer-
nd zdvislost stupna disperzity pigmentov vyjadrend rela-
tivnou farebnou silou od dasu dispergdcie pre s6riu pig-
mentov v PP [6]. Pri dlhom 6ase dispergdcie vSak niektor6
pigmenty vykazuj0 zhor5enie filtrovatelhosti napriek vy-
sokej farebnej sile. Potvrdzuje to zdvislost filtrovatelhosti
od mern6ho povrchu, kde v5eobecne moZno predpokla-
dat, 2e tdto zdvislost prechddza maximom [4].

Z \ichto zdvislostf vyplfia predpoklad,2e filtrdcie dis-
perzil organickrich pigmentov sa uskutodhuju dvomi me-
chanizmami, a to upchdvkovyim mechanizmom, kde
velk6 pevn6 aglomerdty a agregdty pritomn6 v disper-
zii sposobuj0 postupn6 upchdvanie otvorov filtracn6ho
materidlu a ich postupnd dezintegrdcia vedie k zlep5e-
niu filtrovatel'nosti a mechanizmom zachytenia castic
a vzniku aglomerdtov v otvoroch filtracn6ho materidlu
pri vysokom stupni disperzity a pri vysokom mernom
povrchu pigmentov. Bez ohladu na mernli povrch pig-
mentov, ich disperzie vykazujri rovnakri priamo 0mer-
n0 zdvislost filtrovatel'nosti od viskozity disperzie pri
konStantnej Smykovej ryichlosti [30-32].

O pt i m a I i zilcia c h e m i c k 6ho zloile n i a a ko nce n t 16 c i e
disperg6tora

Na zdklade aplikdcie vypracovan;ich metod a zhod-
notenia vfsledkov experimentdlnych prdc boli postup-
ne optimalizovan6 chemick6 zlolenie, molekulov6
hmotnost i koncentrdcia dispergdtora pre pripravu kon-
centrovanlch d i s pe rzii pr e f arben i e po lypropyl 6nonich
vldkien v hmote. Vfsledky hichto prAcukAzali na vysoku
selektivitu interakcii pigment dispergdtor azdrovei na
moZnost hl'adania dispergdtora s univerzdlnymi disper-
gadnfmi charakteristikami. Podl'a selektlvnosti interak-
ciiboli pigmenty a dispergdtory rozdelen6 do troch sku-
pin: polyoxyalkylenofiln6, olejofiln6 a difiln6 12,7,81. Do
pruej skupiny patria najmd diazokondenzacn6 pigmenty
nabAze aromatickfch amidov s vysokou afinitou k po-
lyoxyalkylenglykolom aj s relativne vysokfm obsahom
hydroxyloWch skupin ako je polyoxyetyl6nglykol 600.
Do tejto skupiny patr ia t ieZ kopolym6ry etyl6noxidu
a propyl6noxidu, zmesi polyglykolov, ich estery a 6te-
ry s karboxylovfmi kyselinami a alkoholmi. Druhu sku-
pinu reprezentujr i  najmd antrachinonov6 pigmenty
s dispergdtormi nabdze esterov vy55ich karboxylor4i-
ch kyselfn a polyoxypropyl6nglykolu a tieZ monoesterov
vy55ich mastnyich kyselln a viacmocnyTch alkoholov,
napr. glycerln. Pigmenty i dispergdtory v druhej skupi-
ne sa vyznacujf niZSou polari tou funkdn;ich skupin
oproti prvej skupine. Do tretej skupiny patria pigmenty,
ktoryich sa dispergdciou v PP ovplyvnuje dispergdtor len
v malej miere abez lniznamnej5ieho vplyvu jeho pola-
rity. Takto sa chovaju napr. ftalocyanlnov6 pigmenty, pri
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kto4ich sa moZu pouZit dispergdtory z prvej i druhej
skupiny.

Samostatnf skupinu predstavujri anorganick6 pig-
menty, ktor6 sa pre farbenie a matovanie vldkien pouZi-
vaj0 vo velkom zast0peni a pre ktor6 je zvla5t vyihod-
nyi dispergdtor na b{ze oligom6rneho polypropyl6nu
(PP olej alebo PP vosk).

Na zdklade merania reologickfch vlastnosti a filtrova-
telhosti farebnfch koncentrdtov ako aj relativnejfareb-
nej sily polypropyl6no4ich vldkien farbenfch v hmote
tfmito koncentrdtmi sa optimalizovalo zloZenie koncen-
trdtov pre zdkladn6 skupiny pigmentov v PP od podmie-
nok ich pripravy (koncentrdcia pigmentu, povrchove
napdtie dispergdtora (polarita), koncentrdcia disperg6-
tora a teplota pri dispergacii pigmentu - homogenizdcii
v tavenine) [38,39].

Z praktickeho hl'adiska je vel'mi 4ihodne pouZitie jed-
n6ho typu dispergdtora, nakol 'ko pri  farbeni vldkien
v hmote dochddza dasto k zmie5aniu dvoch aZ troch
koncentrdtov monof arieb pre vytvoren ie poZadovan6ho
farebn6ho ton u. PoZiadavku u niverzdlneho d ispergdtora
s moZnostou pouZitia pre v5etky typy pigmentov bezvy-
razne negatfvneho vplyvu na ich spracovatel'nost a tieZ
na spracovatel'nost farebnlich koncentr6tov splha vel'-
mi dobre ester polyoxypropyl6nglykolu a kyseliny stea-
rovej.

Z6vis losf m edzi f i ltrovatelhostbu fareb nf ch d isper-
zii a reologickfmi parametrami

Anal6gia toku polym6ru cez kapi l6ru viskozimetra
a cez otvory filtradn6ho materidlu dovol'uje uvaZovat
o priamom vztahu medzifiltrovatel'nostou a reologickf-
mi velidinami vystupujricimi v empirickfch vztahoch.
V na5ich prdcach boli najden6 jednoznacn6 zdvislosti
medzi reologiclqimi parametrami a filtrovatelhostou dis-
perzie na z6klade stanovenia zdvislostihichto velidin od
koncentrdcie pre jednotl iv6 pigmenty v PP. V5etky
reologick6 parametre a koeficienty vykazujri v zdvis-
lost i  od koncentrdcie pigmentu exponencidlnu zdvis-
lost ,  v  logar i tmickom tvare l inedrnu 19,24,251.  Po-
dobn0 zdvislost od koncentrdcie pigmentu vykazuje
aj f i ltrovate I'nost 1241.

Tieto uisledky dovol'uj0 vyladrit vztahy medzi filtrova-
telhostou a reologickfmi velicinami pre jednotliv6 pig-
menty a ich disperzie v polyoleffne pri kon5tantnej kon-
centrdcii. Z tychto vztahov vyplyiva, Ze filtrovatel'nost
d isperzie pigmentov zdvisi vfznam ne na hyd rodynam ic-
lcfch podmienkach toku disperzie, ktor6 sri ur6en6 stup-
fiom disperzity pigmentov (viskozita pri nekonednom
Smykovom napdti) a aglomeradnou schopnostou das-
tic v disperznom m6diu (koeficient aglomerdcie - smer-
nica zdvislosti In viskozity od prevrdtenej hodnoty Smy-
kov6ho napdtia). Na zdklade tyichto analyz je moZn6
konStatovat,2e filtrovatelhost je mierou stupia disper-
zity pre vdcSinu pigmentov len v malej miere a v pod-
statnej miere odr62a prlspevok aglomerdcie dastic v dis-
perzi i .  Naviac vfsledky ukazuj0, 2e f i l t rovatel 'nost
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disperzie zdvisf tieZ od tvaru pigmentoWch 6astlc. VyS-
Sie hodnoty tuarov6ho koeficienta, ktoni vyjadruje asy-
metriu dastfc pigmentu a vySSie hodnoty koeficienta ag-
lomer6cie vyjadrujuceho energiu vdzieb medzi
dasticami v aglomerdtoch s0 zodpovedn6 za zhor5enu
filtrovatelhost, t. j. vySSie hodnoty filtrovatel'nosti [24].

Analyzaf i ltrovatelhosti a stu pia d isperzity pig mentov
v polypropyl6novom oleji ukazuje, Ze vysokd filtrovatel-
nost predstavuje vysokf prirastok tlaku na jednotku fil-
trovatel'nosti mnoZstva (nevyhovujuca) je dana vyso-
kfm stuphom disperzity pigmentu az{roven silnyimi
koh6znymi silami medzi casticami pigmentu.

Vzhl'adom na nepriamu 0mernost medzi relativnou fa-
rebnou silou vldkien a rozmerom dispergovanfch das-
tfc pigmentu bola stanovenatie? nepriama 0mernost
medzi relativnou farebnou silou a filtrovatel'nostou dis-
perzie pigmentov. Z tfchto 0vah vyplyiva a experimen-
tdlne sa to potvrdilo, Ze pri farbeni PP vldkien v hmote
relatfvna farebnd sila vldkien je nepriamo umernd filtro-
vatelhosti koncentrdtu a tieZ nepriamo fmernd viskozite
koncentrdtu pigmentu [5, 16, 25, 30).2 toho vypllivavy-
znamnli zaver,2e je priama zdvislost medzi viskozitou
a filtrovatelhostou farebnej disperzie pigmentov v polyp-
ropyl6ne pri kon5tantnyich Smykor4ich podmienkach.

3. Mie5atel 'nosf farebnfch koncentr6tov
a polym6rov

Mie5atel'nost alebo kompatibilita koncentrovanyich
disperzii pigmentu so zdkladnyim polym6rom sa mOZe
pri urditom zjednodu5enivyjadrit vztahmi, ktor6 srl ur-
cen6 pre bindrne zmesi polym6rov. Napriek tomu, 2eta-
rebnf koncentrdt je viaczloZkovd zmes, mdZe sa pova-
Zovat farebnyi koncentrdt i farben! polym6r za
individudlne komponenty v procese mie5ania. Vzhl'a-
dom na to, 2e pre farbenie vldkien je nosidom pigmen-
tu v koncentrdte polym6r identickyi s farbenfm polym6-
rom, mie5atelhost tfchto zloliek moZu ovplyvnit najmd
adh6zne a koh6zne vdzby polym6rneho nosida pigmen-
tu a dispergdtora. Prdce, ktor6 by sa zaoberali podob-
nfm probl6mom v literat0re prakticky absentuju. Kom-
patibilita a mie5atelhost koncentrovanfch disperzi[ so
zitkladnfm polym6rom mdZe vfznamne ovplyvnovat
distrib0ciu a rovnomernost pigmentu vo vldknach a n6s-
ledne Struktfrnu i geometricku nerovnomernost vldkien,
ktord sa prejavi v priereze vldkien a v ich zdkladnfch
mechanickych vlastnostiach [40,41]. Takto bola name-
ran6 geometrickd nerovnomernost syntetickyich vl dkien
a vldkien z polym6rnych zmesi polypropyl6n-polyetyl6n
a polypropyl6n-polyetyl6ntereftaldt. Niekto16 na5e ex-
perimenty zd6raznuj0 r4iznamnf vplyv kinetiky mie5a-
nia na nerovnomernost vldkien farbenfch v hmote,
zvldSt reologickfch vlastnostf koncentrdtu a polym6ru
pri mie5an( [21 ,25,42, 43].

Mie5anie a homogenizdcia tavenin polym6rnych zlo-
Ziek sa realizuje v podmienkach Smykovej deformdcie
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pri lamindrnom toku. Za tlichto podmienok Smykovd
nichlost (deformdcia) v dispergovanej fdze je urcend
pomerom viskozlt dispergovanqlazy a matrice (pre ne-
mie5atelh6 polym6ry). Vyiznamnf vplyv na prenos na-
piitia cezldzov6 rozhranie md tieZ adh6ziamedzi dis-
pergovanou fdzou a matricou. Ak viskozita koncentrdtu
prevy5uje viskozitu majoritn6ho polym6ru, deformdcia
dispergovanejtazy je mald. Opacnyi pomer viskozit vyt-
vdra priaznivd podmienky pre vysok0 deformdciu dis-
pergovanejzlolky. Tieto zAvery vyplfvaju z trojvrstvo-
v6ho modelu mie5ania vysokoviskoznych kvapalin
(tavenfn) 144, 451. Tento model sa aplikoval v na5ich
prdcach pri analyze mie5ania koncentr6tov (C. l. Pig-
ment Black 7 v polyesteroch). Analyzovali sa koncen-
trdty roznych typov ciernych pigmentov urdenfch pre
aplikdciu do plastov i do tlaciarenskyich disperzii. Ako
noside sa pouZili rozdielne typy polyetyl6ntereftaldtu
(PET) a koncentrdty neobsahovali dal5iu zlolku disper-
gdtor. Obsah pigmentu v koncentrdtoch bol 20 - 30
% hmotnostnlch. V prdcach sa Studovali reologick6
vlastnosti koncentrdtov a stanovila sa ich filtrovatelhost
v tavenine za dohodnutyich podmienok. Z reologickfch
charakteristlk sa ukdzali byt d0leZit6: odklon od newto-
novsk6ho toku, pociatocn6 napdtie (Bingamsk6 chova-
nie), tvarovf koeficient a koeficient aglomerdcie. Kon-
centrdty sa pouZili na farbenie polyesterovych vldkien
v hmote a vldkna sa hodnoti l i  z hladiska geometrickej
(priemer) a Strukturnej nerovnomernosti (rozptyl pev-
nosti, taZnosti). Vfsledky boli prekvapuj0ce a v plnom
rozsahu potvrdili zAvery ziskan6 v predchddzajucich
prdcach na disperziAch organictqich pigmentov v polyo-
lef[noch.

Na5la sa priamoumernd zdvislost medzi geometric-
kou nerovnomernostou PET vldkien a filtrovatelhos{ou
PET koncentrdtov, ktonimi tieto vldkna boli vyfarben6,
d'alej medzi nerovnomernostou vldkien a tvarovfm
a tieZ aglomeracnfm koeficientom z reologickfch me-
ran[, bez ohl'adu na zloZenie koncentrdtu. Dokazom
priameho vplyvu reologickfch vlastnost[ na mie5atel-
nost koncentrdtov a PET polym6ru bolo potvrdenie pria-
mo0mernej zdvislosti medzi filtrovatel'nostou a viskozi-
tou koncentrdtov bez ohladu na koncentrdciu pigmentu

121 ,251.
Pod I'a pred pokl ad u, nerovnomernost pig mentovan;ich

vldkien (Strukturna i geometricka) sa odrazila v absol0t-
nych hodnotdch pevnosti i taZnosti vldkien, teda v zAk-
ladnlich mechanickofyzikdlnych charakteristikdch. Na-
5la sa jednoznacnd nepriamo0mernd zdvislost pevnosti
vldkien a taZnostivldkien (nedlZenfch) od geometrickej
nerovnomernosti vldkien, charakterizovanej rozptylom
priemeru [46,48].

Tieto zdvery a vfsledky prdc boli pouZit6 pri hodno-
te n i s p racovatel'nosti a opti m alizdcii zl oZe n i a po lyeste -
ro4ich koncentrdtov vo vlirobnom procese, kde sa plne
potvrdili zAvery na5ich prdc 1471. Na zdklade zdverov
tfchto prdc je moZn6 s vysokou mierou pravdepodob-
nosti definovat spracovatelhost farebnfch koncentrdtov
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v priemyselnom merltku na zdklade laboratorneho hod-
notenia reologictqich vlastnosti s pripadnfm vyuZitim la-
boratornej met6dy f iltrovatel'nosti.

4. Vplyv organickfch pigmentov na
nadmolekulov0 Strukturu PP a PP v ldk ien

Axidlna deformdcia a s nou spojend orientdcia poly-
m6rneho prudu vo zvldkfiovacom poli, ako aj aditiva
s nukleacnfm 0cinkom, moZu extr6mne ovplyvhovat ki-
netiku kryStalizdcie a nadmolekulov0 Strukt0ru vldkien.
Rast kryStdlov sa realizuje z nukleacnfch centier indu-
kovanfch orientdciou, tuorenfch paralelnfm ukoncen[m
polym6rnych retazcov, alebo z centier indukovanyich
adit ivami [49-55]. Je zndme, 2e organick6 pigmenty
dasto predstavuj0 nuklea6n6 centrd v zdvislosti od ich
kry5talickej stavby, koncentrdcie a stupna disperzity.
Okrem toho niektor6 pigmenty sa chovajf ako selektiv-
ne nukleacn6 aditiva tak, Ze indukuj0 vznik vybranfch
kryStalograficklich modifikdcii polym6rov [56-58].

Pri kryStalizacii polypropyl6nu sa tvorf prevaZne sta-
bi lnd a modif ikdcia s teplotou topenia 165'C. Pri  zme-
ne podmienok pripravy vldkien alebo vplyvom nuklead-
nfch cinidiel sa Noria kryStalick6 modifikdcie s niZ5ou
teplotou topenia, z ktoryich je dobre zndma B-modifikd-
cia s teplotou topenia152"C [59-60]. Vzhladom na ui-
znam kry5tal iz6cie pre spracovanie polypropyl6nu
i vplyv na Struktfru a mechanick6 vlastnosti je tejto
problematike venovanf vellgi pocet prdc. Tfkaju sa naj-
md selektlvneho [6inku nuklea6nfch 6inidiel a mecha-
nizmu P-cr [6142| Niektorlautori predpokladaj0, 2epri
kryStalizdcii PP z taveniny vznikaj0 plotne nestabiln6
modifikdcie, ktor6 bezprostredne fplne alebo z casti
prechddzaj0 na stabilnu o-formu [63]. Tento prechod je
vel'mi taZko dokdzat experimentdlne.

V naSich prdcach [51, 64, 65, 66, 67] sa Studoval
vplyv pigmentov, ako nukleacnfch centier, na kinetiku
kry5talizdcie polypropyl6nu. Ukdzalo sa, Ze rfchlost
kryStalizdcie a tieZ selektlvnost p6sobenia, rni'znamne
ovplyvhuje Strukt0ra pigmentu v disperzii v polypropy-
l6ne, ktord zdvisinajmd od interakcifpigmentu s disper-
gdtorom [66]. Vplyv hichto interakcif na kryStalizdciu po-
lypropyl6nu pri  prfprave vldkien je vyiznamnf
z teoretick6ho i praktick6ho hlhdiska. Vplyv organiclgTch
pigmentov C.  l .  P igment  Red 177 a C. l .  P igment  Yel -
low 83 (diazopigment) a dhl5ich a tieZ niektoryich disper-
gacnyich aditfv na kryStaliz6ciu polypropyl6nu, sa Stu-
doval metodou DSC. Pigmenty maj0 silnf nukleacnyi
efekt a indukuj0 tvorbu kryStalickfch modifikacii s niZ-
Sou teplotou topenia, zvld5t B - modifikdcie (C.1. Pig-
ment Red 177). Vhodnfm experimentom sa pri  DSC
analyze naSli celkovo Styri teplotn6 prechody, zodpove-
dajfce Styrom kryStalickfm modifikdcidm. Sfcet tepel-
nlich efektov spojenfch s jednotlivfmi modifikdciami
velmi dobre koreSpondoval s celkovou entalpiou tope-
nia pre jednu najstabilnej5iu cr - modifikdciu. Tvorba roz-
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vetvenfch kryStalickfch modifikdcii polypropyl6nu silne
z6visi od Struktfry pigmentu, ale je uiznamne ovplyv-
iovand teplotou pri homogenizdcii koncentrdtu a poly-
m6ru.

Orientovan6 PP vlSkna vykazuj0 pri DSC meranf len
jeden prechod, ktory koreSponduje so stabilnou cr - mo-
difikdciou bez ohlhdu na typ pigmentu a jeho koncen-
trdciu vo vldknach. Pri neorientovanfch PP vldknach sa
stanovili niZ5ie teploty prechodov, ktor6 su spojen6
s rozdielmi v rdmci jednej modifikdcie (cr, cr1) alebo
s rozdielnymi modifikaciami [64, 66]. Tento poznatok
poukazuje na vysoku pravdepodobnost, 2e pri vzniku
stabilnej cr - kry5talickej modifikdcie PP v prvej tAze
vznikajf nestabiln6 formy. Vfsledkom tlichto prdc bol
tieZ ndvrh na stanovenie B - nukleadnej 0dinnosti pig-
mentu na zdklade podielu tavnfch entalpiijednotliuich
kryStalickfch modifikacii [66].

Najvii65f nukleadnf ricinok na polypropyl6n s 103-104
vySSou ryichlostnou kon5tantou pri kryStalizacii majf fta-
locyaninov6 pigmety ako C.l. Pigment Green 7 alebo
niektor6 mod16 pigmenty [41]. Pricom neniraznS, kryS-
talicke Strukt0ra sadzi(C.l.Pigment Black 7) mdza nds-
ledok len malf nukleacnf efekt a zanedbatelhf vplyv to-
hoto pigmentu na nichlost kryStalizdcie PP [33, 511.

Publikdcia bola vytvorend za finan1nej podpory Grantovej agen-
tury SR, grant VEGA 1/8106/01 (A-26/01).
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cHEMTcKE REAKcTE zNEersrENiru vruuroRNEHo
PROSTREDIA

Prousek J.

Fakulta chemickej a potravinerskej technologie STU, Katedra iivotndho prostredia,
Radlinsk6ho 9. 812 37 Bratislava

V porovnanf s vonkajSim prostredim 11 ,21sa doposial'
znecistenindm vnfitorn6ho prostredia venovala men5ia
pozornost. V sucasnosti je vliskum vonkaj5ie ako aj
vnutorn6ho znedisten6ho prostredia prakticky na rovna-
kej 0rovni, co je dan6 najmd zistenfm, 2e transformad-
n6 reakcie znedistenin vonkaj5ieho a vnutorn6ho pros-
t redia s0 prakt icky to toZn6.  Jedinfm podstatnfm
rozdielom pri ich vzdjomnom porovndvanije skutodnost,
2e vo vn0tornom prostredi neprebehaj0 fotochemick6
reakcie v takej miere a vfzname, ako je tomu vo von-
kaj5om prostredf, kde prdve fotochemick6 reakcie pred-
stavuju najvliznamnej5ie transformadn6 reakcie znedis-
ten[n ovzduSia.

S0casnf stav poznania oblasti znecisten6ho vnutor-
n6ho prostredia, najmii ovzdu5ia, umoZiuje diskutovat
zdkladn6 chemick6 transformadn6 reakcie vo vn0tor-
nom prostredi. V tejto srivislostije potrebn6 strucne upo-
zornit na zdroje znedistenin vn0torn6ho prostredia a to
z hladiska kvalitativneho i kvantitatfvneho a predov5et-
kfm na chemick6 reakcie, ktorfmi s0 vo vnftornom
prostredf produkovan6 rozne reaktivne castice a mole-
kuly, ktor6 d'alej primdrne znedisteniny transformuju na
sekunddrne. Vzhl'adom na charakter vn0torn6ho zne-
cistenia predstavujI sekunddrne znedisteniny z biolo-
gick6ho hl'adiska casto podstatne toxickej5ie derivdty
(napr. polyaromatick6 uhlbvodfky PAH sa v pritomnosti
NO, transformujI na nitro-PAH). Toxicita sekunddrnych
znecisten[n je zdvisld od formy ich vfskytu. Podobne
ako pritransformadnfch reakcidch vo vonkaj5om pros-
tredf vznikajf aj vo vn0tornom prostredf velk6 mnoZstud
roznych reaktivnych intermedidtov, molekil a tuhfch
castic [3, 4], ktor6 s[ tuoren6 ndslednlm zhlukovanim
produktov transformacnfch reakci i  vo vn0tornom
ovzdu5f [5-7]. V zdvislosti od velkosti a zlolenia vyka-
zujr i  t ieto castice odpovedajuce biologick6 odozvy
(napr. alergie, astmu, bronchitldu a in6). Ak si uvedomi-
me, Ze v kvalitativne roznom vnftornom prostredistrd-
vi priemernf dlovek 80-90 % svojho 6asu (62% doma,
25 % v prdci, v Skole, 8 o/o y dopravnfch prostriedkoch),
potom je jasna zvf5end potreba poznatkov z oblasti
znedisten6ho vndrtorn6ho prostredia [8].

1 .  ZDROJE ZNEEISTENiN VNUTORruENO
PROSTREDIA

Medzi  znedis teniny vn0torn6ho prost redia patr ia

Vtdkna a textit I (4) 273-278 (2001)

rOzne plynn6 formy (Os, NO*, CO, CO2,HzOz, HNO3),
reaktfvne castice a intermediaty (HO', HOO'. NO3', Cl',
RO', ROO', RC', R2C'-O-O'), prchav6 organick6 lat-
ky VOC (Volatile Organic Compounds), prchav6 a in6
tuh6 castice (PM 10, PM 2,5, polietaui prach), viacer6
druhy hub a plesni (mykotoxiny) a bakt6rii. Osobitn6
miesto zaujima radon, Rn 1222Rn, poldas rozpadu 3,8
dna). Vn[torn6 priestory obsahuj0ce zui5en6 koncen-
trdcie uvedenfch znecisten[n vytvtraju nekonformn0
vn0tornu kllmu, ktord je v uvedenfch budovdch pricinou
tzv. syndromu chorej budovy SBS (Sick Building Syn-
drome).

Znedisteniny vnftorn6ho prostredia sa do ovzdu5ia
vnutornej kilmy moZu dostdvat jednak infiltrdciou z von-
kajSie prostredia, alebo ich zdroje sa nachddzaju pria-
mo vo vn0tornom prostredi. Vn0torn6 zdroje znediste-
nin rozdel 'ujeme podl 'a ich vel 'kosti  a emitovan6ho
mnoZstva alebo podl'a chemickyich transformadnyich
reakci i ,  ktorfmi s0 produkovan6 sekunddrne VOC.
K produkcii primdrnych a sekunddrnych VOC prispieva-
j0 aj bakterie a huby pritomn6 v znedistenom vn0tornom
prostredl. Z uvedenfch znecistenfn su najuiznamnej5ie
VOC, 03 a NO' ktor6 podobne ako vo vonkaj5om zne-
cistenom prostredi reaguju roznymi chemick;imi tran-
sformadnfmi reakciami za produkcie reaktfvnych cas-
tlc a intermedidtov a sekunddrnych znedistenfn.

Prikladom r4Tznamn6ho zdroja VOC su koberce a to
najmd nov6 alebo vycisten6. Produkcia VOC je vyz-
namne zdvisld od ich rubovej 0pravy [9, 10] a od cha-
rakteru vlastn6ho materidfu, z ktor6ho je koberec vy-
robenf. NajdastejSie ide o styr6n-butadienovf,
po lyvi nyl ch I o ri doui a polyu retdnoqi ru bovli zdler .

Z hl'adiska chemickych reakcilprebiehajr.rcich vo vn0-
tornom prostredf je dole2it6 spoznat kvalitatfvne a kvan-
titativne zloZenie znedisten[n vnutorn6ho ovzdu5ia. Dal-
Sim prikladom r4iznamn6ho zdroja emisiiznedistenin do
vnftorn6ho prostredia je pracuj0ca kopirka, ktord pro-
dukuje znadn6 mnoZstvd rdznych zl0denfn, z ktoryich
mnoh6 sr.r kl'ucov6 pre chemick6 reakcie prebiehaj0ce
vo vntitornom prostredi. Bolo napriklad zisten6, 2e pra-
cuj0ca kopirka za t hodinu vyprodukuje uveden6 mno2-
stvd rOznych zhicenin (pg.h-t) [t1]: tolu6n (760), etyl-
benz6n (27 000), m-,p-xyl6n (29 000), o-xyl6n (17 000),
styr6n (9 900), o-metylstyr6n (1 100), n-undekdn (2
000), benzaldehyd (1 800), formaldehyd (500), acetal-
dehyd 710), aceton (2 000) a ozon (3 000). MnoZstvd
znedisten[n sa vl iznamne menia medzi jednotl ivfmi
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kopirkami a2 o jeden poriadok. Dalej bolo zisten6 [12],
Ze naprfklad z4i5enim vnftornejteploty kopirky 223'C
na32 oC sa emisie VOC zvyi5ili o 20 %. Podobne aj
obojstrann6 kopirovanie viedlo k zrryi5eniu emisif VOC
o 40 %. Okrem vySSie uvedenlich emisifboliv tejto praci
[12] pozorovan6 aj emisie NO2 a vznik respirabilnfch
6astfc.

Podobne aj koberce produkuju rozne reaktfvne VOC
ako je naprlklad 4-fenylcyklohex6n, styren, vinylacetdt,
formaldehyd, acetaldehyd, acet6n, 1,1,1 -trichl6retdn,
benz6n, tolu6n, etylbenz6n, naftal6n, undekdn a dode-
kdn [9].

lnfm prfkladom vyznamn6ho zdroja VOC vo vnutornom
prostredimOZu byt zl0ceniny produkovan6 v neddvno re-
novovanfch budovdch a novostavbach (pg.m-t) [8]: to-
luen (9 741\, aceton (7 763), cyklohexan (7 162), ben-
z6n (5 300), trimetylbenz6ny (4 576\, 1,1,1 -trichl6retdn
(1 567), formaldehyd (1 267), n-heptanal (504), limon6n
(224), naftal6n (219).

Z uvedenyich prikladov vidfme, Ze do vnutorn6ho
prostredia s0 emitovan6 rOzne reaktfvne VOC, ktor6
lahko podliehaju chemiclqim transformadnfm reakcidm.
DoleZitfmi emisiami z tfchto zdrojov je produkciaozo-
nu a NO, do vnftorn6ho prostredia, nakolko prdve tieto
molekuly vedf k pocetnfm chemickyim reakcidm
v ovzdu5f vnutornej klimy. Ned6vnymi meraniami boli
zisten6 aj najroz5frenej5ie VOC vo vn0tornom prostre-
di, ktor6 patria medzi prioritn6 znedisteniny a ktor6 bu-
d0 urdovat jednak charakter avyznam chemickfch
reakciiv ovzdu5f a sridasne aj produkty trichto transfor-
macnlich reakci f. Pod I'a jed notl irryich svetouich reg ionov
a koncentracnej urovne moZeme tieto znecisteniny roz-
delit nasledovne [3]: Austrdlia - benzen, tetrachlorety-
l6n, 1,4-dichl6rbenz6n, ety lbenz6n, m-,p-xyl6n, 1,1,1-
trich loretdn, o-xyl6n, dekdn, tol u6n, 1,Z,*lrimetyl be n z6 n,
hexdn, nondn a limon6n.Zlolenie prioritnfch VOC zis-
tenfch v USA je podobn6 : o-xyl6n, benzdn, tetrachlo-
retyl6n, m-,p-xyl6n, etylbenz6n, trichloretyl6n, tolu6n,
1,1,1 -trichloretdn, dichlorbenz6ny,styr6n, undekdn, do-
dekdn a oktdn. Trocha in6 zlolenie znedisten[n vnritor-
n6ho ovzdu5ia, najmd neprltomnost chl6rovanyich VOC,
ukAzal europsky audit: aceton, izopren, 2-metylpentdn,
hexdn, 2-metylhexdn, benz6n, heptdn, tolu6n, m-,p-xy-
l6n, o-xyl6n, dekdn, trimetylbenz6n a limon6n. Podob-
n6 qisledky poskytol aj Svedsky a nemeckli audit, kto-
ry sa ale li5il predov5etkfm vySSim obsahom terp6nov
so sumdrnym vzorcom C.,oH,6 ako je limon6n, cr- a B-
pin6n a 3-karen [3].

2.  CHEMICKE REAKCIE PREBIEHAJUCE VO
VNUTORNOM PROSTREDi

Z hladiska chemickych reakcilprebiehajfcich vo vn0-
tornom prostredije doleZit6 si uvedomit, ktor6 primdr-
ne emisie s0 do vn0torn6ho prostredia emitovan6 a ak6
je jeho oxidacn6 kapacita (reaktfvne 6astice, intermedid-
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ty a molekuly). Podla re6lneho stavu koncentracnlich
frovni a na zAklade ryichlostnfch kon5tdnt niektoryich
rozhoduj0cich reakciije potom moZn6 si utvorit celko-
vy obrazo chemickfch transformacnfch reakcidch pre-
biehajtcich vo vn0tornom prostredf.

2.1 Reaktfvne dastice

Podobne ako v hydrosf6re a pedosf6re, prebiehajf
podetn6 chemick6 reakcie aj vo vonkaj5om a vnftor-
nom ovzduSi. Tieto reakcie s[ zvdcSa radikdlovej pova-
hy. Rozhoduj0cimi reaktivnymi dasticami a molekulami
vo vnutornom prostredisri  HO', HOO', NO.',  R',  RO',
ROO',  Cl ' ,  03,  NO*,  HrOr,  H2O (vzdu5nd v lhkost)
a niektor6 d'alSie. Tieto radikaly a molekuly reaguj0
s primdrne emitovanfmi VOC vo vn0tornom prostredi
za v zniku rea ktivnych i nte rm ed i 6tov, p rod u ktov oxi d ad-
nej degraddcie a dasto aj podstatne toxickej5ich zh.rce-
nin s draZdivfmi vlastnostami [3].  K najdoleZitej5im
reakcidm jednotl ivfch typov zl06enin vo vn(tornom
prostredipatri:
a) alkany (RH) reagujri predov5etkyim s HO' radikdlom

a v men5ej miere s NO.' a Cl' radikdlom,
b) alk6ny reagujri najmd s HO', 03, NO3' a v men5ej

miere s Cl' radikdlom,
c) aromatick6 uhlbvodrky reaguj0 s HO' a Cl' radikdlmi,
d) aldehydy reaguj0 s HO', NOr' a Cl '  radikdlmi.

Ak6 sri hlavn6 reakcie uvedenfch reaktlvnych castic?
Radikaly HO', NOi a Cl '  reaguj0 s alkanmi (R-CH')
tzv. abstrakciou (vytrhnutim) vodika, zavzniku prisluS-
n6ho radikdlu R':

R-CH3 + HO' (NO;, Cl ')  -+ R-CH; + HzO
(HNO3, HCt)

Z uvedenej rovnice je vidno jasnyi rozdiel predov5et-
kym v charaktere vzniknutyich neutrdlnych molek0l. Za-
tial'co hydroxyloui radikdl produkuje H2O, radikaly NOi
a Cl' produkuj0 prislu5n6 kyseliny.

S alk6nmi reagujri uveden6 reaktivne castice adidnf-
mi a s 03 cykloadicnfmi reakciami:

ArH + HO'  (Cl ' )  -+ HO-ArH'(Cl -ArH' )

CH2:CH2 + HO' (Cl') + HHH2{H2' (CrcH2{H;)

R2C=CR2 + Os + cykloadukt -+ R2C=O + RzC'-O-O'
(Criegeeho biradikal)

V prfpade aromatickfch zl06en[n mOZe prebiehat aj
oxiddcia aromatick6ho uhlbvodika (ArH) na prislu5ni ra-
dikalorni kation (ArH'*), kory po spontdnnom od5tiepeni
H* tvoriarylor4i radikdl Ar':

ArH + HO'-+ ArH'*  + HO-

ArH ' *  -+  Ar '+  H*

V suvislosti s vySSie uvedenyimi reakciami je d6leZi-
t6 upozornit na skutodnost, Ze adlciou Cl' radikdlu vzni-
kajI v konednom dosledku prislu5n6 chlorderivdty.
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Vznikajuce radikdly R-CH; (Ar') reaguj0 v d'alSom
kroku v5eobecnou atmosf6rickou reakciou s kyslikom
za vzniku alkylperoxylov6ho RCH2OO' alebo arylpero-
xylov6ho AroO' radikdlu, kory sa s NO transformuje na
alkyloxylovf RCH20' a aryloxylovf ArO' radikal.
RCH2O' radikal d'alej reaguje s 02 za vzniku prlslu5nej
karbonylovej zlfceniny :

RCH2O'a Oz + RCH=O + HOO'

T;imto spOsobom s0 vedla oxidacnej reakcie alk6nov
s ozonom vo vnutornom prostredf generovan6 z primdr-
nych VOC pocetn6 aldehydy a ketony. Hydroperoxylo-
v! radikal sa potom transformuje s NO na hydroxylovf
radikdl jednou z najdoleZitej5ich reakciich6mie ovzdu-
Sia :

HOO'  +  NO -+  HO'+  NOz

Takto vfiorenf HO' radikdl potom znova Startuje ra-
dik6lov6 degradacn6 reakcie VOC nachddzaj0ce sa vo
vn0tornom prostredi.

Podobne ako vo vonkaj5om znedistenom prostredi,
hraj0 reaktfvne castice a intermediaty rozhoduj0cu rilo-
hu aj vo vn0tornom zne6istenom prostredl. Zial', pri tych-
to reakcidch casto vznikaj0 aj podstatne toxickej5ie zl[-
ceniny. Napriklad z aromAtov (benz6n, tolu6n, PAH)
vznikaj0 pri znedisteni NO" prlslu5n6 nitroaromaty (nit-
robenz6n, nitrotolu6n, nitro-PAH), ktor6 s[ niekedy pod-
statou alebo sfdastou tuhfch dastlc vn0torn6ho ovzdu-
5ia.

2.2 NO, A PRODUKCTA HNO2 A HNO3

Vedl'a HNO3 vznikd vo vn0tornom prostredf aj kyseli-
na dusitd (HNO2) reakciou NO2 s adsorbovanou vodou
na povrchoch vnr,itorn6ho prostredia :

2  NO2 + HzO -+ HNO, + HNO3

Ako bolo zisten6 v neddvnej Stridii tejto reakcie [13]
je produkcia HN02 ovplyvnend najmd charakterom po-
vrchu a relativnou vlhkostou. V experimentdlnej komore
boli 5tudovan6 3 typy povrchov a to teflonor4i, tapeto-
v' i  a kobercov;i .  PouZitd relatfvna vlhkost bola
50 o/o a70 %. Autori zistil i, Ze koberec zo syntetickfch
vldkien, zui5il produkciu heterog6nnej premeny NO, na
HNO2 a2 o 1 poriadok v porovnanf s ostatnfmi Studo-
vanfmi povrchmi. Bolo zisten6, 2e vznikqica HNO2 je
emitovan 6, z povrchu do plynnej tine, zatial' 6o HNO3
ostdva naadsorbovand na povrchu. Podobne ako vo
vonkaj5om prostredf sa vo vnutornom prostredf mald
frakcia HONO homolyticky Stiepi zavzniku reaktivnych
HO' radik6lov:

HONO +  hv  -+  HO'+  NO

Vzhlhdom na skutodnost, 2e vn0tornd koncentrdcia
NO2 sa pohybuje v rozmedzi3}4} ppb a moZe dosiah-
nut aZ 100 ppb [14], je produkcia HNO2 do vntitorn6ho
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prostredia doleZitou reakciou. Z uisledkov prdce [13]
jasne vyplwa, 2e syntetickf koberec vyrazne zvy5uje
heterog6nnu premenu NO2 na HNO2. Ked'2e reakciou
alk6nov s oz6nom vo vlhkom prostredije produkovanf
aj peroxid vodika (HrOr) je v tejto s0vislosti potrebn6
uvaZovat aj oxiddciu HONO na kyselinu peroxydusit0
(HOONO), ktord sa alebo Stiepi zavzniku HO' a'NO,
radikdlov alebo sa pre5mykuje na kysel inu dusi6n0
HNO3 [15, 16]. Vfznam NO, (NO + NOd v ch6mii vn0-
torn6ho prostredia spodiva predov5etkfm v participdcii
v syst6me VOC-NO^-O3.

2.3 SYSTEM VOC - NO, - 03

Vy55ie uveden6 priklady zdrojov znedistenia vn0tor-
n6ho prostredia ukdzali, 2e rozhoduj0ce transformadn6
reakcie spojen6 s produkciou reaktfvnych dastlc a inter-
medidtov su predov5etkfm zviazan| so syst6mom
VOC-NO,-O3 117-191. Ozon a NO, sa navy5e dostd-
vajI do vnutorndho prostredia aj infiltrdciou z vonkaj5ie-
ho prostredia. Vfsledky meraniukdzali, Ze koncentrad-
n6 0rovne NOi a N2O5 s0 vo vnf tornom prost redi
vdc5ie ako vo vonkaj5om prostredl a 2e za urcigich kon-
centradnlich frovnlznedistenia to ist6 platf aj pre HNO.
aH2O2. Vznik NOi radikdlu a tfm aj produkciu HNO3
moZeme vyjadrit nasledujucimi reakciami [20] :

Os + NO2 -+ NOi + It

NOi + NO2 <+ NrOu

NrOu + HzO -+ 2 HNO. (povrch)

NOi + RH + R'+ HNO3 (ovzdu5ie)

Predpokladd sa, 2e pri vy55fch koncentrdcidch VOC
patria reakcie S Or, NOi a HO' vo vn0tornom prostre-
d i k rozhod uj rici m. Experi mentdlne uisled ky jed noznad-
ne potvrdi l i  tento predpoklad. Naprfklad v prdci [21]
autori uklzali dOleZitost reakcifozonu s VOC. Pri expe-
rimentoch pouZitd koncentrdcia 03 v rozmedzi 30-50
ppb viedla k vzniku HCH=O, benzaldehydu, kysel iny
benzoovej a acetofenonu, co sri vSetko o6akdvan6 pro-
dukty reakcie O. so styr6nom, ktoryi patrf medzi vyi-
znamn6 emisie koberca. Vznik s6rie C5-C1o aldehydov
sveddi aj o reakcii 03 s neprcha4imi organickfmi zl0-
6eninami obsiahnutyimi vo vldknach koberca. Koncen-
trdcia formaldehydu sa v prltomnosti 03 zvfSila 3-krat
a CH3CH=O dokonca 2O-krdt. Je zauj[mav6,2e prftom-
nost NO2 neovplyvnila tieto reakcie, t.j. 2e NO! radikdl
nie je reaktivnou dasticou, ktord zodpovedd produkcii
uvedenfch aldehydov a ketonov. Reakciami 03 s alk6n-
mi boli dalej produkovan6 organick6kyseliny (HCOOH,
CH.COOH), ktor6 vznikaj0 reakciou Criegeeho biradi-
kdlu (RHC'-OO') so vzdu5nou vlhkostou:

RHC'-OO'+ HzO + RHC(OH)OOH -+ RCOOH + HzO

+ RCH=O + HzOe
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Vfznamnou reakciou Criegeeho biradik6lu, ktoryi vzni-
kd reakciou alk6nov S O., je aj produkcia hydroxylov6-
ho radik6lu HO'vo vnftornom prostredi. Tak naprfklad
pre koncentrdciu Os20 ppb a typick6 koncentrdcie al-
k6nov vo vn0tornom prostredf (d-limon6n, cr-terpin6n, 2-
metyl-2-but6n, a-pin6n) bola zistend vnftornd koncen-
tr6cia HO' radikAlov 6,7 x 104 ppb, t . j .  1,7 x 105 HO'/
cm3 1181. To je len trocha niZ5ia koncentrdcia, ako je V-
pickd koncentrdcia HO' radikdlov vo vonkaj5om pros-
tred[, l . j .2x 10a ppb 6o je 5 x 106 HO'/cm3. Pri uvede-
nej koncentrdci i  HO' radikdlov 6,7 x 10{ ppb bude
hydroxyloui radikal oxidovat naslten6 uhlbvodtky o 2-
5 poriadkov nichlej5ie, neZ 03 pri koncentrdcii 20 ppb.
Preto je doleZite pri hichto reakcidch rozlf5it reakcie O.
s VOC a reakcie HO' radikdlu s VOC 118,221. Reakcie
alk6nov s Os a produkciu hydroxylovfch radikdlov
z Criegeeho biradikdlu m62eme vyjadrit nasledovnfmi
reakciami:

R2C=CR2 1 Oe + adukt -+ R2C=O + RzC'-OO'

R'C'-OO'+ H-S -+ R2C'-OOH -+ R2C=O + HO'

H-S je v5eobecnf donor vodfka. Paraleln6 reakcie O.
a HO' radikdlu prebiehaj0ce pri degraddcii znecistenin
vnritorn6ho ovzdu5ia dokumentujri naprlklad vjsledky
prdce [7]. Autori sa zaoberali 3 skupinami hlavnyich
VOC, produkovanlch pri fajceni do vnftorn6ho prostre-
dia. Prv6 skupina obsahovala ldtky, ktor6 nereagujti
z ozonom a sfdasne nie su produktmi reakci i  VOC
s ozonom (napriklad benz6n a tolu6n). Druhd skupina
obsahovala ldtky, ktor6 reagujri s O. ryichlo (naprfklad
izopr6n) a tretia skupina obsahovala ldtky, ktor6 nerea-
guj0 r4iznamne s ozonom, ale s0 produktmi oxiddcie al-
k6nov oz6nom (napriklad formaldehyd). Tak napriklad
pre benz6fl (co = 50 pg.m{) pri cor5nu = 0 bol pozorova-
nV po 5 h jeho 0bytok o 10 o/o, pri  co.5nu = 0,115 ppm
ubudlo tiez 10 % a pri cor5nu = 1,4 ppm ubudlo25 % ben-
z6nu. V pripade izopr6nu (co = 650 pg.m*1, ktoryi s O.
reaguje vel 'mi dobre, sa po 5 h pozoroval vzrast
o 5 o/o pre ce26nu : 0, d tibytok o 15 % resp o 60 % pre
coz6nu - 0,115 ppm resp. coz6nu = 1,4 ppm.V prfpade for-
maldehydu (co = 20 pg.m-3) sa po 5 h pozoroval pre
coz6nu = 0 ndrast o 270 o/o, pre coz6nu = 0,115 ppm
o 390 o/o a pre coz6nu = 1,4 ppm dokonca o 2 500 o/o.

Uveden6 hodnoty jasne ukazujri, 2e pri reakcidch O.
s alk6nmivznikaj0ci HO' radikdl sa tieZ uiznamne po-
diel'a na transformacnfch reakcidch VOC vo vn0tornom
ovzduS[.

Criegeeho biradikdl (R2C'-OO') tuorispolu s d'alSimi
oxidantmi oxidacn0 kapacitu vn0torn6ho ovzduSia. Je-
ho oxidacn6 schopnosti mdZeme d'alej ilustrovat tfmi-
to reakciami:

R2C'-OO' + SOz -+ R2C=O + SOg (+ HzO -+ H2SOa)

+ NO -+ R2C=O + NOz

+ NOz -+ R2C=O + NOi

+ CO -+ R2C=O + COz

Reakcia Criegeeho biradikdlu s vodou (vodnou parou)
patrf k hlavnfm procesom jeho odderpdvania z vn[tor-
n6ho ovzduSia. Vo viac znedistenej atmosf6re vySSie
uvedenfmi znecisteninami reaguje potom prednostne
aj s nimi. Vlhkost vzduchu tak vliznamne ovplyviuje
reakcie vo vn0tornej kl ime. Naprlklad koncentrdcia
CH3COOH sa v miestnosti so zvf5enou vlhkostou zr4i-
Sila 10-ndsobne oproti miestnosti s normdlnou vlhkos-
tou.

Vzhl'adom ku kl'06ov6mu vfznamu Criegeeho biradi-
k6lu pre ch6miu vn0torn6ho znedisten6ho prostredia sa
mnoh6 Studie zaoberaj0 mechanizmom reakcie ozonu
s alk6nmi a najmd mechanizmom oxidacnfch reakcil
Criegeeho biradikdlu s organickyTmi zltceninami a pro-
dukciou hydroxylov6ho radikdlu. V tejto srivislosti sa
predpokladA 123, 241, 2e Criegeeho biradikdl m6Ze
reagovat aj ako cyklickri dioxirdnoui intermediat [25] po-
dobne ako v organickej synt6ze, kde sa tieto zl0ceniny
prdve na oxiddciu roznych organickfch substrdtov
vyuZivaju 126,271. Dioxirdny s0 ldtky, ktor6 lahko oxi-
duju alkdny (C-H vdzbu) na alkoholy (C-OH) alebo ke-
tony (>C=O). Navy5e boli pozorovane aj reakcie Crie-
geeho  b i rad ikd lu  CH3HC' -OO'p reb ieha j0ce
s abstrakciou vodlka s aldehydov s ndslednou produk-
ciou hydroxylov6ho radikdlu HO' [28, 29]:

CH3HC'-OO'+ HCH=O -+ CH3HC'-OOH + HC'=O

CH3HC'-OO' + CH3CH=O -+ CH3HC'-OOH
+ CHgC'=O

CH3HC'-OOH -+ CH3CH=O + HO'

Produkcia hydroxyloWch radikAlov v reakcii alk6nov
s 03 je r4iznamne z6visl6 od Struktriry reaguj0ceho al-
k6nu avytalky tfchto reakcii sa pohybujri od 7 do
100 %. To samozrejme rozhodujricim sposobom ov-
plyvnuje typy chemictqich reakciiprebiehaj0cich vo vn[-
tornom ovzdu5i [30].

Niektor6 5t0die predpokladaj[, Ze Criegeeho biradi-
kdl produkuje aj O (tP), 6o sa prejavi alebo vo vzniku
prislu5nfch oxirdnov [31, 32] alebo v pocetnfch produk-
toch degradacnfch reakcii O (tP) s alk6nmi [33]. Pro-
dukcia oxirdnov je ale vfznamne zdvisld od Struktfry
a vlastnostlalk6nu. Tak naprrklad v reakcii 1,3-butadi6-
nu s ozonom vznika l  3 ,4-ox i rdn s vy i taZkom iba
2,3 o/o [31]. Podobne reagoval aj cyklohex6n, kedy oxi-
rdn vznikal iba v stopovom mnoZstve. Na druhej stra-
ne ale tetrametyletyl6n a tetrakyanoetyl6n tuorili oxirdn
vo rryitaZku 93 % resp. 60 % [32]. Predpokladd sa, 2e
tieto oxidacn6 reakcie prebiehaj0 skor priamou oxidd-
ciou prislu5n6ho alk6nu Criegeeho biradikalom alebo je-
ho cyklickou dioxirdnovou formou. Vznik O (tP) a jeho
reakcie vo vn0tornom prostredi nie je ale moZne vylu-
cit, lebo O (tP) sa tvoriaj infmi reakciami, naprfklad fo-
tolfzou 03 dennyim svetlom.

Criegee navrhol svoj mechanizmus ako interpret6ciu
priebehu reakcie 03 s alk6nmi [34]. Ale ani najnov5ie
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prace z tejto oblasti [35-37] nevyrie5ili doposial'v5etky
probl6my spojen6 so vznikom a reakciami Criegeeho
biradikdlu. Zo sudasnfch poznatkov tejto oblasti ch6mie
je ale uZ jasn6, Ze Criegeeho biradikal je potrebn6 za-
radit medzivyznamn6 reaktivne dastice ch6mie vonkaj-
Sieho a vnftorn6ho ovzduSia.

Podobne aj oblast reakcii Cl' radikdlov s VOC cakd
na nov6 zhodnotenie prispevku tejto ch6mie [38-40]
k ch6mii transformacnfch reakcil prebiehaj0cich vo vn0-
tornom prostredi. lde najmd o zistenia, v ktoryich reak-
cidch Cl' radikdlvznikd a v alqich koncentrdcidch. Nap-
rrklad C|3CCH3 je prioritnou znedisteninou vnutorn6ho
prostredia, ktord pri transformacnyich reakcidch produ-
kuje Cl' radikdly s C|.C-O' intermedidtu:

C|3C-O' -+ C|2C=O + Cl '

Je  zndme,  2e  C l ' rad ikd l  reagu je  s  ozonom na
CIO' radikdl, ktor6ho ch6mia vo vn0tornom prostredi
nebola doposial' vobec Studovand.

2.4 TUHE CASTICE VO VNUTORNOM OVZDUSf

Podobne ako vo vonkaj5om prostredi, hrajI vliznam-
n[ 0lohu vo vnftornom znedistenom prostredl aj tuhe
castice. V5eobecne moZeme povedat, 2e ak neexistu-
j[ vn0torn6 zdroje dastic, potom koncentracnd froven
vo vn[tornom prostredi odr62a koncentrdciu castic vo
vonkajSom prostredi. lde najmd o dastice PM 2,5 a PM
10 (Part iculated Matter, PM) o rozmeroch 2,5 resp.
10 pm [41]. Vy55ie vnutorn6 koncentradn6 hladiny 6as-
tlc srivisia predov5etkym s dinnostami vykondvanyimi vo
vn0tornom prostredi. Jednyim z najvdidSich zdrojov das-
t ic vo vn0tornom prostredi je fajcenie [42]. VdZnym
probl6mom ch6mie castic je skutocnost, Ze mnoh6 cas-
tice s[ zlo2en6 s PAH alebo nitro-PAH [43] a vdycho-
vanim dochddza k expozlcii\imito genotoxickfmi latka-
mi  (mutag6nne a karc inog6nne fc inky) .  Dal5 im
qiznamnlim zdrojom 6astic vo vnritornom prostredije
aj kfrenie a varenie. Naprfklad merania v niektonich cin-
skych domdcnostiach ukdzali typick6 vnftorn6 koncen-
trdcie castic v rozmedzi 250-900 pg.m* 14r',, 451 alo
v domoch, ktor6 pouZfvali na krirenie uhlie a koncentrd-
cie castic v rozmedzf 950-3500 pm-3 v domoch, v kto-
ryich sa kfrilo biologickfm palivom. Tieto hodnoty kon-
trastuj0 s koncentrdciou 6astlc vo vonkaj5om prostred[,
ktord sa pohybovala v rozmed zi 250410 pg.m*. Vyso-
kd koncentr6cia castic spojend s pouZitim uhlia ako pa-
liva koreluje s mutag6nnymi 0cinkami emisii, ktor6 sa
prejavuj0 vo z4i5enom vfskyte rakoviny pl'0c v eine
[46]. Podobne v domdcnostiach v Nepdle, ktor6 vyull
vajf biomasu ako palivo, boli najden6 vo vnftornom
ovzdu5f vysok6 koncentrdcie dastic v koncentradnom
rozmedzi 290042 000 pg.m* l+41, zatial' do koncen-
trdcia castic v okolitom ovzdu5f bola iba 280 pg.m-3.
Castice s rozmermi men5imi ako 4 pm predstavovali
koncentradn0 frakciu v rozmedzi 870-14 000 pg.m-3.
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Zdravotn6 probl6my ale nevyvoldvajf samotn6 VOC,
ale najmd produkty chemiclqich transformacnlich reak-
cii, ktor6 sa nachddzalu vo vnftornom ovzdu5f [3, 48].

3. ZAVER

Je jasn6, Ze chemick6 transformadn6 reakcie hraj0
podstatnri 0lohu vo vnftornom znedistenom prostredi.
Je potrebn6 spoznat kvalitatfvne a kvantitatfvne emisie
VOC z roznych zdrojov a na zdklade tfchto poznatkov
potom stanovit vlznamnost jednotlir4ich reakcii a zdro-
jov reaktlvnych castic a intermedidtov vo vn0tornom
prostredi. AZ potom budeme schopnirozhodnri{ aj pro-
bl6m spojenf naprfklad s paralelne beZiacimi reakcia-
mi, aklimi su uZ dnes zndme paraleln6 reakcie limon6-
nu s O.  (k :  2x 10-16)  a s  HO'  radikd lom (k = 1,7x 10-10
cm3.molekula-1.s-t). V;iznamnfm probl6mom bude aj
analyza toxickfch a genotoxickfch produktov genero-
vanfch chemicklTmi reakciami a zhodnotenie rizik spo-
jenyich s ich pritomnostou vo vnttornom prostredi[49].
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FYZIOLOGIA ODIEVANIA III.
KOMFORT NOSENIA

Murdrovd, A., Jambrich, *M., MurarovA, **2.

Fakulta chemickej a potravindrskej technol6gie STU, Radlinskdho 9, 812 37 Bratislava

*Fakulta priemyselnych technologii TrU, T. Vansovej 1054/45, 02032 Plchov

**Lekdrska fakutta IJK, Spitdlska 24, 813 72 Bratistava

Komfort nosenia odevu kore5ponduje s pohodou,
psychikou a zdravim cloveka. Zabezpecuje ho vo vel'-
kej miere textflia, z ktorejje odev vyrobenf. Komfort pri
noseni sa deli na termofyziologiclqT a pokoZkovosenzo-
rickyi.

Termofyziologickf komfort text i l i i  je urdovanyi ich
schopnostou transportovat teplo a vlhkost v textilnfch
vrstvdch odevn6ho syst6mu. Transport tepla a vlhkos-
ti sltiZi k vyrovndvaniu energetickej bilancie 6loveka. Pri
rovnovdZnej energetickej bilancii cloveka je v odeve
komfoft. Mechanizmus transportu tepla a vlhkosti od ko-
2e cez textil 1e zlolity dej, [1 , 2,3l.Maximdlny termofy-
ziologick! komport v Sir5ej oblasti pouZitia odevu sa
moZe dosiahnut vtedy, ak je mechanizmus transportu
tepla a vlhkosti optimalizovanyi. To sa nedosiahne jed-
noducho iba pouZitim urdit6ho druhu vldkna pre pripra-
vu textilie, lebo kaldil druh vldkna je Specifickyi a pris-
p ieva  iba  pod ie lom k  dos iahnu t iu  max imd lneho
fyziologickeho komfortu. Napr. vlna je hygroskopickd,
avSak na povrchu vldkna je hydrof6bna. Syntetick6
vldkna PES, PAD a PAN su na povrchu hydrofiln6, sti
v5ak mdlo alebo v6bec nie s[ hygroskopick6. POP vldk-
na s[ hydrofobne a nehygroskopick6. Bavlna a visk6-
zovd vldkna sti hydrofiln6 a zna6ne hygroskopick6, tak-
Ze desorpc ia v lhkost i  z  n ich je  pomald.  Niektor6
transportn6 charakteristiky zakladnych druhov textil-
nfch vldkien s0 na obr. 1-3, [4]. Uveden6 charakteristi-
ky vldkien predurdujri sp6sob transportu vlhkosticez tex-
tilnf vrsNu z nich vyroben0. Fyziologickd funkcia vldkien
sa moZe zvdc5itfyzikdlnou, chemickou a technologickou
mod if i kdciou vldkien, alebo texti I nou modif i kdciou.

PokoZkovosenzorickli komfort vyjadruje pocity, kto16
vznikajI pri mechanickom kontakte textflie na pokoZke.
Prijemn6 pocity vyvoldvaj0 textflie s mdkkfm griffom
a splyivav6. Neprijemn6 pocity srjr svrbenie, lepivost tex-
t i l ie na vlhk0 koZu a in6. Je zndme, Ze napr. niektor6
vldkna z vlny u precitlivelfch I'udisti intolerantnf, dr62-
dia tlakov6 receptory v koZi a vyvoldvaju neprfjemn6
svrbenie. PokoZkovosenzorickyi komfort celkove je da-
nf schopnostou textilie transportovat vlhkost, ktoru za-
bezpecuje Strukt0ra povrchu vldkien a textflie. Modifika-
ciou Strukt0ry povrchov sa m6Ze vyr{zne menit
pokoZkovosenzorickyi komfort nosen ia.

PoZiadavky na textflie urden6 pre odievanie sa vyraz-
ne zvy5uj0 v poslednom obdobi v smere zvy5ovania
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celkov6ho komfoftu pri nosenf odevov. Vo r4iskume sa
vyvijaj0 nove metddy a metodiky na hodnotenie termo-
fyziologick6ho a pokoZkovosenzorick6ho komfortu, [ 5,
61. Skorej sa pouZlvalo iba subjektivne hodnotenie kom-
fortu uZivatelbm odevu. Dokdzalo sa, Ze celkove kom-
fort je charakteristika odevn6ho syst6mu meratelhd ob-
jektivnymi postupmi.

Termofyziologickf komfort TK, sa hodnoti subjektfv-
ne podla stupnice zndmkou od 1 po 6 takto:

zndmka 1 - vel'mi dobry? TKt
znAmka2-dobryiTKt
zndmka 3 - uspokojir4i TKt
zndmka 4 - dostatocn;i TKt
zndmka 5 - neuspokojiqi TK1
zndmka 6 - nedostatocn;i TKt

efselna hodnota TKl sa moZe stanovit na zdklade
subjektivnych pocitov, ale aj objektivne postupom na
zdklade meran i a charakteristlk, kto 16 ovplyvfi uj ti
komfort.
Charakteristick6 fyziologick6 veliciny textilie, kto16
ovplyvfi uj I termofyziolog ickyi komf ort nosen ia s[ :

ir, - index prechodu vodnej pary cez textiliu
F,- schopnost kr6tkodob6ho prijimania vodnej pary
Ko - pufracnd hodnota pre parn0 f6zu potu
a, - pufra6nd hodnota pre teplotu
K, - pufracnd hodnota pre kvapaln0 fdzu potu
F1 - priepustnost vlhkosti
Rct - odpor prechodu tepla cez mokr0 textiliu
L - vetratelhost
cr - koeficient
Na zdklade zndmych hodnot fyziologickfch velicln

stanoven y ch z experi me ntdl nych meran I moZno stano-
v i t  c fse lnI  hodnotu termofyz ikd lneho komfor tu pr i
rOznom stupni potenia:

TKr = f (irt, Fi, K6, €lT, Kr, F,, R6, L, o) (1)

Jednoznadne sa zistilo, Ze cfm vySSia je hodnota ir,
a F;, tfm je termofyziologickf komfort priaznivej5i pri
normalnom potenf. Pri pocitovanom potenf s0 vliznam-
n6 hodnoty & d d1, ktof6 vyjadruj0 pufrovacl0cinok pre
plynn0 tdzu. Pri silnom potenf vystupuj0 d'alSie velidiny
K, a F,, ktor6 vyladruju pufrovacffcinok textilie pre kva-
paln[ fdzu potu. Pufradn6 hodnoty pre plynn0 a kvapal-
n[ fdzu potu moZno 4irazne ovplyvnit modifikdciou pov-
rchov vldkien a zosl'achtovanfm textilii zmdkdovadlami,
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hydrofobizdciou, alebo infmi textilnlimi pomocnlimi 6i-
nidlami, [2]. Korelacia medzi subjektlvne vnimanyim ter-
mofyziologicklim pocitom pri nosenitextilie a vypocfta-
nfm na zflklade experimentdlnych hodnot stanovenych
sk0Sobnyimi met6dami je vysokd. Z uveden6ho vyplf-
va,2e termofyziologickli komfort je meratelhd charak-
teristika pridanfch podmienkach nosenia , vyjadrend ci-
selne v intervale od 1 do 6.

Dal5ou metodou na hodnotenie komfortu nosenia
odevu je stanovenie strednej teploty koZe T' ktord je
signdlom komfortu na chlad a stupei pokrytia koZe po-
tom faktordiskomfoftu d, ktory je signdlom komfortu na
teplo. Totdlne pokrytie koZe potom zodpovedd d = 1.
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Podobne ako termofyziologickf komfort TK, aj po-
koZkovosenzorickf komfort TKH sa m62e hodnotit
subjekt ivnou metodou zndmkou od 1 do 6, alebo
objektinym hodnotenim, t. j . skti5obn;imi metodami.
C harakteristick6 fyz i o lo g ick6 vl astnosti textil ie, kto16
ovplyvnuju pokoZkovosen zorick' i komfort nosenia
sri:

Vldkna a textil I (4) 279-283 (2001)

i,n, - index prechodu vlhkosti
io - povrchoW index
n* - po6et kontaktnyich bodov textilie s pokoZkou
i* - index lepivosti textllie na pokoZke
i, - index zmdcavosti
s - tuhost
cr - koeficient
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Obr. 6 Priedne profily vl6kien

Vzfah, podl'a ktor6ho sa de vypoditat TK, z experi-
mentdlnych meraniv ur6itom rozsahu podmienok nose-
nia - druh a zloZenie odevn6ho syst6mu, tyzickil vfkon
dloveka a klimatick6 podmienky je danyi funkciou:

TKH = f( ir t ,  io, I l l ,  ix, i9, S, ct) (2)

Charakteristiky io a n1s0 funkciou makro5trukt0ry po-
vrchu vldkien a textilie. Podiel drdZdenia mechanickych
receptorov v koZi vyvoldva tieZ lepivost textilie na po-
koZku, 6o srivisl s indexom lepivosti, indexom zmdd,a-
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vosti a schopnostou transportovat pot smerom od po-
koZky von. Modifikdciou a zoSl'achtovan[m povrchov
vldkien a textilie sa vfrazne index lepivosti menf [2].

PokoZkovosenzorickf komfort zdvisI vyrazne od kon-
Strukcie textilie. Hladka textilnd kon5trukcia md velkli
kontakt s pokoZkou a tomu zodpovedaj0cu vysoku hod-
notu n* a vysokyi kapildrny kontakt, ktoryi sposobuje le-
penie textflie na pokoZke. Od textilie sa vyZaduje, aby
bola urcita,,rozperka" medzi pokoZkou a textilnou vrst-
vou.Znften0 lepivost moZe zabezpecit textilia vyrobe-
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nd z tvarovanfch vldkien. Tejto funkcie sa dobre zhos-
tia vldkna tuarovan6 vzduchom.

Komfort nosenia v zdvislosti od profilu vldkien je znd-
zornen;i na obr. 4. Vldkno Coolmax od DuPont je pro-
filovan6 - Stuorkandlov6 a porovndva sa s PA 6,6 vldk-
nom s kruho4im profilom a bavlnou. Profilovan6 vldkno
Coolmax vykazuje vel'mi dobryi komfoft nosenia [2].

Zvf5enf transport vlhkosti v porovnani s klasickfm
vldknom maju vldkna profi lovan6 v priednom smere
v ddsledku zvyi5en6ho povrchu a zvli5enej adsorpcie
a migrdcie vlhkosti na povrchu, obr. 6.

Na obr. 5 je znAzornenf rozdielny transport vlhkosti
vldkien jemnyich, stredne jemnfch a mikrovldkien.
Priadze z mikrovldkien maj[ velkf celkovf povrch, po
ktorom transportuje viid5ipodielvlhkosti od pokoZky do
vonkajSieho prostredia.

Pocetnfmi meraniami sa zist i lo, 2e TK1 a TKs sri
u roznych druhov textfli ir6zne a nie vZdy vzdjomne ko-
re5ponduju. Celkove komfoft nosenia moZno uiznam-
ne menit mnohfmi sposobmi. Jednyim z d'al5fch sp6so-
bov zlep5enia komfoftu s0 nov6 kon5trukcie textilie, [7].

Textilie integrovan6, alebo viacvrstvov6 zabezpedia
komfort aj velmi ndro6n6mu uZfvatelbvi.

Textilie a odevy od 5pi6koWch 4irobcov s0 sk05an6
na komfoft nosenia a s0 oznacovan6 znackou,,Komfort-
Tex". Komfort nosenia odevu sa stdva stdle viacej ar-
gumentom predaja.
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FYZIOLOGIA ODIEVANIA IV.
EKOHUMANNE A HYGIENICKE VLASTNOSTI TEXTILII

Murdrovd, A., Murdrov{, *2.

Fakulta chemickej a potravindrskej technol6gie STU, Radlinskdho 9, 812 37 Bratislava

' Lekdrska fakulta UK, Spitdlska 24, 813 72 Bratislava

Pri uirobe vldkien a textilu vstupujri do vzfahov k pr[-
rode r6zne suroviny a rozne uirobn6 a spracovatelsk6
postupy. UZ v tomto Stddiu sa musf zohladnovat eko-
logichi vplyv na zdravie cloveka. Ekologia pri vfrobe
podporuje humdnnu ekol6giu.Velkf vyznam na zdravie
cloveka md likviddcia odpadov zvyrob a spracovania
vldkien a textilu, ako aj likvidacia odpadu vldkien a texti-
lu. Odpadovd ekologia podporuje humdnnu ekologiu, [1].

Humdnna ekologia na urovni textilnyich a odevnfch
produktov rieSi vztahy medzi dlovekom a pouZlvanim
trichto produktov. Z tohto hl'adiska sa klad0 na vldkna -
textllie - odevy stdle ndrodnej5ie poZiadavky. VyZaduje
sa, aby neobsahovalizdraviu Skodliv6letky, alebo pri ich
Specifickom pouZfvani, na ktor6 s0 urden6 nevznikali
Skodliv6 latky nad povolen6 mnoZstvo, tab. 1,121.

Uveden6 krit6ria obsahuj0 EKO-TEX standardy.
Zakladn! normativny dokument je EKO-TEX standard
100; urcuje v5eobecn6 podmienky pre zlskanie ozna-
6enia textflie ,,Textil d6vernf", obr. 1. Trito znadku ude-
lujf pre textilnyi vfrobok skri5obn6 inStit0cie, ktor6 s0

Tabulka 1 Limitn6 hodnoty Skodlivin vo vybranfch textilnfch materi6loch

v medzindrodnom spolocenstue pre uiskum a sku5anie
v oblasti textilnej ekologie, [2].

Komplexn6 zhodnotenie text i ln6ho vfrobku podl 'a
EKO-TEX Standardov obsahuje e5te niektor6 dal5ie sk[S-
ky, napr. pachov6 sku5ky a na stanovenie alerg6nov.

Skodliv6 letky v odeve m62u ohrozovat cloveka pri
jeho noseni, pri priamom kontakte s koZou, vdychova-

Scho d stoffge p riifb Texti I I en
noch Oko-Tex Stondord 100
Pruf-Nr. 00.0.0000 . Fl Hohenslein

Obr. 1 Texti ld6vernf, EKO-TEX Standard 100

VERTRAU

Druh materi6lu Texti ln6
vldkna

PloSn6
textilie

Odevy Detsk6
o0evy

Bytov6
textilieaSkodliviny

vlna, hodvdb
in6 materidly

4,0-7,5
4,8-7,5

4,0-7,5
4,8-7,5

4,0-7,5
4,8-7,5

4,0-7,5
4,8-7,5

4,0-7-5
4,8-7,5

Obsah volh6ho
formaldehydu, ppm 75p01 goolts2 goolts' goolts"

Obsah taZkfch kovov, ppm:
As
Pb
cd
Cr

Cr (Vl)
Co
Cu
Ni
Hg

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

4,0
50
4,0
0,02

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

4,0
50
4,0
0,02

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

4,0
1501502

4,0
o,a2

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

1

5
1

0,02

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

4,0
50
4,0
0,02

Obsahs pesticidov, ppm 0,05-1 0,05-1 0,05-1 0,05-0,5 0,05-1
Obsah pentachl6rfenolu, ppm 0,5 0 ,50,50 ,5 0,05
Odolnosf farbiva:

vo vode
pri prani
pri poteni
pri odere

3
3-4
34
4

3
H
H
4

3
3-4
H
4

3
34
34
4

st6le
stdle
stdle

4

lniZ5i ridaj plati pre deti, 2niZ5i ridaj plati bliZ5ie
jednotlivyich druhov
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k pokoZke, 3uterdky, frot6, apoZiadavky na bytovf textil pre deti s0 vySSie, spodla
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Tabul'ka 2 Najvy55ia
v ovzdu5i

pripustn6 koncentrecia textilnyich prachov

Vldkennyi prach NPK, pg.m-3

bavlna
I'an
konope
s isa l
juta
srst
perie

nim, alebo potravou. Vychddzajuc zo skfsania Skodli-
v[n, tab. 1. a chemick6ho zlolenia, textiln6 vldkna, textil
alebo odev z nich zhotovenf podl'a najnov5ich poznat-
kov vedy pri norm6lnom pouZivaninie s0 zdraviu Skod-
l iv6.

Textilie pri noseni mOZu byt zdrojom nealergickfch
reakcif, ktor6 rozdelujeme do troch skupln, [3]:

- fyzikdlne drdZdenie
- chemicko-toxick6 vplyvy
- pseudoalergie.
Niektor6 textiln6 vldkna spdsobujI drdZdenie na ner-

vovti zakondenia v koZi. DrdZdenie vldknami sa zvf5i
pri poten[, co moZe u I'udi atopikov vyvolat zapalov6
ochorenie koZe - Dermatitis. Zndma je intolerancia vl-
ny, ktord dr62di ko2u zrohovatelfmi koncami vl6kien.
Tento nedostatok sa moZe odstranit povrchovou 0pra-
vou vlnen6ho textiln6ho vlirobku.

Chemickotoxick6 ochorenie moZu vyvolat letky spre-
vddzaj0ce textilnf materidl. Tento probl6m sa rieSi uZ
v Stddiu vyiroby a spracovania textilnfch vlirobkov, te-
da v rdmci nirobnej ekologie. DalSiu skupinu toxickfch
ldtok tvoria latky zo Zivotn6ho prostredia, ktor6 sa aku-
muluj0 v textile v zdvislosti od textilnej kon5trukcie a pri
urcitej koncentrdcii posobia na koZu Skodlivo. Postupy
o5etrovania textili ia odevov pranim, alebo chemickfm
cistenim mdZu tento vplyv 0plne vyl0cit.

Pseudoalergie s[ reakcie, ktor6 imituju imunogenn6
reakcie, avSak v podstate su to nealergick6 reakcie. Vy-
volat ich moZe napr. prili5 uzky odev.

Samostatnf skupinu tvoria prachy vznikaj0ce zvl6-

UV-Ziarenie UV-2iarenie

Priepustnost

Absorpcia

Obr.2 Blokovanie UV Ziarenia cez textil a vldkno
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kenn6ho materidlu. Sri to vldknit6 6astice, kde jeden
rozmer prevaZuje nad ostatnfmi. Vdychovanlm sa lhh-
ko dostanu do organizmu, kde drdZdia sliznicu dfcha-
cfch ciest a svojimi antigennyimi vlastnostami provoku-
j0 organizmus k tvorbe protildtok a ndsledne k alergickej
reakcii. Typick6 ochorenie dfchacich ciest, ktor6 vyvo-
ldva prach z celulozovlich textilnyich vldkien sa vold by-
sinoza. Zui3end koncentrdcia tohto prachu je pri rnirob-
nfch procesoch, napr. v pradiarniach.

Draldlvy 0cinok majf tieZ niektor6 vldkna Zivodf5ne-
ho pOvodu. Vldkennyi prach zachytdva Skodliviny z ov-
zdu5ia, a tak sa jeho toxickf ricinok zndsobuje. Vzhl'a-
dom k tomu, 2e vldkennli prach je nosnyim m6diom pre
in6 Skodliviny, hodnotl sa pra5nost v textilnfch r4irob-
niach na roznych 0rovniach podla Johanesburgskej
konvencie z r.1959. Prfpustnd koncentrdcia prachu je
kontrolovand hygienickfmi in5tit0ciami. Najvy55ie pri-
pustn6 koncentrdcie niektoryich druhov vl6kenn;ich pra-
chov s0 uveden6 v tab. 2,141.

Z hl'adiska hygienick6ho sa v prvom rade posudzuje
distota odevu. Spina m62e vyrazne negativne ovplyv-
nit fyziologickri funkciu odevu. Upchdva pory v textili i
a dasto posobihydrofobne, 6[m obmedzuje prechod vlh-
kosti cez textilnf vrstvu a zniluje termofyziologickf
komfort nosenia. Vhke a Spinavd textilia m6 vysokf in-
dex lepenia na pokoZku, cim sa zhor5uje pokoZkovo-
senzorickli komf ort nosenia.

K hygienickyim vlastnostiam textili l a odevov moZno
priradit bari6rov6 vlastnosti. lch vfznam je Specifickf
vzhl'adom na klimatick6, poveternostne a pracovn6 pod-
mienky.

V poslednom obdoblsa zdoraziuje vjznam textilu pri
slnednom Ziareni [5, 6,7, 8]. Zivot naZemije nepred-
stavitel 'nyi bez Slnka. Cast Ziarenia jeho sveteln6ho
spektra je UV-Ziarenie. UV-C Ziarenie, l .  = <20-
280nm>, sa pohlcuje v zemskej atmosf6re. UV-BZiare-
nie, l" = <280-320nm>, je pre koZu nebezpecn6, lebo
vyvoldva oneskoren0 pigmentdciu s karcinogennfm
ndsledkom. UV-A Ziarenie, L: <320400nm>, vyvold-
va vdasnf pigmentdciu koZe. Pri normalnom hnednutf
koZe sa jednd o ochrannyi mechanizmus koZe proti
5kodl iv6mu Ziareniu. Ak prekro6i slnenie urcit f  prah
sderueiania - Erythemovli prah, dochddza k po5kode-
niu koZndho tkaniva. Tento stav nastdva u ludf indivi-
dudlne, je danyi genetickou preddispozlciou a dalSimi
faktormi.

Textilie moZu byt jednoduchou a efektfvnou ochranou
pred UV Ziarenim. Ochrannli ucinok textilnejvrsUy proti
UV Ziareniu zdvisf od druhu vldkien, kon5trukcie priad-
ze, kon5trukcie plo5nej textilie, ploSnej hmotnosti, ob-
sahu v lhkost i ,  farb iva,  zo5l 'achtenia,  a  t ieZ stupna
opotrebonia pri nosenI odevu.

UV-priepustnost textilnou vrstvou je urcend priepus-
tnostou vldkien a priepustnostou cez medzivldkenn6
priestory, obr. 2, [5, 6].

Principidlne s[ dve cesty ako moZno UV-priepustnost
redukovat:

Priepustnost
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Tabulka 3 Klasifikdcia letndho odevu Tabulka 5 Priepustnost UV Ziarenia tkaniny v zdvislosti od
farblv

UV oriepust-
nost,Yo UVF

Klasifikdcia
_ _L-_- .  Oznadenie Kateg6r ia
ocnrany Tkanina z

visk6zov6ho vl6kna
UV priepustnost, %

leso lsgo lgao
2,5

2,5-3,3
3,4-5,0

vynikaj0ca
velmi dobrd

dobr6
1 4
5

bie la
Ltta

40+ l l l
30 l l
2 0 r

40
30-40
2o-29

21
42
24
95

1 8
4

1 9
9

cerven6
modrd
zelend

4
I
I

lsoolsoo
Druh
PES

5 1 2 3 8 4 3 4 6
1 7 3 0 4 0 4 0

2
3,6
4

2
3
3Tabulka 4 UV ochrannyi faktor vl6kien

bavlna
hodv6b
polyesterov6
visk6zov6 sun

- vdd5ou hustotou uloZenia vldkien v textfliach sa
zvli5i pokrytie koZe textilnou vrstvou

- zlepSenim absorpcnfch a reflexnyich vlastnostfvld-
kien.

UV absorb6ry selektlvne absorbuju UV Ziarenie a pre-
mienaj0 ho na teplo. MoZu byt vo vldknach viazan6 che-
micky a permanentne. Niektor6 farbivd absorbuj0 UV
svetlo a pOsobia ako UV absorb6ry. TiO2 vo vleknach
zvy5uje UV absorpciu a tieZ reflexiu.

UV ochrannyi faktor - UVF - sa stanovuje spektrofoto-
metricky v rozsahu )\ = <280400nm>, podlh vztahu (1 ).

UVF =

I:=^s^t^n^
280

kde E^ - relatfvna Erythemove spektrdlna udinnost, S,
- spektrelne rozloZenie slnecn6ho Ziarenia v Melbourn,
T^ - priepustnost UV Ziarenia cez textiln0 vzorku, )" -
vlnovd dlZka v nm, Ar - rozsah vlnovfch dlZok v nm.

Udaje sa zfskavajI pri obednaj5om slnednom Ziare-
ni. UVF uddva dlZku pobytu na slnku bez toho, aby sa
prekrocil Erythemovf prah.

Priepustnost UV Ziarenia zdvisl od optickej porozity
textilie. Ak je optickd porozita textilie vdc5ia ako 2o/o, po-
tom priepustnost UV Ziarenia je nad 500/0.

Tabulka 6 UV priepustnost PES vlaikien

UV priepustnost, %
lgso laoo laso

klasick6
mikrovl6kno

Vyfarben6 vldkna prepu5t'aju menej UV Ziarenia neZ
vldkna biele v celom rozsahu UV spektra. Priepustnost
UV Ziarenia pre tkaninu z hladk6ho viskozov6ho vlek-
na je uvedene v tab. 5.

Vychadzaj[c z textilnej kon5trukcie vyplwa, Ze UVF,
suvisis porozitou textilie. Ak bude 98 % koZe pokrytej
odevom, uddva sa teoreticky maximalny UVF s hodno-
tou 50 [5].

Medzindrodn6 spolocenstvo uiskumnlich a skfSob-
nyich in5tit0cii pre sku5anie UV ochrany koZe textiliou
v praktickfch podmienkach zaviedlo hodnotenie textili i
podl'a Standardu 801, podl'a ktor6ho sa stanovuje UV
ochrann;i faktor textilie a oznadovanie textilnfch uirob-
kov znackou, obr. 3, [7]. Je to doleZit6 a zmyslupln6 kri-
t6rium pre kupuj0ceho a zdroven podnet pre r4irobcov
vldkien a textili i.

Z uveden6ho prehl 'adu vidiel,  2e textf l ie m6Zu byt
z h l 'ad iska humdnneho a hygienick6ho vfznamn; im
zdrojom pre zdravie cloveka v pozitfvnom, ale aj nega-
t lvnom zmysle.
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ZO ZAHRANICNYCH CASOPISOV

Vfvoj strojov na spracovanie elastickfch priadzi
INTERNATIONAL TEXTILE BULLETIN, 46, 2OOO, 6. 1 ,
s . 5 1 - 5 4

Definovan6 elasticita tkaniny v smere osnovy alebo
0tku alebo v oboch smeroch sa dosiahne pomocou
elastictaich priadzf (elastanov6 nite obs0kan6 tvarova-
nfmi hodvdbnymi alebo str iZovyimi priadzami alebo
elastanov6 nite opraden6 striZouimivldknami). S0 uve-
den6 charakteristiky elastickej priadze v osnove a utku.
Je popisan6 spracovanie elasticklich priadzf na Stipco-
Wch tkaclch strojoch.

Ne5pinivd riprava PES pot'ahovfch l6tok do auto-
mobilov: Efekty a probl6my
INTERNATIONAL TEXTILE BU LLETIN, 46, 2OOO, 8. 2,
s.75-82

Spi nu odpudzujuca 0 prava organickf m i zlf6eninam i
fluoru naSla uplatnenie pri potahowch htkach do automo-
bilov. Experimentdlne sa potvrdili r4ihody ne5pinivej 0pra-
vy. Vfsledky sa v5ak vztahuj0 len na testovan6 uirobky
a Specidl ne f arbivd pouZfvan6 na f arben ie automobilonich
textfl i i. N ajvhod n ej5fm sp6so bo m apl i kricie f I u 6 rovanyich
pripravkov je jednostrannf ndnos. Na Spinivost materi6-
lu md okrem chemickej 0pravy nezanedbatelhf vplyv aj
typ vlakien a kon5trukcia textiln6ho materidlu.

Mikrovl6kna - Novf imidi chemickfch vl6kien
INTERNATIONAL TEXTILE BULLETIN, 46, 2OOO, E. 4,
s .12 -24

Predmetom rozsiahleho cldnku s0 mikrovldkna, kto-
16 svojimivlastnostami predcia prirodn6 vldkna. Podrob-
nej5ie je poplsand niroba a pouZitie mikrovldkien (zdra-
votnicke udely, f i l t racn6 textf l ie, Sportov6 odevy,
oblecenie na vol'n1i cas, imitdcie koZe, atd'.). Clanok je
doplnenf sch6mami a obrdzkami.

Biologickf sposob odb0ravania farbiv z odpado-
vich vod
INTERNATIONAL TEXTILE BULLETIIV, 46, 2OOO, C. 4,
s.65-72

Predmetom dldnku je cistenie odpadovfch vod zfar-
biarnf. Na cistenie odpadoWch vod existuje vel'a sposo-
bov. Av5ak zvy5kov6 mnoZstud farbiv v odpado4ich vo-
ddch sa pouZitfm beZnfch met6d odstrdnia
nedostatodne. PouZitie dodatodnfch chemickfch alebo
fyzikdlnych postupov je spojen6 s vysokymi investicnf-
mi, prevddzkouimi a infmi ndkladmi.Zaradenfm acido-
g6nne anaer6bneho stupia sa dosiahli pozitlvne vf-
sledky. Z uskutocnenfch pokusov vyplfva, 2e
anaer6bnou pred0pravou dochddza k prevedeniu neod-
b[ratelhych ldtok na ldtky odb[ratelh6. Odpadov6 vo-
dy na ujtoku z distidky odpado4ich vdd vykazovali hod-
noty SAK, ktore boli niZ5ie neZ zdkonom predpisan6
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limity: 4,5 (pri vlnovej C[Zt<e 435 nm); 2,6 (pri vlnovej
alZxe 525 nm) a1,7 m-1 lpri vlnovej oiZke 620 nm). Dal-
Sou vlihodou anaer6bnej pred0pravy je znftenie CHSK
zo 110 mgll na 40 -50 mg/|. Cldnok je doplnenf sch6-
mou distiarnf odpadornich vdd.

Antimikrobi6lne textf l ie
INTERNATIONAL TEXTILE BULLETIN , 46,2000, 6. 5,
s .12 -32

Podrobn6 informdcie o mikroorganizmoch na textlli-
dch,  ant imikrobid lnych v ldknach,  ant imikrobid lnych
ripravdch textil i i, hyg i en i ckf ch pri ad zach, anti bakteri dl -
nych r0nach, sku5ani antimikrobialnej 0cinnosti a pra-
cfch prostriedkoch s antimikrobidlnym fcinkom.

Stane sa PTT vldkno textilnfm masovym produktom?
INTERNATIONAL TEXTILE BULLETIN, 46, 2OOO, d. 5,
s.35-36

etanoX sa zaoberd bud0cnosfou vldkien PTT (poly-
trimetyltereftalatonich) alebo 3-CT vldkien, ktor6 spo-
divajf na PDO (1,3-propdndiole). Vyiznamn;i producent
akry lov l ich v ldk ien,  Specid lnych v ldk ien, ,Spandex"
a Specidlneho polyesteru a polyamidu zacal koncom ro-
ku 1 999 komercn6 vyrdbat PTT vldkna ,,Solo" z PTT
granuldtu ,,Cortena" od firmy Shell Chemicals. Textiln6
materidly maj0 vySSiu roztaZnost, mdkkf ohmat, kon-
kurencn0 cenu, s0 lhh5ie zafarbitelh6. V tabulke s0 uve-
den6 detaily porovnania fyzikdlnych vlastnostf vldkna
PTT s inyimi syntetickyimi vldknami.

Recyklovatel'n6 tkaniny, voduodpudiv6 a prepuith-
j fce vodnu paru
I NTERNATIONAL TEXTILE BU LLETIN, 46, 2OOO, C. 6,
s .4647

Poprednf japonsky r4i'robca chemickych vldkien, che-
mikaliia farmaceutik ,,Teijin Ltd." vyvinul nov0, riplne re-
cyklovateln0 polyesterov0 tkaninu,,Athtoma", voduod-
pudivr i ,  prep05ta jucu vodn0 paru.  Voduodpudiv6
a vodn0 paru prepuStajfce materidly sa rozdel'uju do
troch skupln:

1. vel 'mi hust6 tkaniny
2. maleri1ly povrstven6 polym6rom
3. materidly laminovan6 foliami.
Uveden6 s[ vlastnosti povrstvenej a laminovanej tka-

niny a uisledky testov uskutodnen6 s oboma tkaninami.

Rozpern6 p leteniny so Speci f ickym ochrannf  m
ucinkom
MELLIAND TEXTILBERICHTE, 81, 2000, d. 6, s. 506-
508

Uveden6 s0 informdcie o vWojitrojrozmernlich nehor-
la4ich pletenyich rozpernyich Struktur, ktor6 sa pouZiva-
j0 na uirobu ochrannyich textiliipre rdzne aplikacn6 0ce-
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ly. Uvedena je aplikdcia nehorl'avfch materidlov v no-

Wch v6zbdch a kon5trukcidch. 3 D Strukt0rou vznikd
medzi oboma vonkaj5fmi text i lnfmi plochami vrstva
vzduchu, ktor6 chrdni pred teplom, zarucuje priedu5-
nost a zvy5uje komfort pri noseni. PouZitie rozpernfch
pletenin: odevy pre poZiarnikov, vloZko4i postelhf ma-
teri6l.

Porovnanie met6d na stanovenie CHSK v 6iastko-
vfch odpadovich vod6ch
MELLIAND TEXTILBERICHTE, 81, 2000, 6. 6, s. 523-
524

Cielbm prdce bolo porovnat stanovenie CHSK vo
vzorkdch s vysokou koncentrdciou chloridovlich i6nov
kyvetouim testom a metodou DlN. V tabulkach su uve-
den6 dosiahnute vlsledky testov. Pri stanoveniCHSK
pomocou kyvetov6ho testu sa u vzoriek s vysokfmi
koncentrdciami chloridovfch ionov dosiahl i  hodnoty
o 40 percent vySSie. Metoda aj napriek jednoduchej ma-
nipuldcii je oproti metode DIN nepresnd. Pri stanoveni
CHSK vo vzorkdch s nfzkymi koncentr6ciami chlorido-
Wch i6nov do 1000 mg/l ev. 1500 mg/l sa v rdmci Stan-
dard nlch odchf I iek dosiahli porovnatel'n6 hodnoty.

Katal69 textilnfch pomocnfch prostriedkov
MELLIAND TEXTILBERICHTE, Sl, 2OOO, d. 6, s. 563

Novy katalog textilnfch pomocnfch prostriedkov vrd-
tane CD. Obsah a rozdelenie do skupin:

1. Pomocn6 a zoSl'achtovacie prostriedky
2. Prostriedky na pred0pravu
3. Textiln6 pomocn6 prostriedky pre farbenie a tlac
4. Upravdrensk6 prostriedky
5. UniverzAlne aplikadno-technick6 pomocn6 pros-

triedky pre textilnf priemysel
6. Pomocn6 prostriedky pre chemick6 cistenie
7. DalSie pomocn6 prostriedky.
Cena 248,- DM.

Dobre viditel'n6 textilia s vysohfm podielom bavlny
TECHNICAL TEXTILES, 10, 2001, d. 1 , S.7

Firma Klopmann lnternational vprinula dobre viditelh6
textilie Luminex Cl, 230 gm-2, vhodn6 na r4irobu Special-
nych odevov do prostredis r4ysoloimi teplotami. Odevy sa
moZu nosit priamo na telo. V minulosti bol pre splnenie
svietivosti podl'a normy EN 470 potrebnyi vysoky podiel
polyesteru. Firma Klopmann vyuZila svoje bohat6 skuse-
nosti v oblasti konStrukcie textiliia farbenia a textiliu Lu-
minex vyvinula zo zmesi 60% bavlnal40% PES.

Antibakteridlne netkan6 textilie s dezodoracnfmi
udinkami od f irmy BFF
TECHNICAL TEXTILES, 10, 2001, 6. 2, S.19

Antibakteridlna netkand textilia Zeovate firmy BFF
Nonnovens je vyrobend s pouZitlm vysoko selektfvne-
ho syntetick6ho zeolitu, ktory ma vynikaj0ce dezodorac-
n6 0cinky, najmd v prfpade sirovodika, dpavku a amf-
nov. Zeolit neobsahuje toxick6 chemikdlie. Baktericidny
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ridinok zabezpedujri i6ny kovu. Vd'aka vysokej 0dinnosti
nemusf byt ddvkovanie zeolitu vysok6. Zeolit sa m6Ze
priddvat aj do mimoriadne tenkfch a lahkfch textilii
(30g/m2). Na rozdiel od minulostije dnes moZn6 vyra-
bat tieto antibakteridlne textilie aj v bielej farbe. Textilia
je vhodn6 na uirobu ddmskych hygienickych vjrobkov,
utierok, vlirobkov pre inkontinentn6 osoby, odevov,
vloZkovin a chemickfch 4irobkov.

Odevy chr6niace proti ultrafialov6mu iiareniu
TECHNICAL TEXTILES, 10, 2001 , 6. 3, s. 7-8

Najlep5iu ochranu vodi UV Ziareniu poskytuj0 volh6
odevy vyroben6 z tma4Tch materidlov s hustou Struk-
t0rou, ktor6 zak(yvaju do najvac5iu dast tela. BeZn6 ten-
k6 bavlnen6 tricko prep05ta cca 15-20% UV Ziarenia,
do je podstatne viac, ako odporfdanfch 6% pre adek-
vdtnu ochranu. Schopnost textllie chrdnit vo6i UV Ziare-
niu sa skfSa podl'a noriem AS/NZS 4399, BS 7914
a AATCC 183. V Stadiu rozpracovania je medzindrod-
nd norma pre odevy chrdniace vodi slne6n6mu Ziare-
niu. Princfp merania spoclva v oZarovanivzorky z ume-
l6ho zdroja, pridom detektor na rube textilie stanovl
mnoZstvo Ziarenia, ktor6 preniklo textiliou. V sfdasnej
dobe existuje aj viacero chemickfch [prav, ktor6 zvy-
Sujri stupei ochrany textilif vodi ultrafialov6mu Ziareniu.

Unifi - vliroba a spracovanie priadzl pre 21. storo-
cie
TECHNICAL TEXTILES, 10, 2001, 6. 3, s. 41-43

Firma Unifi ponuka Sirokf sortiment priadzf pre tech-
nick6 a bytov6 textflie, odevy, potahovky do automobi-
lov, pleten6 vfrobky a Sijacie nite. K novfm vfrobkom
patrl: Super Bright - pevnd priadza s vysokfm leskom
vhodnd pre pletene uirobky, tkaniny, plavky; Thick and
Thin syntetickd priadza s I'ahkou fdrZbou a modnym
melanZo4im efektom; Combination yarn -priadza, kto-
rd sa vzhlhdom a omakom typiclqim pre vlnenf priadzu;
Comfoftrel Plus polyesterov6 mikrovldkno s rrysokou ab-
sorpdnou schopnostou, antistatic$imi vlastnostami
a odolnostou voci oderu; Sorbtek - priadze vhodn6 na W-
robu m6dnych klimaticky aktvnych odevov.

Firmy AQF Technologies a Purafil vyvinuli filter na
fi l tr6ciu plynov
TECHNICAL TEXTILES, 10, 2001, 6. 4, S. 9

Filtradn6 m6dium Purafilter m6 v matrici z bikompo-
nentnfch vldkien s uspendovan6 dastice m an g an istan u
draseln6ho. Manganistan draselnf je ukotveny bez
pouZitia lepidla, preto md filter vySSiu kapacitu a efek-
tivnost. Ta je desatndsobne vySSia ako u ekvivalentn6-
ho materiilluz uhlika. Okrem toho je mo2n6 pridat d'al-
Sie chemikdlie, 6im sa roz5iri spektrum zachytdvanfch
ne6ist6t. Technologia CPS umoZfiuje suspendovat ak-
t[vne funkdn6 dastice v hustej trojrozmernej sieti z bi-
komponentnfch vldkien. Vldkna maj0 pevn6 a stabiln6
jadro a pld5t s niZ5fm bodom topenia. Filter je vhodnf
na filtrdciu plynov v sterilnom prostredf.
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Vloika do stre5n6ho substr6tu, ktor6 v sebe spaja
vihody sklenenlich a polyesterovfch vl6kien
TECHNICAL TEXTILES, 10, 2OO1 , d. 4, S. 9

Nosn0 textiliu Combi Mat pouZivanfm pri uirobe asfal-
tornich stre5nyich krytin s pouZitim Standardnfch pos-
tupov a materidlov ponrika nemeckd firma Johns Man-
vi l le of  Werheim. Je vyrobend z polyesterovfch
a sklenenfch vlakien. Md vysoku pevnost v tahu, pruZ-
nost a rozmerovf stdlost. PouZiva sa technologia vpi-
chovania, ktord umoZnuje vytvorit utvar s pevnou Struk-
turou bez neZiadfcich dopadov na substrdt zo
sklenenfch vldkien .Z6rovefi sa zvy5uj0 bezpecnostn6
parametre uirobku, pokial'ide o jeho horlhvost. Novf
materidlje vhodnf tieZ na zvukovri izol6ciu a podlaho-
v6 krytiny.

Vl6kna z obnovitelhlich zdrojov zvy5uj0cich riroveh
TECHNICAL TEXTILES, 10, 2001 , 6. 4, s.20-22

Vldkna Nature Works firmy Cargill Dow su vyroben6
z prfrodnfch obnovitelhfch surovln, a preto plne vyho-
vuj0 zdsaddm trvalo udrZatelh6ho rozvoja. Na ich prip-
ravu sa vyuZiva Skrob z obilnfch z(n, ktoryi sa Stiepi na
prirodn6 cukry a z nich ziskan6 polylaktidy sa po roz-
taveni zvldkiuj0. Tieto vldkna v sebe spdjajf vfhody
prlrodnfch a syntetichich materidlov a stdvaj0 sa zauji-
mavou alternativou pre 4irobu Sirok6ho softimentu tex-
tilnfch materidlov. K ich vlastnostiam patri znfZend hor-
I 'avost, odolnost vodi znedisteniu, vysokf komfort
nosenia, mdkkost, schopnost odvddzat vlhkost, prie-
dy5nost. Texti l ie z tfchto vldkien, alebo ich zmesi
s vlnou, bavlnou a viskozou sa vyuZivaj0 v odevnom aj
technickom sektore.

Firma DuPont vyuiiva biotechnologiu na vfrobu
syntetickich vl6kien
TECHNICAL TEXTILES, 10, 2001 , e. 4, s.23-24

Vldkno SORONA firmy DuPont je vyroben6 z polym6-
ru, ktoni vznikd polykondenzdciou 1,3-propandiolu a ky-
seliny tereftalovej. Firma patentovala technologiu jeho
4iroby bi o lo g i ckyim proceso m b i o kataly zAtor a. SO R O -
NA ma vfborn0 pruZnost a zotavenie po deformdcii,
vldkno je maikk6 a dobre sa farbi. Md podobnf odolnost
vodi roz5tiepeniu a vodi ultrafialov6mu Ziareniu ako po-
lyester. Je vhodne na vfrobu odevnfch, netkan;ich
a zdravotnfckych textilii, textilil do automobilov, potaho-
viek i technickfch textflif.

Zdravotnlcke textilie - svetovf prehlad vfrobkov
a dod6vatelbv
TECHNICAL TEXTILES, 10, 2001 , 6. 5, s. 3-10

Adresdr obsahuje abecednf prehlad zdravotnfckych
uirobkov usporiadanii podl'a obchodnfch ndzvov. Uve-
denf je vfrobca, bliZ5i popis nirobku, jeho vlastnosti
a aplikacn6 oblasti. Nasleduje register nirobkov uspo-
riadanyi podlh aplikdcie v oblasti zdravotnfctva a hygie-
ny a register firiem.
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Inteligentn6 textilie pre zdravotnicke aplik6cie a mo-
nitorovanie iivotnfch funkcii
TECHNICAL TEXTILES, 1 0, 2001 , d. 5, s. 1 1-14

Vfraznfm trendom s0casnej doby je vfvoj inteligen-
tnfch textflii s vyuZitfm biotechnologie a informacnyich
technologii. Firma Bio Key, USA, vyvinula inteligentn6
obvdzy so zabudovanfmi senzorami a mikroprocesoro-
vymi komponentmi pre spracovanie ddt, schopnymi
zhromaldbvat 0daje a vyhodnocovat ich. UmoZnuje
liedit mnoZstvo zdravotnfch probl6mov. Sri schopn6 in-
dikovat aktudlny stav poranenia, fcinnost liecby, dete-
kovat opuch, alebo teplotu, prftomnost bakt6rii a pod.
Vfskumnici belgickdho Starlabu vyvinuli Sportov6 odevy
monitorujfce zdravotnf stav Sportovcov aj vonkaj5ie
podmienky. M62u byt vybaven6 mobilnlimi telekomuni-
kadnfmi prostriedkami, syst6mami schopnyimi lokalizo-
vat osobu, ako aj vyhrievaj0cimi prvkami.

Antibakteri6lne vfplnkov6 vl6kno firmy Wellman
f6inn6 aj proti roztodom
TECHNICAL TEXTILES, 10, 2001 , d. 5, s. 36

FILLWELL WELLCARE je ndzov trvanlivlich uiplnko-
Wch vldkien, ktor6 zabranuj0 mnoZeniu mikr6bov aroz-
to6ov v mAkkom daluneni. lch ucinnost je zarudend po
celf dobu Zivotnosti r47robku. Ucinnou ldtkou je anorga-
nick6 aditivum aplikovan6 v procese vyiroby vldkna.
Sk05ky poWrdili 99 % redukciu prftomnfch baktdrii do
24 hodin a rovnakrl redukciu populdcie roztodov do 4
hiZdnov. Aditivum je netoxicke, nehorlav6, nesp6sobuje
alergie a neovplyvnuje ostatn6 vlastnosti ako hrejivost,
komfort a pod. Vldkna Fillwell sa doddvaj0 so silikono-
vou upravou, alebo s hladkym povrchom s rdznou
dlZkou striZe.

Lamindt na vfrobu Speci6lnych odevov do opera6-
nfch s6l a komfort, akf poskytuiu mikrovl6kna
TECHNICAL TEXTILES, 10, 2OO1 , d. 6, S. 9

Firma W.L.GORE and ASSOCIATES vyvinula Spe-
cidlny lamindt ASSIST FABRIC, vhodnV na vyirobu
ochrannfch odevov do prostredia, v ktorom s0 pritom-
n6 patog6nne mikroorganizmy.Je vyrobenli z membrd-
ny z expandovan6ho polytetrafluoretyl6nu, z tkaniny
a pleteniny, ktord tvori licnu stranu. Lamindt posobi aj
bez hydrofobnej fpravy ako u6innd bari6ra zabrafruj0-
ca prenikaniu kvapalln a patog6nov po cel0 dobu Zi-
votnosti vfrobku. Jeho zmddavost je niZ5ia ako 30
m'Pavlft hmotnost 1 15gm-2 ma mZikkli omak a posky-
tuje vysokf komfort nosenia aj v priamom styku s po-
koZkou.

Trevira obohatila svoj sortiment o bioaktivne vl6kno
TECHNICAL TEXTIIES, 10, 2OO1 , d. 6, S. 9

Firma Trevira vyvinula multifunkcn6 vldkno s bioaktiv-
nymi vlastnostami. Je urcen6 najmd na vjrobu odevov
a postelhej bielizne. Antimikrobidlna 0cinnos{ sa nedo-
sahuje 0pravou ani pouZitim aditlv, je integrdlnou vlas-
tnostou vldkna, a preto zostdva zachovand po cel0 do-
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bu Zivotnosti r4?robku. Vldkno je 0cinn6 voci v5etkfm
beZnyim typom bakt6rii. Nevyvoldva alergick6 reakcie.
Ostatnfmi vlastnostami sa nelf5i od tradicn;ich polyes-
terovfch vldkien. Jeho obchodnf ndzov je TREVIRA
BIOACTIVE.

Specidlne vtdkna a vl6kna pre ndrodn6 technick6
aplik5cie - 2001
TECHNICAL TEXTILES, 10, 2001 , d. 6, s. 27-35

Prvd cast: Abecednf prehl'ad Specidlnych vldkien us-
poriadanf podl'a ich druhoWch ndzvov. Prehlad vlast-
nosti tlichto vldkien, aplikacnfch oblasti azoznam ich
vlirobcov.

Druhd dast: Medzindrodnf adresdr vyirobcov vldkien
pre ndrocn6 aplikdcie.

Nov6 gener6cia komplexotvornich l6tok pre textil-
nf priemysel
TEKSTILNAJA PROMYSIENNOST,2000, c.6, s. 12

Zo sortimentu komplexotvornfch ldtok firmy Travers,
Moskva osobitn0 pozornost zasluhuj0 dva produkty -

Fiolent a Diarin. Dovodom je problematick6 vyuZit ie
technologickejvody s vysolaim obsahom Zeleza,6o md
negatlvny vplyv na v5etky technologick6 procesy, zni-
Zuje ich efektlvnost a zvy5uje podiel nepodarkov. Autori
prispevkov porovndvali  vlastnosti  beZn6 pouZivanej
komplexotvornej latky hexametafosfdtu s vlastnostami
Fiolentu a Diarinu. Na rozdielod hexametafosfdtu Fiolent
a Diarin mali vliraznf vplyv naZelezo, znilovali jeho kon-
centrdciu z 13 mg/l na nulu, pridom povolenyi obsah Fe
v technologickej vode je 0,1 mg/|. Najfcinnej5l zo v5et-
loich troch porovndvanlich produktov bol Fiolent.

Farba pre celul6zov6 vl6kna
TEKSTILNAJA PROMYSLENNOSi, 2OOO, C. 6,
s . 1 6 - 1 7

Rozvoj techniky a technologii, sprlsnenie poZiadaviek
na kvalitu r4irobkov, snahy o zrni5enie ochrany Zivotn6-
ho prostredia a d'alSie faktory viedli k redukcii sortimentu
farbiv pouZfvanfch na farbenie celul6zovlich vldkien.
Dnes sa uZ v Rusku prakticky nepouZfvajI indigosolo-
v6 farbivd a poklesol al zinjem o diazofarbivd a kypo-
v6 farbiva, hoci pri vfrobe kvalitnfch bavlnenfch a I'a-
novyich textf l i i  sa daj0 len taZko nahradit.  Rusko
zaostdva vo vfrobe pigmentov a kvalitnfch zdhustiek.
Sirne farbivd sa zadali vyrabat v kvapalnej konzistencii,
zuLilasa koncentrdcia sulfidu sodn6ho, stali sa prijatel'-
nej5imi z ekologick6ho hl'adiska. NajddleZitej5ou triedou
farblv pouZivanou na farbenie celulozovlich vldkien s[
aktivne farbivd. Zabezpecuj0 vysokri fixaciu a niektor6
nov6 druhy sti vhodn6 Specidlne na farbenie v neutrdl-
nom alebo kyslom prostredi.
Optimaliz6cia receptur farbenia textilnich materi6lov
TEKSTILNAJA PROMYSLENNOST, 2OOO, 6. 6,
s . 1 9 - 2 1

V prfspevku s0 uveden6 zdkladn6 principy metodolo-
gie prognozovania vlastnosti vyfarbeni textilnfch mate-
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riSlov. Blokovd sch6ma tejto metodologie umoZnuje
identifikovat dve etapy postupu-diagnostikovanie vlast-
nostifarbiv a uipodet parametrov optimalnej receptfry.
Na zdklade hypotetick6ho mechanizmu sa vydleiuj0
elementdrne limitujfce Stadid, ktor6 umoZiuj0 koned-
n6 modelovanie vlastnostf farbiv v zmesiach. Teoretic-
k6 zAvery boli overovan6 v praxi. Hodnoty vybranfch
parametrov niektonich vyfarbenls[ uveden6 v tabulke
a komentovan6 v texte.

Enzfmov6 biotechnol6gie pri Iprav6ch textilii
TEKSTILNAJA PROMYSLENNOST,2000, 6. 6, s.22-
24

V uvode prispevku je uvedend charakteristika enzy-
mov, ich vlastnosti a funkcia,4iznam v Zivom organiz-
me, ako aj ich vyuZitie v roznych sf6rach I'udskej dinnos-
ti. BliZ5ie su popisan6 moZnosti zavddzania biotechnologii
v textilnom upravdrenstue a zddraznen6 je ekologick6
hladisko tak6hoto pristupu. Autori uvadzaj0 vfsledky
experimentdlneho pouZitia enzfmovfch prepardtov
z vlastn6ho uivoja pri vyvdranizmesoWch tkanln s ob-
sahom celulozy. V zdmere s[ na6rtnut6 perspektivy
vyuZitia enz;imov v textilnom upravdrenstve, pri modi-
fikaciitextiln;ich materidlov za fcelom zlep5enia ich riZit-
konich vlastnostia pri uirobe textiliis liedebnfmi 06in-
kami.

H od n oty toxic ity kationovf ch povrc hovoaktivnyc h
prostriedkov
IENS/DE SURFACIANTS DETERGEIVTS, 37, 2OOO,
d. 5, s. 290-296

Odpadov6 vody, ktor6 obsahuj0 kationov6 avivdZne
prostriedky, ohrozuj0 2ivotn6 prostredie, sa obydajne
sledujti pomocou biologickfch testov. V tejto prdci sa
stanovili hodnoty EC50/LC50/LC50 pre kationov6 avi-
v62ne prostriedky v emulzidch ako aj v mikroemulzidch,
v bioteste (Photobacterium phosphoreum) a vo vodnej
faune (Chlorella vulgaris, Scenedesmus subspicatus,
Selenastrum capricornutum, Daphnia magna a Oncor-
hynchus mykiss).

Nov6 perspektivy pracich prostriedkov zn65anli-
vfch s pokoikou pre citliv0 plef
IENS/DE SU RFACIANTS DET ERGENTS, 37, 2OOO,
d. 6, s.350-355

I nterdisci pl i n drna pracovnd sku pi na ui robcov praciek
a producentov praclch prostriedkov (lKWlZVEl) sa
zaoberala otdzkou, di m62e praci prostriedok vyvolat
koZn6 reakcie. Nov6 technologie neved0 k zt475en6mu
mnoZstvu zvy5kov pracfch prostriedkov na vypranfch
textilidch. Ndzor spotrebitelbv k vliskytu alergickfch
reakcif je rozny. Typ pokolky ma pri subjektivnom po-
sudzovanl rozhoduj0cu 0lohu.Zvyky pri prania princi-
pidlne poZiadavky na pracie prostriedky sri in6 u ludi
s alergiami, neurodermitidou, atopickou alebo citlivou
pokoZkou neZ u normdlneho obyvatelstva. Na zdklade
Specialnych poZiadaviek bol vyvinu\i praci prostriedok
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zndSanlivyi s pokoZkou. Prostriedok sa overoval in vit-
ro a in vivo. Vfsledky sk0Sok boli velmi dobr6 a pros-
triedok predstavuje pre t0to Specidlnu skupinu spotre-
bitelbv uZitodn0 alternatfvu.

Inovativny jednokf pelbvf postup farbenia polyes-
terovfch/celu l6zovfch vl6kennfch zmesi
TEXTILVEREDLUNG, 35,2000, 6. 9/10, s. 11-15

Z ekonomichich a ekologiclqich d6vodov sa 4iskum-
nici snaZili vyvin0t jednok0pelbvf postup farbenia po-
lyesterovfch/cel u l6zouich vl 6ken nfch zmesi. Rozd iel -
n6 farbiace vlastnosti oboch vldkien staZovali
jednok0 pelbui postu p f arben i a. Dvoj k[ pelbv6 f arben ie
bolo spol'ahlivou moZnostou. V prispevku je popfsanf
jednokupelb4i postup farbenia,,LS Superfast" polyes-
terovfch/celulozovfch vlakennfch zmesf, vyvinutf vo
firme Ciba Spezialitdtenchemie. Dosiahnut6 nisledky
sti uspokojive a reprodukovatelh6.

Ochrana pred vlhkostbu v oblasti pracovnfch ode-
vov
TEXTILVEREDLUNG, 35, 2000, c. 9/10, s. 30-33

Odev proti daZdu muslchrdnit telo pred vlhkostou pri-
ch6dzlucou zvonka. V srldasnostije vela r6znych ma-
teridlov, ktor6 s[ nepremokav6 a pri telesnej aktivite
transportujn vlhkost smerom von. V ostatnfch rokoch
sa pouZivajf vo zrni5enej miere tzv. priedu5n6 pracov-
n6 odevy proti daZd'u. Sk0senosti nie s0 0plne pozitiv-
ne, oprdvnend otilzka, preco je tomu tak?

Pran ie textil i i obsahuj ricich elastanov6 vl6kna
TEXTILVEREDLUNG, 35, 2000, c. 1 1 112, s. +10

V cldnku sa popisujf a komentujr.r vyisledky skri5ok
Speci6lnych formuldcii tenzidov - Lavotanu Se a Felo-
sanu NOG. Lavotan SE sa pouZfva ako praciprostrie-
dok na odstrafiovanie silikonov6ho oleja pocas bielenia.
Felosan je vhodnf najmd na zmdkdovanie (emulgova-
nie). Na dosiahnutie dobryich vlisledkov prania treba
pouZit tak6 formuldcie tenzidov, ktor6 nielen emulguj0 si-
likonovj olej, ale zabrania opdtovn6mu usadzovaniu
emulgovan6ho oleja na textilnfch materidloch a strojoch.

Priemyseln6 [prava r0na plazmou
yLlESSTOFFE/TECH.TEXT|LtEN, 46, 2000, 6.  3,
s. 3&-39

Divizia,,Plasma" talianskej firmy H.T.P. Unitex vyvrja
a vyrdba stroje na ripravu netkanfch textilil plazmou
s pracovnou Sirkou 500 - 3500 mm a optimalizuje pro-
cesy fpravy plazmou pre Specialne aplikdcie. V dldnku
je podrobne popisanf proces 0pravy plazmou, ktord sa
pouZlva na modifikovanie povrchor4ich vlastnosti textil-
nfch materi6lov. Dalej s0 uveden6 vlastnosti (lep5ia
zmdcatelhost, vySSia polarita a afinita povrchu k lepiv6-
mu povrstveniu) upravenfch netkanlich textilil a moZ-
nosti pouZitia materidlov z polyesteru (PET), polypropy-
l6nu (PP),  polyetyl6nu (PE) a infch zmesovfch
polym6rov upravenfch plazmou (fi l tracia vzduchu
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a kvapalfn, biomedicina, Sportov6 a ochranne odevy,
syntetickS,kola, obuv, handry na distenie, atd'.)

Karboxymetylceluloza na terapeutick6 obvdzy
yLlESSfO FFE/TECH.TEXTILIEN,46,2000, c. 3, s. 62

,,Hydrocel" - karboxymetylcelul6zov6 vldkno absorbu-
jfce vodu a sice az35 ndsobok svojej vlastnej hmotnos-
ti. Obvdizy nabAze tfchto vldkien podporujf liecbu, s0
prfjemn6 pre pacientov a redukujri ndklady na o5etro-
vanie. Dal5im Specidlnym vfrobkom anglickej f i rmy
Acordis Ltd. pre zdravotnfcke ucely je priadza ,,Micro-
pake". Hodvdbna priadza 3400 den/40 z polypropyl6nu
obsahuje 40 percent sfranu bdrnat6ho a je opradend
jemnfm polyesteroWm vldknom. Je pevnd, flexibilnd,
vhodnd na tkanie, laminovanie a uirobu tamponov. Tre-
tim 4irobkom pre zdravotnicke a in6 0cely je ,,Membra-
ne" - tenkd, por6zna folia, ktord sa pouZfva pri disteni
krvi, v oxygenoterapii a plazmatickom deleni.

Automobilov6 textilie a likviddcia stanfch automobilov
yt lESST?FFE/TECH.TEXTtLtEN, 46,  2000,  e .  4 ,
s.30-34

V dldnku su uveden6 aktudlne informdcie z dvoch po-
dujatizaoberajuce sa probl6mom ,,Auto, textilie v auto-
mobiloch, recykldcia textf l i l  a smernica o starl ich
autaich".

5irok6 ochrann6 tkaniny
yt lEssT?FFE/TECH.TEXTILtEN, 46,  2000,  e .  4 ,
s. 58-59

V sfdasnostisa 6oraz viac pouZivajf textilie na ochra-
nu I'udl, stavebn;ich objektov a rastlinn;ich kult0r pred
extr6mnymi poveternostn;imi vplyvmi. V cl6nku s0 uve-
den6 poZadovan6 vlastnosti pouZivanfch textilnfch ma-
teridlov, povrstvenlch technickyich tkanin, resp. agro-
textilii. Dalej s0 predstaven6 projektilov6 tkacie stroje
firmy Sulzer s pracovnou Sfrkou do 540 cm a nichlos-
tou zand5ania 0tku do 1300 m/min, vyznacujrice sa uni-
verzdlnym pouZitlm.

Nov6 syntetickAkola
yLlESSf OFFE/TECH.TEXTILIEN, 46,2000, c. 4, s. 70

Japonskd firma Teijin Ltd. vyvinula syntetick0 koZu
pod obchodnfm ndzvom ,,Loele", ktorej 4iroba menej
zalaluje Zivotn6 prostredie a pri 4irobe ktorej sa ne-
pouZfvajI organick6 rozp05tadla. Po trojrodnom vfsku-
me a vfvoji prich6dza,,Loele", z kompozitnfch vldkien
a polyuretdnovou Struktfrou. Toto sa dosiahlo pouZitim
Specidlneho rfna s jemnou Strukt0rou a vysokou hus-
totou a metodou vliroby, pri ktorej sa pouZiva polyure-
tdn rozpra5ovanf zamokra. EkologickS,kola sa vyzna-
duje lep5fmi spracovatel 'skl imi a fZitkovfmi
vlastnostami a pouZiva sa v koZiarskom, obuvnickom,
textilnom a automobilovom priemysle. (Vyderp.)

Pre pubtikovanie pripravila Ing. Vateria eapekovd,
VUTCH-CHEMITEX spo/. s r.o.Zitina, S/ovenskai repubtika
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