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FENTON REACTION FOR WASTEWATER TREATMENT
CHEMICAL PRINCIPLES

PROUSEK, J.

Department of Environmental Science, Faculty of Chemical and Food Technology, Slovak Technical University,
Radlinskeho 9, 812 37 Bratislava, Slovak Republic, e-mail: prousek@chtf.stuba.sk

KEY WORDS: Fenton reagent, hydroxyl radicals, ferryl, free radicals, ferrioxalate, organic pollutants

The present article provides a systematic survey of the chemical principles connected with
Fenton and photo-Fenton reaction. The classical and modified Fenton and photo-Fenton reac-
tions are discussed. The main emphasis has been focused on the detailed interpretation of the
individual key reactions. Some consequences for biology, environmental science, and practical
uti l ization for wastewater treatment. have also been described.

Introduction

Water quality regulations are becoming stricter in the
late decades due lo an increasing social concern on
environment. A very interesting field of concern is what
to do with wastewater that contains soluble organic
compounds that are either toxic or non biodegradable.
At present time great efforts are being made to minimize
the quantity and toxicity of industrial effluents. Textile
wastewater is among the most significant pollutants.
This wastewater is derived primarily from effluents from
desizing, printing, and dyeing processes. Synthetic tex-
tile dyes and other industrial dyestuffs may be released
to the aquatic environment and result in the natural
water contamination. Due to their toxicity to humans
(e.9., some azo dyes may have carcinogenic and/or
teratogenic effects on health) and to aquatic life as well
as poor degradability, the fate of the dye compounds is
a subject of considerable interest and the destruction of
these pollutants has been taking on increasing impor-
tance in recent years. Although biological treatment
processes are often the most economicaf for contami-
nated site clean-up and industrial waste treatment, ad-
vanced oxidation processes (AOPs) provide an effec-
tive means of rapidly treating biorefractory compounds
with efficient process control [1-6].

Advanced oxidation technologies (AOTs) for water
and wastewater treatment show high efficiency but also
a high cost. One of the most effective technologies to
remove organic pollutants from aqueous solutions is the
Fenton reagent treatment [7,8].

1. Fenton reaction

More then hundred years ago, Fenton published his
work entitled "Oxidation of tartaric acid in presence of
iron" [9] where he showed that the system Fe2* - hydro-
gen peroxide exhibits strong oxidation effects to some
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organic acids. lt appears later that this mixture, called
Fenton reagent, is an efficient oxidation agent for vari-
ous organic substrates. Haber and Weiss [10] sug-
gested in 1934 that the effective oxidation agent of
Fenton reaction is hydroxyl radical, HO' :

Fe2* + Hroz -+ Fe3* + Ho- + Ho' (1)

The formation of hydroxyl radical was confirmed by
the polymerization of olefins via the addition of hydroxyl
radical to the double bond [1 1] and by the fact that in
many systems Fenton reagent was an eff icient
hydroxylating agent112,13l. As follows from the above
facts, the radical chain mechanism is concerned. An
important finding of Barb and coworkers [14] was that
the oxidation effects of Fenton reagent strongly depend
from the concentration ratio of HrOrand Fe2*. Further
detailed study pointed out to the significance of iron
complexation in the reaction course[15-17]. The forma-
tion of higher oxidation iron state intermediate, such as
ferryl (FeO2.), was proposed in some cases [18-20]:

Fe2* + HrO, -+ FeO2* + HzO (2)

The elucidation of the structures of such reactive in-
termediates responsible for oxygen atom transfer in
catalytic oxygenation reactions by heme (cytochrome
P450 enzymes) and nonheme iron enzymes and their
model compounds has been the major goal of biologi-
cal and bioorganic chemistry for the past three decades
121,221.

As it was mentioned above, the reactive products of
Fenton reaction are hydroxyl radicals or ferryl. There-
fore, the chemistry related to the use of Fenton reagent
is above all radical chemistry [7,13,20,23,241. The
hydroxylation and oxygenation of substrates is the re-
sult of these reactions. The considerable reactivity of
hydroxyl radicals is clearly documented in their atmos-
pheric 125,261and biological reactions [7,161 with or-
ganic and biological substrates. The reactions of hy-
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droxyl radical may be classified with respect to their
character as follows:
i) reaction proceeding by abstraction of hydrogen:

RH + HO' -+ R' + HzO (3)

ii) addition reactions:

ArH + HO' + HO-ArH' (4)
R2C=CR2 + HO' -+ HOR2C-C'R2 (5)

iii) oxidation reactions:

ArH + HO' -+ ArH'* + HO- (6)

HO' -+ M(n * t)* + HO- (7)

The main radical intermediates formed during Fenton
reaction are carbon-centered R'radicals, and oxygen-
centered radicals such as ROO', RO'where R is alkyl
or hydrogen. The propagation steps of radical reaction
lead to the formation of non-radical products or to the
formation of new radicals.

Toluene, for example, forms benzyl radical during the
Fenton reaction in the first step:

PhCHs + HO' -+ PhCHi * HrO (8)

PhCH2' radical reacts with oxygen as follows:

PhCHz' a Oz -+ PhCHTOO' (9)

2 P\CH.OO' -+ PhCH:O + PhCHzOH + 02 (10)

Similarly, the formation of new radical intermediates
is a part of all radical chain processes, e. g.:

ROO' + RrH -+ ROOH + R;
RO'  + RrH -+ ROH + Ri

dant generates another radical and thus sets up
a sequence of radical reactions. Each step can poten-
tially be influenced by components of the Fenton sys-
tem. In addition, the relative importance of the different
oxidation mechanisms depends on how the iron is
chelated and on what substrates are present [16]. Thus,
we must conclude that identifying the oxidizing interme-
diates formed via the Fenton reaction is quite impossi-
ble task, and it is almost impossible to decide whether
an HO' radical is formed rather than an iron in a higher
oxidation state such as FeO2. 1151.

Among the modifications leading to the increase in the
yield of classical Fenton reaction they should be men-
tioned photo-Fenton reaction.

2. Photo-Fenton reaction

Photochemical advanced oxidation processes are
above all based on the in situ generation of HO' radi-
cals by various systems such as Fe2*/H zOzlUV, HrOr!
UV, O3/UV, Oy'H2O rlUV, TIO2/UV, and sonochemical
system [3,6]. Here again, the resulting organic radicals
react with oxygen to initiate a series of degradative oxi-
dation reactions that ultimately lead to mineralization
products, such as CO, and HrO [1,6].

Currently, many commercial AOPs methods utilize
the UV photolysis of HrO, to produce HO' radicals:

HrOz + hv -+ 2 HO' (14)

This reaction has a quantum yield of - 1.0, but HrOz
absorbs UV radiation significantly only at wavelengths
below 300 nm. For contaminated waters that absorb
strongly in this region, there is a need for an AOP than
can generate HO' radicals with near UV (300-400 nm)
or even visible light (> 400 nm). Such a system would
also have application using solar radiation as the light
source. There are several photochemical processes
involving iron compounds and hydrogen peroxide that
provide alternative ways of generating hydroxyl radicals,
such as photo-Fenton reaction.

Photo-Fenton reaction and its modifications lead to
the considerable improvement of destruction of organic
pollutant. The photo-Fenton reaction is based on the
parallel util ization of the Fe(ll), Fe(lll)/HrO2 reagent with
near-UV and visible light 128,291.

It is also known, for'example, that system Fe3.7UV in
water can oxidize organic compounds at acidic pH
[30,31]. The agent responsible for these reactions is
again hydroxyl radical formed by the photochemical
reduction of Fe(OH)2* complex, which is predominant
species at pH values 3 to 5 127,321:

Fe(OH)2. + hv -+ Fe2* + HO' (1S)

This is a wavelength dependent reaction and the
quantum yield of formation of hydroxyl radical/Fe2* ion
decreases with increasing wavelength. For example,
the quantum yield of HO'formation is 0.14 at 313 nm

Mn*  +

( 1  1 )
(12)

The rate constants for the reaction of hydroxyl radi-
cal and organic compound are generally obtained by
pulse radio lys is  or  photochemical ly  1271.  Thus,
hydroxylation and epoxidation are principal reactions of
aromatic and olefinic compounds. In the case of ben-
zene, for example, the adduct of hydroxyl radical with
the aromatic ring is formed in the first step, and phenol
is arisen as the final product. Strong oxidation conditions
lead to the mineralization of organic substrate, i.e. for-
mation of CO2, HrO and mineral acid or salt.

The chemistry of hydroxyl radical and ferryl is very
similar in f inal product composit ion and, in addit ion,
ferryl reacts with water to produce also hydroxyl radi-
cals:

FeO2* + HzO -+ Fes* + HO- + HO' (13)

This is a reason why, in fact, we do not be able to
identify correctly all sources of hydroxyl radicals. But it
is not, strictly speaking, the reason for rejection of hy-
droxyl radical formation in Fenton reaction. The author
holds the view that in some cases the hydroxyl radical
is produced and, in another conditions, the ferryl inter-
mediate takes part in Fenton reaction. As a general rule,
the initial oxidation of the substrate by the Fenton oxi-
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and 0.017 at 360 nm [31]. In addition to hydroxyl radi-
cats in this reaction, the photogenerated Fe2* can par-
ticipate in the Fenton reaction, generating additional
hydroxyl radicals. Similarly the formation of HzO, by the
mechanism summarized in the next scheme, can accel-
erate the rate of destruction of organic pollutants:

Fe2* + oz -+ Fe3* + o;- (16)
2 O;- + 2 H* -+ H2O2 a Oz (7)

The other way of photoreduction of Fe3* to Fe2" is
ph otodecarboxylatio n of f erric carboxyl ate co m plexes.
It is known that Fe3* ions form stable complexes and/
or associated ion pairs with carboxylates and poly-
carboxylates. These complexes are photochemically
active and generate ferrous ions on irradiation accord-
ing to equation:

Fe(RCOO)'* * hv -+ Fe2* + CO, + g' (1S)

The radical R' can react with oxygen and degrade
further. Generated Fe2* can in turn react with HrO, in
Fenton reaction. Carboxylate are formed during the
photocatalytic oxidation of organic substrates, thus
photodecarboxylation is expected to play an important
role in the treatment and mineralization of organic mol-
ecules. The occurrence of photodecarboxylation reac-
tions has been demonstrated [29,33,34J and their sig-
nif icance in the aquatic environment has long been
recognized. Photodecarboxylation play crucial role in at-
mospheric water chemistry and is responsible for the
formation of hydrogen peroxide in cloud and rain waters
[35,36].

It is known that Fe3*-complexes show high absorp-
t ion bands in the UV-VIS region up to 500 nm. The
quantum yield of photoreduction in reaction (18) varies
with different carboxylate ligands. The ferrioxalate com-
plex Fe(CrOdi is the best known and most widely stud-
ied example of Fe(lll) - polycarboxylate complexes.
This complex play important role in cloud and rain wa-
ter chemistry [36]. Most of the proposed mechanisms
for the production of hydrogen peroxide in the aqueous
phase involve the single-electron reduction of molecu-
lar oxygen to form the intermediate superoxide radical
anion and its conjugated acid the hydroperoxyl radical
HOO'.The subsequent disproport ionation of HOO'
leads to HrO, and O, formation:

2 HOO' -+ HrO, a Oz

Oj- react with H* (pH - 3) to form HrO, as the final
product:

Fe(C2Oa).* * hu -+ Fe(ll) + 2 CzOt- + CzOi- (20)
CrOi-  + Fe(CzOo) i*  Fe( l l )  +3Czoi-  +2Coz G1)

CrOi- -> Co, + CO;- (22\
C2O;ICO i- * O, -> 2 CO2|CO, + 9r'- (23)

Oi- * H* -+ 2 HOO' -+ H2O21 Oz e4)

The ferrous ion formed in reaction (20) and (21) can
react with H2O, and generate hydroxyl radicals. Thus
the photolysis of ferrioxalate in the presence of hydro-
gen peroxide provide a continuous source of Fenton
reagent. By this way, generated hydroxyl radicals can
react with and oxidized organic substrates present in
environmental waters such as surface waters, cloud
water and rain droplets. This very effective system has
been used for the destruction of various organic pollut-
ants in water. lt is interesting to note that ferrioxalate has
a high molar absorption coeff icient for wavelengths
above 200 f l f f i ,  absorbs l ight strongly at longer
wavelentgths (up to 500 nm) and generates hydroxyl
radicals with a high quantum yield. Other carboxylate
and polycarboxylate complexes of Fe(lll) may not have
spectral characteristics similar to those of ferrioxalate,
and generally have much lower and wavelength de-
pendent quantum yields as compared to ferrioxalate
[37].

The UV-vis/Fe2./HrO, (photo-Fenton) process has
been shown to be more efficient than the UVlH2o2proc-
ess and other AOPs processes. But the data indicate
that in nearly all cases, the new UV-visferrioxalate/HrO,
process (modified photo-Fenton reaction) has a much
higher efficiency than does either the UV-vis/Fe(ll)/HrO,
process (photo-Fenton reaction) or the UV/H2O2 proc-
ess. We can conclude that this new process is very ef-
ficient and useful for the treatment of moderate to highly
contaminated waters with similar degradation efficiency
for Hg lamp [38] or solar l ight [39]. Nevertheless, the
solution pH plays a very important role in the process
of photodegradation since in the narrow range of pH
2.5-2.8, highest photodegradation rates are obtained.
Another improvement was reached by using of multiple
additions of HrO, during the photodegradation process,
so that the hydroxyl radicals were continuously gener-
ated in the system [39]. However, the photodegradation
efficiency can be expected to improve, as during the
course of the day the sunlight intensity can reach 30 W
m-'for several hours (Brazil tropical region, the experi-
ments were performed in open air, exposing the vessels
to direct sunlight) [39].

3. Fenton - l ike reactions (FLR)

The term Fenton reagent is often used to describe
Fe(ll)/HrO, system. However, it is important not to ne-
glect the importance of other metals and other oxidants
which participate in analogous reactions (the so-called

(1e)

The photochemistry of Fe(lll) - oxalato complexes
has been widely studied, particularly in connection with
UV and visible chemical actinometry. The absorption of
a photon by ferrioxalate complex results in an electron
transfer from a complexing oxalate ligand to the cen-
tral ferric ion, producing a ferrous ion and an oxalate
radical anion. The oxalate radical anion could reduce
a further ferrioxalate complex. In the presence of oxy-
gen, however, the oxalate radical anion would react
with 02 to produce O;- in dilute sofutions and further
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Fenton-like reactions, FLR). Numerous metal ions and
their complexes, in their lower oxidation states (e.9.,
Cu( l ) ,  T i ( l l l ) ,  Cr( l l ) ,  Co( l l )  ) ,  were found to have the
oxidative features of the Fenton reagent, and, therefore,
the mixture of these metal compounds with HrOrwere
named Fenton-like reagents [15]:

Mn* + HrOz -+ M(n + 1)+ * HO' + HO- (25)

On the other hand, oxidants which can participate in
FLR reaction and substitute HrOzare, for example, all
organic peroxides and endoperoxides (ROOH, ROOR),
organic peroxy acids (R(O)OOH), hypochlorous acid
(HOCI), hypothiocyanous acid (HOSCN), peroxynitrous
acid (ONOOH), peroxynitric acid (O2NOOH), etc. FLR
reaction with metal ion and ROOH yields alkoxyl radi-
cal [40]:

ROOH + Mn* + H* -+ M(n + 1)* + HrO + RO' (26)

It was also argued that the reduction of lipid peroxides
by ferrous ions in the presence of epinephrine forms
HO' rather than RO' radicals [41]. When low valent
transition metal complexes react with peroxy acids,
a mixture of free radicals are formed:

RC(O)OOH + Mn* -+ (RCOO-;ytn + 1)+ + HO' (27a)
-+ RC(O)O' * M(OH)'" (27b)

The relative contributions of the two pathways depend
on the nature of the reactants, solvent used, etc.

The hypochlorous acid equivalent is another FLR
potential source of hydroxyl radicals:

Fe2* + HOCI -+ Fe3* + HO' + Cl- (28)

It has been showed [42] that reaction of an iron(ll)
complex, Fe(CN)6f, with HOCI did hydroxylate ben-
zoate, although the apparent yield of hydroxyl radicals
was not quantitative, so reaction (28) may not be the
only reaction occurring. lmportantly, the rate of reaction
between Fe(CN)u+ and HOCI was about three orders of
magnitude faster than that with H2O2. The choice of
iron(ll) complex was dictated by its stability over the pH
range of interest, which enabled demostrat ion that
HOCI, rather than OCI-, was the reactive species. Simi-
larly, it is well known that peroxynitrous acid (ONOOH)
is a strong oxidant and it is possible to substitute HrO,
in FLR reaction:

Fe2* + ONOOH -+ Fe3* + HO' + NOi (29)

The optimum pH is - 3, and the system of H2O2J
ONOOH/Fe2* is a new AOP degradation process. In
acidic conditions, HNO2 formed in reaction (29), will be
again oxidized by present HrO, to the peroxynitrous
acid:

HNO2 + HzOz -+ ONOOH + H2O (30)

Given system has a great importance in biology, for
example, in some defense reactions and, unfortunately,
in some pathological processes l43,Ml. Reactive oxy-
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gen and nitrogen species (RONS) play a fundamental
role in biosystem. Fenton reaction and Fenton-like re-
actions belong to the basic biological processes that
produce RONS species [45,46]. On the other hand,
oxidative power of mentioned systems is of a great im-
portance for the wastewater treatment.

4.Conclusion

As follows from this article, Fenton reaction partici-
pates in many branches, above all in biology and in
environmental science. Utilization of these reactions in
water treatment is perhaps the most important practical
application. lt need not be emphasized that chemistry
can help by investigating the model reactions in both
these fields. By learning more about the kinetics and
mechanisms involved in these reactions, we may be
able to control the pathological consequences of Fenton
chemistry in biology and, on the other hand, better uti-
lized these reactions for wastewater treatment.
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DYEING OF CELLULOSE TEXTILE MATERIALS WITH
MONO- AND POLYFUNCTIONAL REACTIVE DYES.

Georgievd, A., Pishev, A.

University of Chemical Technology and Metallurgy - 1756 Sofia, B Kl. Ohridski Blvd.

lntroduction

The monofunctional reactive dyes are generally used
for dyeing of cellulose textile materials. In 1980 reactive
dyes with more than one reactive group were created.
They f ind growing appl icat ion.  These are the
polyfunctional dyes. They possess a number of advan-
tages, one of which is the higher degree of the dye fix-
ing. Some shortcomings of the individual reactive group
in the monofunctional dyes have been avoided. For
example, by combining the alkali-stable phluortriazine
or monochlortr iazine group with the acidstable vini l-
sulpho group good resistance in a wide pH-interval [1]
has been achieved. l t  is interesting to compare the
dyeability of cellulose textile materials with monofunc-
tional and with polyfunctional dyes.

The purpose of this paper is to make a comparative
investigation of the monofunctional Drimaren K and
polyfunctional Drimaren CL reactive dyes (manufac-
tured by Clariant) with regard to their dyeabil i ty and
resistances, obtained on the cellulose textile materials.

Experimental

The dyeing is performed on beforehand bleached
cotton fabric. The methods and recipes used are ac-
cording to sources (2,3).

The methods used for dyeing by dyes Drimaren K are:
1. Method of f ixing with sodium carbonate
2. Method of fixing with sodium carbonate and sodium

base
3. Method of short dyeing bath at 30'C
4. Method "Al l- in"
5. Method of fixing with small amount of sodium car-

bonate at 60 "C
6. Method "pad-roll" with 3 hours duration of the roll
The last method is not recommended by the manu-

facturer for dyeing with Drimaren K dyes. We use it for
comparison.

The methods used for dyeing with Drimaren CL dyes
are:

1. Method of fixing with sodium carbonate and sodium
base at 60'C

2. Method "pad-roll" with 24 hours duration of the roll.
The dye concentration is 1.5 %when using periodic

methods and 15 g/l when using the pad-roll method.
The remission of the dyed samples is determined on
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a "Specol" spectrometer with an Rdo appliance and on
this basis the function of Kubelka-Munk KS is calcu-
lated. The latter is a measure of the depth of colour of
the dyed textile material and an indirect indicator of the
amount of dye fixed on it. The value of a (K/S) % is
calculated by means of the following expression.

In this expression A (KS) % is the increase of the
Kubelka-Munk function against the comparison sample.

^ (KS) : {[(K/s; - (KS)01/(l(S)o] x 100

(t(S) is the value of the Kubelka-Munk function for a
sample, dyed by means of the method defined. (KS;o
is the value of the Kubelka-Munk function for the com-
parison sample.

The fastness to wet processing such as washing
60'C), perspirat ion (45'C), and wet rubbing has been
determined.

Results and Discussion

The values of 1(S are shown in table 1. For each of
the dyes, the method, which gives the lowest depth of
color, is marked and this sample is accepted to be a
comparison sample. The value of A (KS) % is calcu-
lated against this sample.

The generalestimation of the results aboutthe effective-
ness of the dyeing methods with dyes in question deter-
mines that the highest depth of color is achieved by dye-
ing method No2 with fixing in the presence of alkaline
agents sodium carbonate and sodium base. Bythis index
Method No2 outperforms the rest of the methods.

Data shows that the pad-roll method should not be
recommended for dyeing with Drimaren K, especially
with blue dyes. For these dyes, the best method is
method No2.

With dyes Drimaren goldgelb k-2 R and Drimaren br.
Rot K-4BL the lowes depht of color is obtrained when
using method No4 (Al l- in).

Our preliminary investigation shows that these two
dyes have lower fastness (resistance) to hydrolysis as
compared to the rest of the studied Drimaren K dyes.
This fact can be explained with the All-in method where
alkaline agents are applied in the beginning of the dye-
ing process, which is less suitable in this case. Only for
Dye Drimaren rot K&R using the No2 method is not
appropriate. lt is ineteresting that for this dye good re-
sults are obtained with the pad-roll method.
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Table 1 Kubelka-Munk function values

Type of Dye Method of Dyeing
3 4

1
2
3
4
c
6
1
2
3
4
c
6

Drimaren goldgelb K-2R
Drimaren br.rot k-48
Drimaren rot K-7R
Drimaren blau K-78
Drimaren br. Blau K-B
Drimaren marineblau K-2B
Drimaren gelb CL-36
Drimaren gelb CL-R
Drimaren orange CL-3R
Drimaren rot CL-4B
Drimaren blau CL-R
Drimaren marineblau CL-R

9.020
2.64
1 .868
2.300
0.987
4.930
1 .125
4.480
3.230
1  . 1 5 6
1.067
5.290

1 0 . 1 3 0
3.410
1.245
2.410
1.486
6.180
4.600
7.500
5.210
0.509
2.240
1 1 . 5 2 0

6 .180
2.77

2 . 1 1 0
2 .110
1 .053
4.600

5.70
2 . 1 1
1 .662
1.542
0.987
5.700

6.730
2.64
1 .795
2 . 1 1 0
0.987
5.700

8 . 1 2
2.41

2.640
1.245
0.926
1 .795

The dyeing methods for dyeing with Drimaren K dyes
can be further arranged depending of the depth of color.

In second place is Method No3-method of short dye-
ing bath, where dyeing duration is 30 minutes shorter,
temperature is 10 'C lower , the quantity of the sodium
base is increased by 1 mfll with respect to method No2.
In this order fol low methods No1, No5, No4 and No6.

Obviously the type and quantity of the fixing agent, the
dyeing temperature as well as the specific type of the
chromophore and auxo-chrome groups of the Drimaren
K dyes with identical reactive groups (phluorchlor-
pyrymidine) greatly influence the degree of fixing.

The polyfunctional Drimaren CL dyes possess three
types of reactive groups - vinylsulphogroup, phluor-
chlorpyrymidine gropu and chlorthriazine group.Data in
table 2 shows that by using the pad-roll method these
dyes perform significantly better. In this case most of the
investigated dyes give an average value of a ((S) %
about 100% as compared to the periodic method.

After a general assessment of the results it was found
out that the fastness to wet processing is good for both
the Drimaren K and Drimaren CL dyes. ln the Drimaren
K series, the highest fastness to washing is achieved
with blue dyes Drimaren blau K-2RL and Drimaren br.
Blau K-BL for all of the dyeing methods used. The fast-
ness to washing for Dimaren marineblau K-28 is by 1/2
to 1 degree lower and the lowest degree is reached with

Table 2 Increase of the Kubelka-Munk function, A (KS) %

method NoS when fixing occurs with a little amount of
sodium carbante added. Obviously, for fixing of this dye,
greater quantities of alkalie are needed. The fastness
to washing of the samples dyed with rot dyes is 112
degree lower than the maximum value obtained.

The blue polyfunctional Drimaren CL dyes also exhibit
better fastness to washing as compared to the rest of
the dyes. Drimaren gelb CL-R also shows high values.
For the rest of the dyes the fastness to washing is by
one degree lower, but is also quite satisfactory.

The fastness to perspirat ion for Drimaren K and
Drimaren CL dyes is almost the same. The blue Drimaren
K dyes show a high degree of fastness again. Relatively
lower is the fastness of Drimaren gold gelb K-28 (method
No4) and of Drimaren rot K-78 (method No2).

Drimaren CL dyes show very good fastness to perspi-
ration with the exception of Drimaren Gelb Cl-3G-lower
by one degree.

The fastness to wet rubbing of the samples dyed with
Drimaren K is 1 12 to 1 degree lower than the fastness
to washing and perspiration (for Drimaren marine blau
- ven two degrees). Generally the fastness to wet rub-
bing us higher for Drimaren CL dyes as compared to
Drimaren K.

The fastness of color obtained by the method of fix-
ing of Drimaren K dyes with sodium carbonate and so-
dium base, where the highest value of depth of color is

Type of Dye Method of Dyeing
3 4

1 Drimaren goldgelb K-2R
2 Drimaren br.rot k-48
3 Drimaren rot K-7R
4 Drimaren blau K-78
5 Drimaren br. Blau K-b
6 Drimaren marineblau K-28
1 Drimaren gelb CL-3G
2 Drimaren gelb CL-R
3 Drimaren orange CL-3R
4 Drimaren rot CL-48
5 Drimaren blau CL-R
6 Drimaren marineblau CL-R

58.25
25.12
50.04
84.74
6.59

174.65
0
0
0

2 7 . 1 1
0
0

77.72
6 1 . 6 1

0
93.57
60.48

244.29
308.89
67.41
38.00

0
109 .93
117.77

8.42
31 .28
69.48
69.48
13.71
156.27

0
0

33.49
23.86
6.59

217.55

18.07
25.12
M . 1 8
69.48
6.59

217.550

42.46
14.22

1 1 2 . 0 5
0
0
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Table 3 Fastness to wet processing

Washing Perspirat ion Wet
60 "C 45 'C rubbing

Washing Perspirat ion
rubbing 45 "C

Washing Perspirat ion Wet
60 "C 45 "C rubbing

Wet
rubbing

1
2
3
4
5
6

514-5
514

514_5
514

514-5
514-5

sl4-5
514-5
514-5
514

514-5
514-5

515-4
514-5
514-5
515_4
s/s

514_5

5ls-4
514-s
514-5
514-5
514-5
514-5

Drimaren goldgelb K-2R Drimaren br.rot k-48
5 4-5

514-5 4
514-5 4
515-4 4
515-4 4
514-5 4

Drimaren rot K-7R
515-4
514

514-5
514-5
514-5
514-s

4-5
4
4
4

4-5
4

4
4

4-5
4-5
4-5
4-5

Drimaren blau K-78
5/s
5/5
s/5

515-4
5i5
s/5

Drimarenbr. Blau K-B
5i5 4-5
5/S 4-5
5/S 4-5
5/5 5
5/5 5-4
5/5 4-5

Drimaren
514-5
514
514

514-5
513-4
514

marineblau K-28
514-5 3
514-5 3
514-5 3-4
514-5 3
sl4-5 3
514-5 4-s

1
2
3
4
5
t

5/5
5i5
5/5

515-q
5/5

515-4

4
4
4

4-5
5-4
4-5

5/5
5/5
5/5
5/s

515_4
s/5

1
2
i

2

Drimaren gelb CL-3G
514 514 5-4
514 514 4-5
514 514-5 4
514 5l+5 4

Drimaren gelb CL-R
Sls-q s-4
514-5 4-5
5/5 5-4
5/5 4-5

Drimaren orange CL-3R
4
4

4-5
3

515-4
s/5
5/5
s/5

514
514-5
5/5

514-50

514-5
514-5
5/5

514-5

obtained, can be deemed one of the best with very lit-
tle exception: for Drimaren goldgelb K-28 -fastness to
washing, for Drimaren rot K-78 - fastness to perspira-
tion and for Drimaren blau K-zR- fastness to wet rub-
bing. For the above-mentioned dyes the values are just
one degree lower than the maximum values obtained.

Conclus ion

It has been determined that of all six methods for dye-
ing of cellulose textile materials with monofunctional
Drimaren K dyes, proposed by the Clariant company,
most appropriate with respect to depth of color and fast-
ness to wet processing is the method of fixing with so-
dium carbonate and sodium base at 40 "C. Of the two

methods recommeded for dyeing with Drimaren CL
dyes, the pad-roll method gives better results.

It has been found that the blue Drimaren K dyes (with
the exception of Drimaren br. BlauK-3), as well as the
blue Drimaren Cl dyes show a better depth of color than
the comparison samples (pad-roll method).

The fastness to wet processing of Drimaren K and
Drimaren CL dyes is very good and their performance
satisfies consumer requirements.
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COURSE OF VARIANCE-LENGTH CURVES OF ROTOR
SPUN YARNS COMPARED WITH CARDED RING SPUN

YARNS

Cihl6rova, E.

Technical university in Liberec, Department of mechanical technologies Czech republic

1.  In t roduct ion

The importance of yarn quality (especially its irregu-
larity) is recently stil l increasing. To ensure the yarn
production in required quality is necessary to monitor
whole production of yarn also from view of its irregular-
ity. The evaluation of the control data and the consecu-
tive feedback play an important role in the control of ir-
regulari ty. By that feedback interventions are
undertaken in order to reduce its value. Still only little
used variance-length curve transcribes an influence of
the particular technological levels on yarn quality.

2. Variance - length curve

The variance - length curve indicates a dependence
of the outer irregularity on the length of the fibrous prod-
uct section. The outer irregularity describes weight vari-
ability between the section length /.

This curve can be displayed by USTER - TESTER lll
(lV) apparatus.

2. l .Evaluat ion of  the var iance- length curve

The evaluation of the variance-length curve consists
in comparing this curve with the limit variance-length
curve, in length of section determination in which the
irregulari ty arise and in successive identi f icat ion of
machine insert ing this irregulari ty into yarn. The l imit
variance-length curve determination is referred to [1] .
Whatever breakage of the real variance-length curve
characterises the change of the irregularity. The break-
age up is fai lure of regulari ty; the breakage down is
improvement of regularity (e. g. by regulation). By vir-
tue of the section length in which the breakage occurs,
the machine causing the change of irregularity can be
identified by the method of Grosberg - Malatinsky. This
method supposes the biggest irregularity origins in the
short segments. The Iength of these segments is lim-
ited by so called "reference length". lf the basic refer-
ence length is multiplied to corresponding drafts, the
length appropriate to given technological level will be
obtained.

lf the breakage of the variance-length curve is on the
length L;, it can be said (by the method of Grosberg -

Malatinsky) that i-th machine in technology (order coun-

198

ter current flow of fibres product) has a negative influ-
ence on irregularity.

These processes of evaluation of the variance-length
curve known from 50tn years have been constructed for
classical cotton and woollen technologies. However,
these technologies are characterised by the gradual
drafts. The rotor-spinning machines work on the differ-
ent principle comparing with the classical ring spinning
machines. This principle does not consist in the gradual
refinement but in combination of the super draft and the
thickening by the cycl ic doubling (Fig. 1 ).  In the sepa-
rat ing device of the rotor spinning 0-1 the enormous
refinement (from sliver to separate fibres) is produced.
The reverse thickening of fibres to fibrous flow follows
on the collecting surface of rotor 3 after this refinement.
It is not in accordance with primary intention of authors.
They have considered continuous draft. The question
is: what impact the rotor spinning system will has on the
variance-length curve, respectively how the particular
segments of the curve are formed.

3. Comparison compensatory eff iciency of cycl ic
doubling system and system of gradual draft

In conformity of knowledge about behaviour of cyclic
doubling system and system of gradual draft the mod-

P
I 0000
l 000
100
l0

I

0 ,1

0,01
0,001

Fig.1 Partial drafts P of rotor spinning system - e.g.: Por = 1 ,1 15.104;
Ptz= 1 ,12;  Pr"= 4 ,1 i  P3p = 5 ,1  .10r ;  Pro = 0 ,95;  0  -  feed ing
device (sliver), 1 - zone of fibres transport by stripping roller
(fibrous flow), 2 - zone of fibres transport by air, 3 - collect-
ing surface (fibrous flow), P - collecting point (fibre band),4 -

draw-off (yarn)
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ules of the grin function of both systems were deter-
mined [2], [3].The module of the grin function expresses
the dependence of ratio amplitude harmonic compo-
nents in the output (fibre band, respectively yarn), and
in the input (fibrous flow, roving - in case of ring spin-
ning).

lF(io)t= 4:li, ') (1 )Ar(ir)

where lF(iro)l - module of grin function, A1(iro), 42 (irrr) -

ampli tude of input, output signal.

3 .1.Cycl ic  doubl ing system

The module of relative grin function of cyclic doubling
l2l:

l . )

F 3 ( 1 . )

:!^.,

0 .5

0
0 1 0 2 0 3 0 4 0 5 0

1 wavelength (m)

Fig. 2 Courses of module of relative grin function of draft system
F3(2) and module of relative grin function of cyclic doubling
system F4(2) commensurate with wavelength.

3.2.Gradual draft system

where: lF-(1)l- module of relative grin function of draft
system, f - length of fibres [m], P - draft, )"-wavelength
of irregularity harmonic component [m].

On the bases of course of module of relative grin func-
t ion of draft ing mechanism [3] have been found that
system of drafting mechanism intensifies irregularity in
the short wave lengths and does not worse irregularity
in the long wave lengths as cyclic doubling system does
(see f ig. 2).

4.  Exper iment

The measurement of the irregularity was achieved on
the apparatus USTER-TESTER

lV. 100% cotton rotor spun yarns and carded ring
spun yarns were used. Rated yarn f ineness: SOtex,
29,Stex, 20 tex. Mean cotton fibre fineness:

0,197 tex - yarn 50 tex
0,187 tex - yarn 29,5 tex
0,158 tex - yarn 20 tex

The obtaining of variance-length curves of both types
of yarns and their comparison was the aim of measure-
ment. Under mentioned graphs (Fig. 3) represent the
courses of variancelgngth curves of rotor and carded
yarns.

4.  Conclus ion

By the comparison of variance-length curves of rotor
spun yarn and carded ring spun yarn was found, that

c)

c)

E

.  t r .N.u
stn -

I-7.M.u

where lF,,y(ia;)l- module of relative grin function of cy-
cl ic doubling, Aj - relat ive ampli tude of harmonic com-
ponent of f ibre band f ineness on the rotor col lect ing
surface, Aj- relative amplitude of harmonic component
of fibrous flow fineness depositing on the collecting sur-
face, A, As- absolute amplitude of corresponding fi-
brous formations [tex], To, Ts - mean fineness of cor-
responding fibrous formations [tex], N - cyclic doubling
2 - wavelength [m], u - circuit rotor collection surface
[m], r -  angular frequency of harmonic osci l lat ion.

By virtue of the module of relative grin function of cy-
clic doubling system was proved that this system sup-
pressed harmonic components of f ibrous f low up to
wavelength:

) " :  4 .N .u  (3 )

In case of fibrous flow it is a sizable length. However,
in consequence of high draft (which occurs in the course
of sliver to fibrous flow transformation), the wavelength
of harmonic components of sliver decrease, what the
cycl ic doubling system is able to balance. Maximum
wavelength in sl iver is:

,  )" 4.u^o=*=t (4)

where ,1" - length wave in sliver, Pos - partial draft of
separating device, Pc - total draft of rotor spinning sys-
tem (P, = PoslN).

Then: cyclic doubling system balances irregularity in
the short wave lengths with the exception of compo-
nents of wavelength: ).= u; u/2; u/3;... The irregularity
in the long wavelength is not worsening by cyclic dou-
bl ing system (Fig. 2).

vldkna a textil 8 (3) 198-200 (2001)

l,',ln this case the gradual draft system represents the
draft of ring spinning. The module of relative grin func-
tion of draft system:

I sin "+lV. (Dl:lP--#l tsl
I  

sin ,  jPl
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LVC - yarn fineness 50 tex
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_ _ _

l ? : r - . -
BDIsa-

l ' rnsr
( J  - -

0 . 1

.24.9,  100

BD2sa-
! rosz lo
( J - -

0 .01

0 t I
L  (m)

LVC - yarn fineness 20 tex

Fig. 3 Variance-length curves of rotor spun yarns (BD) and ring spun yarns (PDS) fineness SOtex, 29,Stex, 20tex; CV - outer inegularity
of yarn [%], L - length of yarn section [m].

BD3

Sq'-
i 'eos:
c ) - -

0 .01  0  I

.0  01 .

rotor spun yarns have lower irregularity then carded
yarns. lt is generally true. Furthermore, the variance-
length curves of rotor spun yarns assign faster decrease
on the length sections 0,01-0,1 m and 10-50 m then
variance-length curves of carded yarns. Faster de-
crease of irregularity on section 0,1-10 m is most prob-
ably due to cyclic doubling. That is why the cyclic dou-
bling system balances the irregularity on the short wave
length as indicated above. The decrease on the length
10-50 m is probably due to control in the carded ma-
chine .

The aim of this contribution was refer to differences
in course of variance-length curves on the basis of dif-
ferences of structure of the draft on rotor spinning ma-

200

I  l 0
L  (m)

chine compared with ring spinning machine. The meas-
urement results show that the difference of draft struc-
ture is proj ected to the transformation regularities, by
which the variance-length curve of resultant rotor spun
yarn is created. The aim of the next research is to find
those transformation regularities, to effectively use the
variance-length function for the evaluation of whole
technology of rotor yarn production.
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PLISSEE EFFECT ON MESHED WOVENS

Sodomka. L.

TU Liberec, Halkova 6, 46117 Liberec 1, CZ

In the paper the plissee deformation of the meshed wovens has been studied. The meshed
wovens have been prepared using the polymer and metal monofilament. After the deformartion
on the dynamometer the plastic deformation befor the crack is occuring. The mechanical shock
after the woven fracture is appearing and the resulting form of the woven is beefing changed into
the pleated woven. The theory of this effect has been proposed.

lm Artikle eine neue Erscheinung fist beobachtet warden. Diese Erscheinung wird als Faltung-
serscheinung genannt. Uie Gewebebaende Bind im Dymanometer gespannt and nachgezogen.
Nach der plastischen Deformation and Gewebezerreissen, der Gewebeband wird gefalted and
viele Stei fe senkrechte zur Ziehungsr ichtung. Die Entstehung diesen strei fen and ihre Theor ie
Bind var leschlagen warden.

V cl6nku je popsAn novy jev, nazvany plise6 jev, ktery vznikne pii deformaci sitovlTch tkanin,
kter6 jsou utkdny z element6rnf polymerovyich nebo kovovfch vldken, kterd vykazuji pied pietrhem
plasticitu. Efekt spo6(v6 v tom, Ze kolmo na sm6r p0sobic( sily dojde ke skladanitkaniny v pravideln6
pesy, takZe tkanina je plizovand. D6lka skladu je urcena rezonandnl frekvenci jako Fourierovy
sloZky mechanick6ho nap6tov6ho pulsu.  V c lanku je uveden i  mechanismus a teor ie vzniku
pl ise6 jevu.

1.  ln t roduct ion

Although the woven fabrics are having very long his-
tory, the most of their rules of law have been appeared
in the 20th hundred. The quite general model of the
wovens is doing not exist up to date, which could not
only to explain the complex behavior of the woven fab-
ric but also to predict its properties and behavior under
the different external mechanical loadings. In the paper
the quite new effect under the tension loading on the
dynamometer called plissee effect, has been observed.
This effect has been appeared only on the meshed
woven fabrics and not on the yarn woven ones. In this
short contribution the plissee effect has been described
and the elementary theory of its explanation has been
proposed.

2. Experimental facts

At the study of the mechanical properties of the wo-
ven fabrics the elasticity moduli have been measured
on the dynamomater Textenser. The centre of interest
has been as yarn as well as meshed wovens. ln the
yarn wovens the cotton yarn have been used in the
meshed wovens the silon and metal bronze fibres of the
different diameter have been applied. From the meshed
woven the bands of the dimension 10 mm x 90 mm from
the the bronze and nylon fiberes have been prepared.
The ends of the 10 mm have been adjusted through the
paper cover to the pulling them to the clamps of the

VtAkna a textitS (3) 201-20 Z (ZOOI)

dynamometer. The length for loading has been thus L:
70 mm.

The loading of the probes has been made up to the
band strength.

The loading force F on the elongation AL for the metal
meshed wovens is on the f ig. 1. The corresponding
strength are Fr1 : 32,4 N, Fsz = 32,0 N, Fss = 32,4 N.
The same has been done with the nylon filaments in the
meshed wovens of the type 100 TGT and the curyes are
being on the tig.2. The F= F(AL) curves for the cotton
multiwaved woven is being on the fig. 3. On the meshed
woven textile the so called plissee effect has been ob-
served. What is being meant with plissee effect? On the
woven band there have been appeared the folded
bands perpendicular the the loading direction. lts length
has been moved from three to five millimetres. On the
bands of the yarn loaded wovens the plissee bands
have not been shown. The plissee effect on the meshed
wovens is quite new effect which has not to these days
been observed. The folding mechanism is shown on the
f ig .4 .

3. Theoretical explanation of the pl issee effect

In the loaded meshed woven textile the filaments are
being begun to plastically deform, to soften and to flow.
When the rupture of this band is following, the shock
wave is being generated for which the clasping length
L the wave resonator is being created. The shock pulse
is being after the Fourier transform decomposed to the
frequency spectrum. The resonator is being chosen this
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Fig. 1 The workcurue diagram F = F(AL) of the bronze meshed wo-
ven band.

Fig. 2 The workcurve diagram F = F(AL) of the nylon meshed wo-
ven Nyboldt 100 TGT band.

At (mn)

Fig.3 The workcurve diagram F = F(AL) of the multiwave cotton,
cntis, plain woven.

nyL = Lo

plissdu effec*

one, which the resonance conditions is being fulfil led.
These conditions can be expressed in the following re-
lations:

L: n)"12, Lv = v, l  :  L, )"L= nl lZ
a n d  / : z u n , v : v l l :  ( E / p ) 0 , 5 /  ( 1 )

where 1", and v the resonance wave length and fre-
quency respectively are, / is plissee band length, v is
wave velocity in the material and n is the whole number
called the order of the resonance. lf on the resonance
length L the 1 I plissee bands have been calculated with
its lengths 4 mm, then the resonance frequency v can
be estimated. When it is for the velocity v its quantity
from the tables are being taken for bronze approxi-
mately 3 000 m/s and for nylon 2700 m/s thus for the
resonance frequency the value 750kHz for bronze fila-
ments respectively 900 kHz for nylon filaments in the
meshed wovens is being resulted. The plissee effects
in the yarn wovens have not been appeared. This can
be explained through the fact that in the yarn woven the
plastic deformation in the fibres is not being occurred.

For the detailed understanding of plissee effect the
further work have to be done.

Pliss6 efekt pozorovan)l na
sitovfch tkanindch

Sodomka, L.

TU Liberec, Hdllcova 6, 461 17 Liberec 1, CR

Pii deformacfch sitovfch tkanin vytvoienlich z poly-
merovlich nebo kovov;ich filament0, byl pozorovdn
zvld5tnf jev, kterf byl nazvdn plise6 efekt. Spocfvd v
tom, Ze pri deformacivzork0 ve tuaru pask0 na dynamo-
metrech, dojde po pietrhu k vytvoienisklddanfch cdsti
tkanin, kterd piipomind plizovan6 textilie. Jev byl pozo-
rovdn pouze na monofilovfch tkanindch z monofiloWch
vldken a nebyl  pozorovdn ne tkanindch z p i iz i .  Na
vzorcfch byla moZn6 nam6iit vzddlenosti sklddanfch
mfst, kter6 se periodicky opakuji.

Vliklad tohoto jevu je zalolen na techto skutecnos-
tech. Pi i  defornlaci dojde pied pietrhem k plast ick6
deformaci vldken. Nasledujfcl  pietrh vyvol6 v text i l i i
mechanicky rlzovy puls. Ten se rozloli na Fourierovy
s loZky.  Nej0c innej5 i  z  n ich,  k terd zp0sobf  sk ldddni
textilie v plizovanou vznikne jako rezonandnifrekvence
na d6lce textilie mezi dvdma upnutlmi, kterd p0sobijako
rezondtor. Je-l i  delka upnuti  L, pak pro d6lku jedno-
tlivyich sklad0 / plati vztah L : n/, kde n je cel6 cislo
urcujici i6d rezonance. Mezi rezonandni frekvencl v
a rezonancni d6lkou I platf vztah: v : vll : (Elp)o'ult, kde
E modul  pruZnost i  v  tahu,  p je  hustota f i lament0,
v rychlost Siienizvuku ve filamentech.

at (rnrn)

s
o
U
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Fig. 4 Folding mechanism, schematically.
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DYNAMIC AND MECHANICAL PROPERTIES OF THE
REINFORCED THREADS AND THEIR ANALYSIS

Hurta, F.

Department of Cybernetics, Treniin lJniversity, Studentsk| 3, SK-971 50, Treniin, Slovak Republic.

In the polymer tyre treads, transport belts, cord-threads, wedge-shaped belts, etc., there are
the fibrous materials representing a half- component on which is loaded over all external dy-
namic stress. From this it follows that they participate by great measure to the quality of the final
products in rubber industry. ln the last years in an area of evaluation the resine products and
input raw materials, always are more applied the dynamic methods analysing their demanded
propert ies.  In th is paper dynamic and mechanic measurements,  using an new equipment,  have
been made of the stress-strain of tyre threads represented by the polyamide and polyester sys-
tem. On the such measurements maybe evaluate the reinforcement abil ity of the tyre threads
and thus further enhance tire performance.

V pldStoch pneumatfk, dopravnfch p6soch, kordoch, klinovlich remefroch, atd'. sri vldknit6
materidly zastf pen6 ako hlavn 6 zlolka, ktora odoldva pdsobeniu dynamicklich sil. Z toho vyplyiva,
Ze sa podiel'aj0 velkou mierou na vfslednfch vlastnostiach vyirobkov. V poslednfch rokoch sa
v oblasti hodnotenia gumdrenskfch vfrobkov a pouZivanfch surovin stdle viac uplatnuj0 metody
analyzujrice dynamick6 vlastnosti.

1.  In t roduct ion

In the tyre industry and specially in rubber production
of the tyre pieces and transport belts among the vari-
ous tyre components the main constituent is the tyre
frame which is loaded by the all external forces acting
on it. The frame consists from one or more textile inser-
tion pieces mainly polyamide, polyester or viskose. In
the final product these tyre compounds - threads rep-
resent over al l  roughly 11 % mass percent, but their
contribution to the quality of the final product is more
higher. The relat ionships between the visco-elast ic
properties of tyre compounds and tyre performance
have been widely investigated. The relationships be-
tween the visco-elast ic propert ies of tyre and loss
moduli of tyre compounds to tyre energy losses is very
important for new and more good-quality products.

The threads reinforced materials are loaded under the
dynamic stress at the higher temperature. Under the
influence of an external mechanical loading on a tyre-
products the changes manifest in their shape and di-
mensions, e.g. deform. The ratio between stress and
strain is a moduli of elasticity.The moduli of elasticity of
the threads are generally time dependent. This paper
describes laboratory measurements of the dynamic and
properties of tyre tread compounds and how it is pos-
sible to relate selected stress-strain parameters to fur-
ther enhance tire performance.

2.  Exper imenta l

Compounds and tyre performance have been widely
investigated. The visco-elasticity is defined as a time-

Vtdkna a textilS (3) 203-205 (2001)

dependent property but mechanically perfectly revers-
ible component of the deformation which is governed by
the micro-Brownian movement of the atoms. Atoms in
condensed phases occupy equilibrium positions and are
vibrating about the minimum free energy wells. When
stress is applied, the atoms are displaced elastically
from their equilibrium position. The potential energy of
the system is increased and stored in a reversible man-
ner. On the removal of the stress, the atoms move back
to vibrate about their equilibrium position, and a corre-
sponding quantity of energy is released. Superimposed
on this elastic deformation is the time-dependent, ther-
mally activated plastic deformation. Plastic flow occurs
when the atoms move under the combined effect of the
applied stress and thermal vibrations into a new equi-
l ibr ium val ley while breaking the previous bonds and
establishing new bonds. The higher the temperature,
the greater the vibrational amplitude, and the greater the
rate of moving into a new equilibrium atomic configura-
tion. When the stress is removed the atoms remain in
the new equilibrium valley, and a permanent local plastic
deformation results and deformation energy is dissi-
pated as heat.

Virtual ly al l  commercial ly avai lable dynamic test
equipment uses sinusoidal deformation but the defor-
mations associated with a rolling tyre are not sinusoi-
dal. However, the visco-elastic properties measured
under sinusoidal deformation are fundamental proper-
ties of the material under test and as such should be
relevant to other modes of dynamic deformation. How-
ever if the stress in the threads changes periodically as
sinusoidal function in an adequately short time of over
one cycle and if the frequency of stress is high enough
the deformation will inevitably lag behind the applied
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Fig. 1 Plots of the stress e(t) and strain o(t) during cyclical loading;
ro,oo is amplitude of the total stress cycle and amplitude of
the total strain cycle, respectively; 6 the phase angle and ro
is the angular velocity.

stress field. Mathematically, we can express this as a
phase lag o in the strain displacement e (f) (Fig 1.).

ln applying an sinusoidal stress field in compression
and extension then o(f) is given by

cr(t) = o'osin cof (1)

and thus
e(t) : eosin (of - 6) (2)

Here is amplitude of the total strain cycle and ampli-
tude of the total, strain cycle, respectively whose ratio
is linked by the relation

oo/eo : E (3)

which defines the absolute dynamic modul E depend-
ing on the angular frequency and temperature, respec-
tively.

The stress and strain as real functions now we ex-
press as analytic functions of a complex variable

o = oo €j't (4)

and
t = to 

"l(ort 

- 6)

and at the same time

o le :  E*  :  E '  +  E"  (5 )

where E" is the complex modulus of elasticity, E'is the
modulus of elasticity which is a measure of an ideal
elastic resistance of the threads against a mechanical
loading at the given condition, on the other hand, it is a
measure of the cyclical deformation work done on the
system over one cycle; while E" is the loss modulus-
is an imaginary part of the complex modulus E" which
is a measure of the mechanical losses, in another word,
periodic deformation work transforming on to the heat
over one cycle, in thermodynamics is known as a
dissipative energy.

3.  Complex modulus determinat ion

The dynamic moduli of the polymeric materials are
dependent on the structure, temperature and angular

204

frequency. The measurements are performed at the
constant deformation frequency. Using the dynamic-
mechanical measurements we obtain the values of the
both parts of the complex modulus E' as a function of
the temperature and time. On the basis of the absorp-
tion maxima of the heat distribution and on their inten-
sity and width we are able qualitatively to evaluate the
amorphous region and the degree of crystallinity and
also the degree of  or ientat ion of  the invest igated
threads.

A special role plays loss tangent which at the dynamic
deformation characterizes a ratio between dissipative
energy and to elastically accumulated energy by a sys-
tem at a given condition and gives an information about
heating of the cord-threads.

From the Fig. 2 can be observe that in the case of the
polyamide and polyester cord-threads at the tempera-
ture above 100 "C there is occurring some progressive
loading. A fatigue of the cord-threads manifests in the
change of the curve shape. Besides it can be obtained
also longitudinaltemperature strain dependence of the
sample. Such measurement provides an information
about the dimensional stability of the cord-threads with
the increasing temperature (Fig. 3). On the other hand
the measurement performed on the polyamide threads,
covered by the rubber layer, shows an influence of the
technological factors. The loss tangent 6 is very sensi-
tive on the changes in material properties which mani-
fest in some heating during the dynamic loading. Nowa-
days such measurements will enable to tyre designer,
rubber and textile technologist, to predict with greater
certainty the effects on tyre energy losses of any
changes in tyre materials and will also give them more
guidance in formulating these changes.

4. Methods of measurement

Although a true understanding of the deformation of
crystalline and polymeric solids can be obtained only

o zo 40 60 00 100 lzs 140 160 100 200

Fig.2 Dependence ol tg6 of the cord-threads as a function o{"i8r-
perature.
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Fig. 3 Plot of the dynamic extension of cord-threads versus tempera-
ture.

from the study of the molecular processes, mechanical
models are often used to help the single description
behaviour. Here, it has been used such approach. Clas-
sical measurements are in principle one-point. How-
ever, in this paper an equipment for the measurement
of polymeric samples was developed. The samples can
be formed by a tensi le stress. A mechanical test ing
developed method can provide information on stress-
strain courses in stretching, compression, bending,
shearing at various temperatures, frequencies, ampli-
tudes and during unl imited t ime. This progress was
achieved thanks to the system which is completely con-
trolled by a computer , therefore the reading and analy-
sis of data is very quick and comfortable. The block dia-
gram of the measuring equipment is shown in Fig. 4. By
the harmonic signalfrom the power amplifier is excited
a vibrator. A core of the vibrator is created from the per-
manent magnet which deviates in the dependence on

Fig. 4 Block scheme of the complex modulus elasticity measurement

the value of the coil magnetic flux. On the recording of
the vibrator vibrations are used piezoelectric accelera-
tors fixed by help of the small permanent magnet. A sig-
nal is recorded by the two-channel analysator commu-
nicated with the personal; computer. By the presented
equipment, besides the already introduced measuring
program, moreover moduli elasticity of the various ma-
terials can be tested.
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ELASTICITY LIMIT OF WOOLLEN TYPE TWISTED YARNS

Radivojevic, D.1, Stamenkovic, M.2, Stepanovic, J.2, Antic, B.2

1 High technic textile schoo/-Les kovac

2Faculty of Technotogy, Leskovac, Nis IJniversity
E mail : d ragan 1357 @ yahoo. com.

In the twisting, three different tension force intensities were used for each type of winded and
doubled yarns. On the basis of F-e curve, elasticity l imits were defined of the analyzed twisted
yarns. Also determined were values of breaking forces and relative breaking elongation for all
registered tension forces, as well as force action to the elasticity l imit and breaking.

Introduction

Paper is dealing with yarn twisting published so far,
have mostly analyzed yarn tension in ceftain segments
of its path, and factors that influenced it. Kothari has
analyzed the influence of a number of factors on yarn
tension force changes during twisting. One of the fac-
tors was yarn package radius change 11,2l.Results are
shown in table 1.

The second series of experiments concerned the ten-
sion in the yarn at the eye at the top of the balloon. He
used two yarn types 70 tex x2 and 70 tex x4, made from
3.3 dtex Courtele fibre, and the machine was operated
at two speeds, 8 900 and 5 850 min-1 11,zl.The data are
summarized in table 2.

Many papers have dealt with change of the balloon
shape and yarn tension force in the balloon. An impor-
tant contribution to this matter was given by research
workers at NCSU and Clemson university, who

Table 1 Variations in Tension before the Spindle [1,21

Package
Radius

(cm)

Range of Yarn Tension
at This Radius

(cN)

analyzed nonlinear phenomenon in high-speed yarn
transport. Figure 1 shows the dependence of the yarn
eyelet tension on the balloon height for typical param-
eters (dn = 4.5 and ). = 0.966) [3,4,5,6]. Multiple solutions
occur at either a constant balloon height or a constant
yarn tension but with dif ferent yarn lengts. Figure 2
shows the balloon radius plotted versus z for hi= 6. The

€
\
c

c0

L

Fig. 1 Dependence of yarn tension on balloon height (dn = 4.5, l" =
0.966) [3,4,5,6]

Fig.2 Balloon shapes (hi= 6, dn = 4,5, l" = 0.966): (a, top) half bal-
loons, (b, bottom) full balloons [3,4,5,61

(gr)

8.3
7.0
3.2
2.8
2.5
2.0

841 0
9 , 1 1
22,28
24.31
26.33
32 24

78,98
98,108
216,275
235,304
255,324
314,431

Table 2 Angle of warp and tension at the eye [1,2]

-s o.
t

.2
!
6
&

Yarn Linear
Density

(tex)

Spind le
speed
(min-l)

Angle of
wrap,f
(deg)

Mean tension
at the eye

(cN)

7 Q x 2

7 0 x 4

400
100
50
280
120
40

141.2
135.3
136.3
99.0
99.0
95.1

Baffoon Height H,/a

206

5850
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Table 3 Breaking characteristics of woollen type twisted yarns [1 1]

Tt
(tex)

Fb
(cN)

Fsm*
(cN)

0.5 Fsm
(cN)

0.5 Fsm
(cN/tex)

t€

("/")
t

( % )

Fr
(cN/tex)

2 8 x 2
2 1  x 2
4 2 x 2
3 2 x 2

406.0
227.4
595.6
387.4

2 1 . 3 6
7.64
1 7 . 1 0
7.83

7.25
5.41
9.31
6.05

5.60
0.45
6 . 1 2
1 . 2 8

1  18 .50
5 8 . 1 0
186 .90
104.87

59
29
93
52

1 . 0 6
0.69
1 . 1 1
0.82

*Fsm - start ing modulus for (e=1%)

balloon shapes divide into half (figure 2a) and full (fig-
ure 2b) bal loons. Half and ful l  bal loons have a local
maximum and minimum radius at the package, respec-
tively 13,4,5,6,7,8,9,101. The balloon name (half balloon,
single balloon, etc.) also reflects the number of loops
formed between the package and the guide eye. The
values of maximum radius for full and half balloons are
greater and less than 1, respectively. Thys, half balloons
can never be larger than the package diameter and can
only occur at the front edge of package [3,4,5,6,7].

Accurate yarn tension force posi t ion ing in  the
processing procedures and its influence on yarn break-
ing characteristics, is a problem that is being intensively
worked on, and this paper is a part of the effofts to solve
it. A voluminous paper dealing with this problem was
published at CHEMNITZ Technical university. Breaking
characteristics of 65 yarns of various compositions and
various uses were examined. Values of breaking char-
acteristics of woollen type twisted yarns examined at
this University are shown in table 3 [1 11.

Elasticity limit is an impoftant item in fibre and yarn
characteristics. lt is determined on the basis of graphi-
cal ly i nterpreted f orce- rel ative elon gation dependence.
It  must be born in mind that text i le f ibres and yarns
made from them, as typical polymers bodies, have all
three rheological properties (elasticity, viscoelasticity

and plasticity), and that under strain all three types of
deformations happen simultaneously, but at different
speeds. Owing to that, textile materials do not have
Hook's elasticity, since even slight strains cause re-
mai ni ng (plastic) deformations [1 2,1 3,1 4,1 51. Therefore,
textile materials elasticity limit are very low, so Wegener
[13] defines elast ici ty l imit as tension that after one
minute relaxation t ime does not cause deformation
greater than 0.1 %.

Material and examination methods

Woollen yarns from wool T-63 type spun by worsted
spinning process were used in this investigation. Three
yarn types of longitudinal mass 25,23 and 21 tex were
spun. This yarn type is interesting, since woollen fibres
have an outstanding viscoelastic deformation compo-
nent and long relaxation times, which makes them sen-
sitive to tension in the twisting process.

In the winding process, all yarns were exposed to the
tension force of 20,50 i 80 cN. In the twisting process,
three different tension force intensities were used for
each type of winded and double yarns. Tension force
was measured in free section after the first stable guide.
Yarn tension was measured with tensometer DTFX-200

Table 4 Registered values of tension force during twist ing of yarns of 21 tex longitudinal mass

20 8080802020

Tension force in winding (cN)

50 50 50

Tension force in twisting (cN)

Ft.u,

F t . in

F tp ic

S D

42.7
47.4
36.4
5 1 . 6
2.6

45.7
56.3
40.7
99.5
4.5

49.2
51.4
46.2
58.3
1 . 4

40.6
46.7
34.3
53.2
3 .5

43.0
52.9
38.2
s8.0
3.4

46.8
53.3
43.1
68.2
2.4

36.3
4 1 . 3
3 1 . 4
43.6
3.0

37.4
41.9
35.0
45.4
1 . 4

38.9
44.3
33.7
47.5
2.7

Table 5 Registered values of tension force during twisting of yarns of 23 tex longitudinal mass

808050202020

Tension force in winding (cN)

50 50 80

42.3
Ft.",
Ft',n
trr,  r p r C

S D

43.2
47.O
36.6
49.4
2 .3

43.9
48.3
37.9
52.8
2 .2

40.0
48.6
38.2
53.0
2.5

45.8
52.3
35.7
s6.8
3.3

40.8
55.8
38.3
58.7
3.2

42.8
44.8
35.4
48.6
2 .6

Tension force in twisting (cN)

42.2
44.7
33.8
52.9
2.6

43.9
48.1 49.2
37.2 39.2
51.2 52.1
2.2 2 .7
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Fig. 3 The first and second derivative of the curve F-e

type. Material was twisted on the twisting machine TSD
212type with a balloon restrictor produced by "SAVIO"
firm. After the relaxation period of two weeks, breaking
mechanical propefties of twisted yarns were examined.

Tables 4 and 5 show registered values of tension
force during twisting of yarn of 21 and 23 tex longitudi-
nal mass.

For the determination of breaking mechanical proper-
t ies of twisted yarns, automatic dynamometer

Table 6 Twisted yarns 21 tex , 2 breaking characteristics

INSTRON was used. On the basis of F-e curve, elas-
ticity limits of the analyzed yarns were defined for all
registered tension forces.

Borders between the F-e curve mentioned areas
were bending points at which the curves changed its
slope. The curve slope represented in fact the curve
modulus at certain points. On the basis of the modulus
curve, force and relative elongation values at the twisted
yarns elasticity limit Fe (the second bending point of the
curve F-(t), i.e. F"(e)=O). (figure 3) [151.

The actual breaking force action (Ao) was determined
(by the adequate software) on the basis of the force-
elongation dependence curve, while diagram coeffi-
cients ([) were determined on the basis of the actual
and conditional breaking action. Action to the elasticity
limit (A") of the analyzed yarns was also determined.
Percentage of force participation at the elasticity limit in
the breaking force also calculated.

Examination results

Fig. 4 shows collective curves F-e of twisted yarns
obtained by twisting yarns of 23 tex longitudinal mass.

The examination results of twisted yarns breaking

e Fsm*
% c N

Fb
cN

Ft"

cN

Ft'

cN

0.5 Fsm 0.5 Fsm
cN cN/tex

Fr Ab
cN/tex cN mm

50

80

42.7
45.7
49.2
40.6
43.0
46.8
36.3
37.4
38.9

344.2
340.6
325.1
315.2
3 1 4 . 1
3 1 1 . 1
300.5
299.6
294.2

1 6 . 0
1 6 . 0
1 5 . 0
1 5 . 0
1 5 . 0
1 5 . 0
1 4 . 0
1 4 . 0
14 .0

63.8
63.1
6 1 . 4
60.5
60.0
59.8
50.8
50.5
50.3

3 1 . 9 0
3 1 . 5 5
30.07
30.25
30.00
29.90
25.40
25.25
25.15

0.738
0.737
0 .717
0 . 7 1 5
0.708
0.690
0.600
0.598
0.590

7.96
7.96
7.76
7.45
7.41
7 . 1 8
7 . 1 0
7 . 1 0
6.90

4398.1
4345.6
3886.8
3735.1
3667.9
3639.8
3168 .6
3163 .2
3 1 1 1 . 6

0,798
0.797
0.797
0.790
0.785
0.780
0.753
0.754
0.755

Fsm* - start ing modulus for (e = 1o/o), Ft '  -  tension force in winding, F," - tension force in twist ing

2 4 6 8 1 0 1 2 1 4 1 6 1 8
t  ( % )

Fig. 4 Collective curve F-e of the twisted yarns 23 texx?longitudinal mass.
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z
o 300
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200

E '
'a
.9
3

r-20cN42.3cN
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50cN42.2cN
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Table 7 Twisted yarns 23 tex ' 2 breaking characteristics

€
o/o

Fb
CN

F,"
CN

F,'
CN

Fsm*
CN

0.5 Fsm 0.5 Fsm
cN cN/tex

Fr Ab
cN/tex cN mm

42,3
43,2
43,9
40,0
42,2
45,8
40,8
42,8
43,9

451 .5
449.6
447.1
435.0
418 .0
4 1 1 . 0
395.0
393.6
392.8

20.0
1 9 . 0
1 8 . 0
1 8 . 0
1 8 . 0
17.O
1 7 . 0
1 7 . O
1 6 . 0

89.0
88.8
88.6
88.2
87.8
87.2
86.0
85.0
84.0

45.0
44.4
44.3
44.1
43.9
43.6
43.0
42.5
42.0

0.99
0.98
0.98
0.99
0.98
0.96
0.94
0.92
0.89

9.99
9.96
9.93
9.80
9.33
9.06
8.65
8.52
8.34

7287.2 0.807
6868.1 0.804
6422.1 0.798
6235.5 0.796
5960.4 0.792
5470.5 0.782
5245.7 0.780
5205.7 0.778
4877.0 0.776

Fsm* - start ing modulus for (e = lVo), Ft '-  tension force in winding, F," - tension force in twist ing

Table 8 Twisted yarns 25 tex 
'2 

breaking characteristics

o

%
Fb
cN

Fr"
CN

Fr'
cN

Fsm*
cN

0.5 Fsm 0.5 Fsm
cN cN/tex

Fr Ab
cN/tex cN mm

24,3
28,5
34,7
39 ,1
40,2
44,6
28,6
28,8
35,9

562
542
528
5 1 6

512 .6
509.7
492.2
491.4
479.2

26.2
25.5
24.7
21.6
21.2
21.0
20.5
20.4
1 9 . 0

98.0
97.0
96.0
90.0
89.5
88.0
82.0
8 1 . 5
8 1 . 0

49.00
48.50
48.00
45.00
44.25
44.00
41.00
40.75
40.50

0.990
0.988
0.996
0.936
0.925
0.920
0.861
0.858
0.850

1 1 . 3 5
1 1 . 0 4
1 1 . 0 0
10.73
10.72
10.66
10.34
10.34
10.06

12029.4 0.817
1 1029.6 0 .798
10286.5 0 .789
8671.3 0 .778
9393.1 0.776
8220.4 0.768
7729.0 0.766
7678.8 0.766
6919.6 0 .760

Fsm' - start ing modulus for (e = 1o/o), F1' - tension force in winding, F," - tension force in twist ing

Tabfe 9 Analyses results of 21 texx2 twisted yarns F-e curves

Ft

Tension force in winding (cN)

50 50 50

Ft
ee (%)
Fe (cN)
Ae (cNmm)
Fe/Fb

42.7
1 . 0

63.8
31 .54
0 . 1 8 5

45.7
0.9
56.2
25.12
0 . 1 6 5

49.2
0.8
50.1
19.52
0.154

40.6
0 .8

49.3
18 .97
0 . 1 5 7

Tension force in twisting (cN)

43.0
0 .8
48.9
18.54
0.1s6

46.8
0.7
32.3
16.52
0.104

36.3
0.6
30.4
15.24
0 . 1 0 1

37.4
0.6
28.0

1 5 . 0 . 2
0.094

38.9
0 ,5
25.2
13.04
0.086

characteristics are given in tables 6, 7 and 8. On the
basis of previous experience, force values correspond-
ing to the starting modulus and half the starting modu-
lus in the absolute and relative sense were determined.

Results obtained by the analysis of twisted yarns
F-e curVes are shown in table 9. 10 and 1 1 .

Table 10 Analyses results of 23 texx2 twisted yarns F-e curves

Conclusion

Collective curves F-e (fig.4) and the results given in
tables 6, 7 and I indicate the following:
- package radius decrease in twisting causes tension

force increase [1,2];

Tension force in winding (cN)

50 50 50

Tension force in twisting (cN)

Ft
ee (%)
Fe (cN)
Ae cNmm)
FeiFb

42.3
1 .20
94.0

53.20
0.210

43.2
1 . 2 0
94.0
53.15
0.209

43.9
1 .20
92.0

52.60
0.206

40.0
1 . 2 0
89.6
43.40
0.206

42.2
1 . 2 0
84.8
43.02
0.203

45.8
1  . 1 0
8 1 . 5
42.12
0 . 1 9 8

40.8
1 . 1 0

74.37
40.98
0 .188

42.8
1  . 1 0

74 .15
40.68
0 .184

43.9
1 . 0 0

70.70
40.52
0.180

Vldkna a textilS (3) 206-210 (2001) 209



Tabf e 11 Analyses results of 25 texx2 twisted yarns F-e curves

2020Ft 20

Tension force in winding (cN)

50 50 50 80 8080

Tension force in twisting (cN)

Ft
ee (o/o)
Fe (cN)
Ae cNmm)
Fe/Fb

24.3
1 .70
155.7
123.9
0.277

28.5
1 . 5 0

150 .5
1 0 1 . 0 0
0.277

34.7
1 . 4 0
144.7
88.90
0.274

39.1
1 . 4 0
140 .0
87.45
0.271

40.2
1 . 4 0
139.0
86.92
0.271

44.6
1 . 3 6

136 .0
81 .29
0.267

28.6
1 . 4 0
1 2 8 . 0
79.72
0.260

28.8 35.9
1 . 4 0  1 . 4 0

127.7 123.1
79.35 78.60
0.260 0.259

- twisted yarns breaking force values (in the absolute
and relative sense) decrease as the registered ten-
sion force increase in twisting;

- the same decrease tendency has been also noted in
breaking elongation;

- action needed for twisted yarns breaking shows the
decreasing tendency with each higher tension force;

- diagram coefficient value (x) decreases with the ten-
sion force increase which indicates the curve shape
change;

- with the registered tension forces increase in twisting
half the starting modulus (in absolute and relative
sense) shows the decreasing tendency. This char-
acteristic is important since its value approximately
corresponds to the tension force 0.10' Fo (this is the
strictest criterium and it allows the lowest tension
level).
Results given tables 9, 10 and 1 1 indicate that with

the tension force increase elasticity limit value and elon-
gation force value at the elasticity limit decrease. Yarns
twisted with the tension force of greater intensity have
the F-e curye with gentler slope in the first, l inear part
of the curve, i.e. smaller deformation modulus. Force
(Fe) in worsted yarns spun from woollen fibres are quite
high, which is i l lustrated by their part icipation in the
breaking force (Fe/Fo). Therefore, F-e graph has ex-
tremely convex shape with greater slope of the curve in
the elast ic area (greater deformation modulus) and
greater slope in the viscoelastic part.

Examination results of breaking mechanical charac-
teristics point to the fact that with the yarn tension force
increase in twisting, yarn values decrease which influ-
ences twis ted yarns behavior  in  the subsequent
processing procedures. Therefore, their changed
behavior must be taken into consideration in the proc-
ess projecting.

References:

t1l  V. K. Kothari,  G. A. V. Leaf, Journal of theTexti le Inst i tute,5/
1979,18+-192

tzl V.K. Kothari, G.A.V. Leaf, Journal of the Textile Institute,S/1979,
1 93-197

t3l T.K. Ghosh, S.K. Batra, W.Oxenham, B.C. Goswami, C.Rahn,
W.B. Fraser, D. Stump, B.Wu, Nonlinear Phenomenon ln High-
Speed Yarn Transport, NTC Annual Report:August 1995, 231-
240

t4] T.K. Ghosh, S.K. Batra, W.Oxenham, B.C. Goswami, C.Rahn,
Nonlinear Phenomenon In High-Speed Yarn Transport,  NTC
Annual Report:  November 1996, 183-190

tsl T.K. Ghosh, S.K. Batra, W.Oxenham, B.C. Goswami, C.Rahn,
W.B.  Fraser  ,Nonl inear  Phenomenon In  High-Speed Yarn
Transport, NTC Annual Report: September 1994, 317-325

16l T.K. Ghosh, S.K. Batra, W.Oxenham, B.C. Goswami, C.Rahn,
W.B.  Fraser ,  Development  Exper imenta l  Eva luat ion Of
Nonlinear Phenomenon In High-Speed Yarn Transport System,
NTC Annual Report, F97-C5

t7l X. M. Kong, C. D. Rahn, B. C. Goswani, Steady-State Unwind-
ing of yarn from Cylindrical Packages, Textile Research Jour-
nal, Vol. 69, No. 4, 292-306, 1999.

t8l W. B. Fraser, The efeect of yarn elast ici ty on an unwinding
balloon, Journal of the Textile lnstitute, 411992,603-613

tgl W. B. Fraser, Air drag and friction in the two-for-one twister,
Journal of the Textile Institute, 3/1993, 364-375

[10] W. B. Fraser, On the dynamic of two-for-one twisting, Proc. R.
Soc. Lund 4447,40W25 (1993)

[1 1] K. Gruendig, G. Kugler, Mell iand Texti lberichte 9/1991 ,72+727
[12] K.E.Perepelkin, Struktura i  svojstva volokan, Himija, Moskva,

1 985

[13] Milan Mursic, Uvod v reologi jo, Univerza v Ljubl jani,  Lubl jana
1 973.

[13] W.Wegener, Texti lpruefung, Deutsche Verlags-Anstalt ,  Stutt-
gar t  1965,266

[14] P. Peric, V. Oreskovic, Pojmovi i  definici je znacajnih vel icina
kod stat ickih i  dinamickih ispit ivanja teksti lnih nit i ,  Zagreb,
Tekstil 5 (1982), 303-310

[15] J.Stepanovic, M.Stamenkovic, B. Antic, D. Radivojevic, The
Indian Textile Journal November 1999. 4649

Dragan Radivojevic
E mail: draganr3ST @ yahoo.com

High technic textile school
Vilema Pusmana 17

1 6000 Leskovac, Yugoslavia

210 Vl1kna a textilS (3) 206-210 (2001)



BrorEcHNoLocrE v rEXTrLNom zoSrncnfovnrui
Hodul,  P.

Fakulta chemickej a biochemickej technologie STU, Bratislava

uvoo

Textilnf priemyselje odvetvie, v ktorom sa uZ tradicne
pouZfvaj0 biologick6 procesy napr. pri rosenia mdcanf
I 'anu a konope, na odb0ranie pektinovyich latok a
uvolnenie celul6zonich vldkien, alebo pri od5lichtovanI
zaloZenom na hydrolfze Skrobu amyldzami. Nov6 typy
enzlmov a modern6 technologick6 postupy umoZnili v
poslednyich desiatich rokoch roz5irit ich pouZitie napr.
nahradit opracovanie denimov pemzou ( stone- wash-
ing), finalizovat bavlnen6 nirobky 0pravou bio-polish, ci
dosiahnut neplstiv0 0pravu pletenfch uirobkov .

Textiln6 prvovfroba je vel'mi ndrodnd na spotrebu
vody a energie. Mnoh6 jednotkov6 operdcie sa robia pri
velkom pomere ktpel'a a spotreba vody je najmenej 100
litrov na 1 kg materidlu a pri teplotdch nad 90'C. K tomu
sa prirad'uje pouZitie rozmanitfch chemikdlii ako s0
alkdlie, kyseliny, soli, tenzidy, farbivd a podobne, dasto
vo velmi vysolqich koncentrdcidch. Odpadov6 vody sa
vyznadujri vysokou hodnotou CHSK. Z dOvodov vysokej
ndrodnosti na zdroje a vysolqich prevddzkor4ich ndkla-
dov ako aj stdle rastriceho legislat(vneho tlaku na eko-
logicky 5kodliv6 operdcie sa hlhdajti alternativne techni-
ky zoSl'achtovania.

V St6toch EU bol v roku 1999 predloZenf ndvrh pro-
jektu COST Action 847, ktor6ho cielbm je vWoj environ-
mentdlne vfhodnfch enzymatickfch technol6gi i  pre
textiln;i priemysel. Projekt, rie5enie ktor6ho sa pldnuje
na 4 roky, zahriuje tieto oblasti

r hodnotenie kvality lanu
. biologick6 postupy spracovania lykouich vldkien
. biotechnologie pre spracovanie celulozovfch

vldkien
e biotechnologie pre bielkovinn6 vldkna.

V materidle Memorandum of understanding k uvede-
n6mu projektu sa vyzdvihuje potreba zjednotenia W-
skumnych kapacit pre z4iSenie konkurendnej schop-
nosti textiln6ho priemyslu Stdtov Europskej 0nie.

CHARAKTER ISTIKA ENZVMOV

Enzlimy su latky bielkovinn6ho charakteru, ktore
aktivuj0 a u4ichl'ujri chemick6 reakcie ako biokataly-
z6tory.lch ucinok je silne Specifickri a obvykle s0 schop-
n6 Stiepit iba jeden substrdt. Skladaju sa z dvoch funkd-
nlich dastf, koenzfmu a apoenzymu. Koenzyimom bfva
nfzkomolekulovd zlolkaalebo skupina, ktord urcuje typ
a mechanizmus katalyt ickej reakcie. Apoenzym je
tvorenf bielkovinnym nosi6om, ktorl i  determinuje

vldkna a textil 8 (3) 21 1-217 (2001)

Specificnost substr6tu enzymatickej reakcie. V roku
1955 sa prijalo systematick6 rozdelenie enzfmov podl'a
ich Specifick6ho Ucinku na 6 hlavnyich skupln:
1 . Oxidoreduktdzy - kalalyzuju oxidored ukdn6 reakcie

Me2* -+ Meo
2. Transterdzy katalyzujri prenos r6znych

funk6nfch skupln z  molekuly  donoru na molekulu
akceptoru

-NH- -+ -N=
3. Hydroldzy - katalyzuju hydrolyt ick6 Stiepenie

substrdtu
-+ H2O <-

4. LyAzy - katalyzujf nehydrolytick6 Stiepenie molek0l
A - + B + C

5. fzomerAzy - katalyzujri ustalovanie rovnovdhy medzi
dvoma izom6rmi

trans + cis
6. Ligazy -katalyzuj0 synt6zu dvoch zloliek

R r + R z - + R s
Katalytickyi ticinok enzfmov je zalo2en! na principe

kl'06- zdmok a moZno ho vyjadrit rovnicou
E + S e E S - + E + P

Aktivita enzlimov sa uddva v medzindrodnfch jednot-
kdch ( lU). Pri  jej  stanoveni sa urduje koncentrdcia
rozkladnfch produktov enzymatickej reakcie za jednot-
ku dasu napr. 1 lU pre celuldzu znamend,2e pri Stiepenf
celu lozy celu ldzou za opt imdlnych podmienok pH
a teploty  sa vzniknel  mikromol  g lukozy za jednu
hodinu.

Katalytickri ricinnost enzlimov ovplyvhuje celf rad
faktorov ale najvfznamnej5i vplyv md pH a teplota.
Zdvislost enzymatickej aktivity od pH nie je linedrna a
prechddza maximom.Kald'i enzym md najvy55iu akti-
vitu pri urcitej optimdlnej hodnote pH a s0 tieZ hranice,
pri ktoryich uZ nepOsobi. S0visito so zmenami ionizdcie
funkcnyich skupln v bocnfch retazcoch polypeptidic-
k6ho relazca. Pri extr6mnych hodnotdch pH sa naru5f
Struktura enzfmu a jeho aktivita zanikne. Yyrazna je a1
zdvislost od teploty. Vychadzajuc z te6rie aktlvnych
zrA\ok enzym - substrdt vzrastd enzymatick6 aktivita
zhruba dva krdt pri zni5eniteploty o 10 "C. Tento trend
pokracuje a2kym sa vplyvom teploty nenaru5f tercidrna
Struktfra enzymu. Preto sa zmeny teploty a pH pouZi-
vaj[ v technologickfch aplikdciach enzfmov ako cesty
k ukonceniu procesu.

Tenzidy, predov5etkfm i6nov6 (hlavne anionov6)
moZu vytv6rat s bielkovinnou zlolkou enzfmu
komplexy. Pri vy55ich koncentrdcidch tenzidu vznikajri
tydinkov6 komplexy a enzfm denaturuje. Neionov6
tenzidy naopak zvy5uj0 ridinok mnohfch enzyimov.
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Pri technologichich aplikdcidch enzfmov treba brat
do rivahy aj moZnf vplyv intenzivneho mechanick6ho
namdhania na aktivitu enzfmov.

Enzfmy sa ziskavaju z rastlinnlich a Zivodi5nych
surovin. Vo velkom sa izolujri z baktdrii, lorasiniek a h0b.
Nativne enzymy s[ vZdy viaczloZkov6 zmesi. Enzfmy
maj0 relatfvne citlivri Struktr.rru a nie je I'ahke integrovat
ich do technologickfch procesov. Z doteraz znAmych,
v literatfre poplsanlich asi 7 000 enzyimov, sa v prie-
mysle aplikuje okolo 75 (1). Znacn6 usil ie sa preto
venuje vWoju stabilizdtorov a stabilnej5fch enzymatic-
kfch prostriedkov. Jednou z ciest je imobiliz6cia, pri
ktorej sa enzfm naviaZe na vhodny typ nosi6a. lmobili-
zovan| enzfmy s0 stabilnej5ie, s0 odolnej5ie voci
kolisaniu teploty, pH, koncentrdcie substrdtu a vodi
d'alSim brzdiacim vplyvom napr. tenzidov. Vellqi zdujem
je o enzf my z mikroorganizmov Zijicich v extr6mnych
pod m ien kach. Extremof i I n6 m i kroorgan izmy prod u kuj u
kompaktn6 a \im aj stabiln6 enzymy, ktor6 maj0 dosta-
tocnu aktivitu pri extr6mnych hodnotdch pH, v prostredi
vysolqich koncentrdcilsolia pri teplotdch pod 0'C alebo
nad 100 'C

Enzfmy I'udia vyuZivajf uZ tisfcrodia, hlavne pri vi-
robe potravin, nesk6r si na5li cestu do oblasti uiroby
antibiotik a detergentov. Dnes je najvaic5lm spotre-
bitelbm enzfmovfch prostriedkov 4iroba detergentov
(40 %), potom nasleduj0 chemickf, textilnli, potravindr-
sky a papiernickf priemysel. V komercnfch detergen-
toch boli enzymy prqi krat pouZit6 v roku 1961 vo forme
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Obr. 1 Jednotkov6 oper6cie enzymatick6ho zo5lhchtovania bavlny
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protedzy v pr65ku Bio 40 (2), neskor v 8O-tych rokoch
sa uplatnili celuldzy (1985) a lipAzy (1987) a od roku
1993 sa vyuZivaj0 multienzfmov6 prostriedky.

V procesoch textiln6ho zo5l'achtovania prirodnfch
vldkien a vldkien z regenerovanej celulozy sa uZ dnes
uplatfiuje viacero Vpov enzfmov hlavne hydrol{z (amy-
l6zy, pektindzy, celuldzy, protedzy, lipdzy) a oxido-
reduktdz. Pomahaj0 Setrit vodou, energiou a surovinami
ako aj zniloval, mnoZstvo odpadov.

BAVLNA

Na tkaniny sa spracovdva aZ 65 o/o z celkov6ho obje-
mu v textile spracovanej bavlny. Zitkladn6 operdcie
predf pravy zrebnych tkanfn zahrnuju odSlichtovanie,
vfvarku a bielenie, ako samostatn6 alebo v roznych
kombindcidch. Medzi operdciami sa zarad'uje
viacndsobn6 pranie. Po farbeninasleduju d'alSie fpravy
pre zlepSenie vzhl'adu. S 4inimkou odSlichtovania sa
tieto procesy robia chemicky. Pre ilustrdciu ndrodnosti
chemiclcrich operdciipred0pravy moZno uviest, Ze napr.
na vyivarku sa pouZivaj0 roztoky hydroxidu sodn6ho s
koncentrdc iou aZ 80 g.L- t ,  pr i  b ie leni  sa pouZiva
hydroxid sodnf, peroxid vodika a stabilizdtory. Sir5ie
vyuZitie enzfmov umoZnf zoSlachtovanie bavlny podla
sch6my na obr. 1.

OdSlichtovanie

Dokonal6 odstrdnenie Slichty je zdkladnfm predpo-
kladom pre d'alSie operdcie v pred0prave. NajdoleZi-
tej5fm Slichtovaclm prostriedkom pre bavlnu je Skrob
(75o/o pouZlvanfch Sl icht),  ku ktor6mu sa priddvajf
zmdkdovadld na zAklade triglyceridov. Skrob a jeho
deriv6ty sa lahko hydrolyzuju amyl{zami na rozpustn6
produkty. Enzymatick6 odSlichtovanie predstavuje
najs tar5 i  sp6sob apl ikdc ie enzl imov v technologi i
zoSf'achtovania. Zakladnou vfhodou enzymatick6ho
od5lichtovania je, 2e vzhl 'adom na Specif ickf ucinok
amylilz sa celuloza bavlny nepoSkodl. Dnes sa pouZi-
vaj0 predovSetkfm bakteridlne amyldzy v neutralnej
oblasti pH (6, 4) a pri teplotdch a2 do 90 "C.

Ani pri tejto klasickej operdcii sa vlivoj nezastavil.
Urditf probl6m predstavuje napr. nedokonale odstrd-
nenie triglyceridov nachddzajr.rcich sa v Slichte. Skrob
vytvdra s triglyceridmi nerozpustn6 komplexy, preto sa
d'al5f podiel triglyceridov obvykle odstr6ni pri vyvdrke,
ale ani to nemuslbyt postacuj0ce. Z mdkciacej zlolky
Slichty - triglyceridov loja sa pri vyvdrke zmydel'nuje iba
10 o/o. Lange (3) zistil, 2e lip{zami sa ziska zmes gly-
cero lu,  mastnfch kysel in  a mono- a d ig lycer idov
(obr. 2), cim sa podstatne zniZi obsah zvy5kov6ho tuku
ako aj obsah zvy5kov6ho Skrobu (obr. 3). Od5lichto-
vacie prostriedky s lipdzou budri v krdtkom 6ase dostup-
n6 na trhu.

Produkty odb0rania Skrobu po od5lichtovani si lne
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Pre rispesn0 aplik6ciu enzfmov pri odstranovani
necelulozovfch ldtok hovori niekolko faktov. predo-
vsetkfm je to amorfnf charakter voskov, pektlnornich
ldtok a bielkovin. primdrna celulozovd,stena je amor-
fnej5ia ako sekunddrna pricom spolu s necelulozo4imi
ldtkami tuorl iba malf podiel z celkovej hmotnosti vld-
kien. Trhliny a defekty v povrchu vldkna ulahcuju pris-
tupnost enzymom.

Pektfnove ldtky sri diasto6ne esterifikovan6 pofy-
galaktur6nov6 kyseliny. spolu s bavlnenlim voskom
sposobuju hydrofobnost povrchu vlakna. pektinov6
enzymatick6 prostriedky vddsinou obsahuj0 pektin-
ly azy, po I yg al akt ur ondzy, pe ktatrydzy a pe kt f n e ste rdzy.
Pektinlyaizy, pofygarakturon 6zy a pektdtrydzy stiepia
glykozidick6 vdzby hlavn6ho relazca zatial', co pektin-
esterdza hydrolyzuje esterov6 vazby vytvarajfc tak
nov6 oblasti dostupn6 stiepeniu polygaiaxturondzou
apektdtly6zou. Li a Hardin (5) posudzovali odstrdnenie
pektinov nazdklade 6asov zmddania bavlnenlch tkanin
(obr.4).

uvedeniautori zistili, ze neionov6 tenzidy podstatne
zvy5uju 06in nost pektindz.

celuldzy s0 viaczroZkove enzfmov6 syst6my obvykle
produkovan6 hubami a bakt6riami. Enil imy im
u m oz i uj 0 r ozlozil po lysacharid i ckf refazec n a'g I u koz upotrebnf pre rast mikroorganizmov. vdcsinou r-"j"ona
o zmes troch zloiiek, z ktoryich kalda ma Specifick0
f unkciu pri cerkovej hydrorfze cerurozovfch
makromolekf f . Prud je endogrukandza, ktord Stiepi i,4-
glukozidick6 vaieby celulozov6ho retazca, prednostne v
nekryStalickfch oblastiach, a vytvdra tak nov6 0blasti
pre Stiepen ie exog I u kanlzou - celobiohyd roldzou, ktord
atakuje pofym6rny refazec na konci, za vzniku
celobiozy. Beta-glukozidilza hydrolyzuje celobio zu na
gfuk6zu. odburanie celulozy enzymami je zndzornen6
na obr. 5.

0 ,1

0,05

0

0 1000 3000 6000
Divka lipazy, LU/kg

Obr. 3 Vplyv tiplzy na zvy5korni,obsah Skrobu na tkanine (3)

zataluju odpadov6 vody. euandt (1) poukazarnamol-
nos( kaskddovit6ho spojenia enzymatickyich reakcii do
po sebe nasleduj0cich krokov, dim sa produkt prvej
operdcie d'alej men[. oligosacharidy z odb0rania skrobu
amyldzami sa v darsom stupni menia pomocou amylo-
glukoziddzy na glukozu. Na to m6ze nadvdzovat oxidd-
cia glukozy glukozid6zou na peroxid vodika a kyseriny
glukonov6, ako komplexotvorn6 ldtky.

Odburanie sprievodnlich t6tok

okrem celulozy obsahuje bavlna rad sprievodnfdr ldtok
ako su tuky, vosky, bielkoviny, pektiny, hemicelulozy a
lignin, ktor6 sa nachddzalu v kutikule a odstraiuj0 sa
vyvdrkou. Tdto ekologicky probfematicka operdcia sa dd
nah rad it e n zymaticlqim opracovan [m speciti c4im i enzyi-
mami v nasledovnom poradi: lipAzy, proteaiy, hemi-
celuldzy, pektindzy a lakilzy, alebo v jednom stupni
vhodnou kombindciou enzyimov a to za podstatne mier-
nejsrch podmienok. Doteraz sa pre tento 0cel sledovali
ffavne protedzy,lipdzy, pektindzy acnrurazy. Li a Hardin
(4) zistili, 2e lipitzy podobne ako protedzy samotn6 s0
menej fcin n6 ako cel u ldzy, najefektlvnejsie bol i pekti nazy
af ebo kombindcia eluliz s pektindzami.
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Obr. 5 Schematickd zn6zornenie synergick6ho 0dinku enzyimov pri
Stiepeni celulozy
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Obr. 6 VplW spracovania celuldzou na 6asy zm66ania bavlny (5)

V5etky tri druhy celuldz prejavujti synergictqi efekt, 6o
vysvetl'uje agresivitu enzfmov pri aplikdcii v techno-
logidch. Pokial'sa pouZij0 purifikovan6 zlolky s0 menej
0cinn6.

VplW celuldz na hydrofilizdciu bavlny v predtlprave
("enzymatickd vyvdrka") je vidiet z obr. 6.

Elimin6cia peroxidu vodika pred farbenim

Po bielenf bavlny peroxidom vodlka v alkalickom
prostredl sa materidl perie aby sa odstrdnil i  Stiepne
produkty, peroxid vod[ka, alkdlie a pomocn6 pros-
triedky. Ak sa materidl bude farbit je nevyhnutn6 fplne
odstrdnit peroxid vodika, na to je potrebn6 niekolko-
ndsobn6 pranie priteplote 80 ai90'C (obr.7). Rastu tak
ndklady na vodu a energie. Niektor6 farbivd sa peroxi-
dom vodfka rozkladaj0, co mAza ndsledok niZ5ie vyuZi-
t ie farbiva a naviac, mOZe sa menit odtiei a sftost
vyfarbenia. Ak sa na elimindciu peroxidu vodika pouZijti
reduk6n6 prostriedky napr. hydrog6nsiri6itan sodnf
alebo ditionicitan sodnyi, zvy5uje sa salinita azal.alenie
odpadornich v6d zl06eninami siry. Po antioxidaciitreba
redukcn6 prostriedky 0plne vyprat aby sa zabrdnilo
redukciifarblv.

Pr incipidlne nov6 r ieSenie umoZnujI  enzfmy.
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Obr. 7 MnoZstvo peroxidu vodika v k0peli po jednotliuich praniach (7)

Pomocou oxidoreduktAzy -katallzy sa peroxid vodika
riplne rozlo1i na kyslik a vodu pri pH 6-10 a teplote 20
a Z 5 0 " C :

2H2O2+ Oz + 2HzO

Kalal{zy sa dajf izolovat z hoviidzej pecene, z plesni
Asperg i l lus n iger  a lebo bakt6r i i  Micrococcus
lysodeikticus. Produkujri sa v znadnlich mnoZstvdch a
za dostupn6 ceny.  Dnes sa pouZivaj f  h lavne v
potravindrskom priemysle. Schacht a kol. (7) poukazali
na vfhodu pouZit ia imobil izovanfch kataldz. Biel iaci
kupel 'obsahuje okrem peroxidu vodika rad d'al5ich
zloliek, ktor6 zniluju aktivitu enz17mu. lmobilizovan6
enzymy majf lep5iu stabilitu voci kolisaniu teploty i pH
ako aj vySSej koncentrdcii soli ci tenzidov a umoZiuj0
ich opdtovn6 pouZitie. Na obr. 8 je zndzornenyi vplyv
imobilizovanej katal1zy na rozklad peroxidu vodfka.

Treba uviest, 2e katalAzy nerozkladaj0 iba peroxid
vodfka ale aj d'alSie oxidanty ako sti peroxoboritany ci
kysel ina peroxooctovd.
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Obr. 8 Zmeny koncentr6cie peroxidu vodika s 6asom v pracom
k0peli s imobilizovanou kataldzou (7)
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Etschmann a kol.  (8) urobi l i  ekonomick0 analfzu
procesu odstraiovania peroxidu vodika kataldzami.
Nakfady na materidl sa zvfSia o7 a211 % v dosledku
cien enzfmu ale vo v5etkfch d'al5ich poloZkdch sa
ndklady znilqu a2 o 20 %, ide hlavne o vodu a energie.
Cas bielenia ako celej operdcie sa skracuje o t hodinu
azniluje sa zataZenie odpadouich vod.

Kone6n6 uprava

V roku 1980 sa v konecnej fprave zabal pouZlvat
biofinish alebo biopolish. S0 to postupy zameran6 na
zlep5enie vzhladu povrchu materidlov. lde o spraco-
vanie povrchu celulozovfch materidlov enzfmami.
Celuldzami sa odstrahujri odstdvaj0ce vl6kna a nopky,
zniluje sa chlpatost. Zlep5isa lesk, hladkost a mikkost
povrchu, dosahuje sa vySSia bri lancia vyfarbenia a
ostrost potla6e, zlep5uje sa spllivavost a dosahuje sa
modny vzhl'ad.

Ucinkom celulaz sa zniZuje hmotnost a pevnost mate-
ridlu, preto treba pracovat s vhodnfmitypmi celul6z aby
sa straty minimalizovali. Dal5ie faktory s[ uveden6 v
tab .  1 .

Table 1 Faktory ovplyviuj0ce vfsledok biole5tenia celul6zami (6)

Enzfmy Zariadenia

oblastiach bez, rozsiahlejSieho po5kodenia vn0tornej
vrstvy materielu.

Snyder (9) zistil, 2e enzymaticky opracovan6 plete-
niny si zachov6vajf lepSivzhl'ad po viacndsobnom prani
v domdcnosti .  Zavr5nik (10) uvadza pre biole5tenie
enzfmom Rucolase ZELv ha5pli nasledovn6 podmien-
ky: mnoZstvo enzfmu 1 a23 o/0, pH 4 a2 5, teplota 50
C a 6as 30 a2 40 min.

Enzfmy sa daju pouZit aj pri spracovanimateridlov po
farbenf. Aby sa dosiahol modny opotrebovanli vzhl'ad
dZinsovfn farbenfch indigovfmi farbivami odieraj0 sa
denimy v pracich strojoch pemzou (stone washing ),
pridom sa zlska poZadovanyi efekt zn{my pod r6znym
oznadenim napr. Used look, Warn out a pod. Proces sa
d6 robit alenzymaticky. Robustnd kon5trukcia denimov
a rovnomernost rozloZenia bavlny sti idedlne pre opra-
covanie enzfmami. Vfsledkom vhodnej kombindcie
en4Tmov a obmeny postupov je velkd variabilita vzhl'a-
du dZfnsovin. VAc5inou sa pracuje pri  teplote 52'C
pocas 20 a2 90 min.

Z uveden6ho prehl 'adu vidiet,  2e enzfmy majf v
oblasti  zo5lachtovania bavlny velkt i  bud0cnost. Su
uihodne z ekologick6ho aj ekonomick6ho hladiska.

rNE cELULozovE vlarrua

Rosenie a mddanie l'anu s0 tradicn6 textiln6 procesy
vyuZivajuce biotechnol6giu. Pri  roseni sa vplyvom
mikroorganizmov enzymaticky rozkladajI sprievodn6
latky I'anu, hlavne pektlny, cfm sa uvol'hujti I 'anove
vldkna od drevitej dasti stonky. Podl'a klimatickyich
podmienok tld rosenie 3 aZ 6 tliZdiov, pricom je dOle-
Zit6 v praw 6as proces zastavit, aby nedo5lo k prerose-
niu, ktor6 je sprevddzanf po5kodenfm I'anu azn(len{m
pevnosti. Reprodukovatelhost a rovnomernost hydro-
l'!zy je zdvisld nielen od vfkyvov podasia ale aj od
podmienok pocas rastu. Pokusy o rozklad inkrustov
vldkna - pektinov hydrolyticklim Stiepenim napr. kyseli-
nami sa v praxi nepresadili.

Vfhody, ktor6 by priniesla ndhrada rosenia spraco-
van[m lhnu formuldciami Specificky pdsobiacich enzf-
mov za presne definovanfch podmienok s[ zrejm6.
Zni2ilo by sa riziko po5kodenia vldkien a dosiahla by sa
vySSia kvalita priadzt. ZloZitost rie5enia je fiom, Ze hoci
je I'anov6 vldkno dostatocne pevn6 jeho pevnost sa
mdZe vyiznamne zntlit 0cinkom niektonich enzfmov.
Srivisi to s vySSfm obsahom amorfnej celulozy a jej
niZSim priemernlm polymerizadnfm stuphom ako aj s
velkfm obsahom necelulozonich latok.

Okrem rosenia da enzfmy moZu pouZit, podobne ako
v prlpade bavlny, na odstrahovanie z plo5nyich textilif
odstdvaj0cich vldkien - biole5tenie. Vzhl'adom na citli-
vost I 'anu sri  na tento Icel vhodnejSie celuldzov6
prostriedky z ktorfch sa odstrdnila celobiohydrollza
(exoceluldza) (6).

Enzymatick6 spracovanie povrchu sa dd aplikovat aj

TYP
Ddvkovanie

pH
Teplota

Cas
TPP

TYP
Tvar

Rozmery
MnoZstvo materi6lu

Pomer kupel'a
Rfchlost

Pri spracovanlmateriAlu enz'fmami hra doleZitu 0lohu
pristupnost povrchu vldkien enzfmom. Preto pre mate-
ridl s vol'nou Struktrirou, otvorenV a s niZ5ou plo5nou
hmotnostou treba pouZivat menej agresivne celulAzy.

Kumar a kol. (6) pouZili kyshi celul6zu produkovanf
Trichoderma reesei na znilenie Zmolkovitosti 1 00 %
bavlnenej interlokovej pleteniny (obr. 9).

Cim vySSie je cfslo na stupnici Zmolkovitosti vySSie,
tyim niZ5ia je Zmolkovitost. Zatial'nie je fplne objasnend
funkcia kyslej celuldzy obohatenej o endoceluldzu.
Zistilo sa, Ze je menej agresfvna a atakuje predov5et-
klim odstdvajuce, pristupn6 vldkna a to v amorfnfch

4 
Zmolkovitost' 

5

bio leSteni  bavlnenej

. ' j

8 1 5
(l)

a -= )
c " o

Obr. 9 Zmolkovitost a straty pevnosti pri
pleteniny (6)
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na materiitly z regenerovanych celul6zovfch vldkien
ako sri viskozov6 moddlov6 alebo vldkna typu Lyocell
a Tencel. Pri zo5lachtovanl Cly vldkien sa napr. pred
farbenie zarad'uje enzymatickd defibrildcia kyslfmi
kataldzami, aby sa eliminovali probl6my spojen6 so
vznikom fibrfl (1 1).

BIELKOVINNE VLAKNA

Vlna, ako hlavny reprezentant tejto skupiny prirod-
nfch vldkien, je relatfvne drahd surovina, urdend pre
sortiment kvalitnfch luxusnfch nirobkov. Z viaceryich
moZnostiaplikdcie enzfmov napr. lipitz pri pranipotnej
vlny alebo celuldz pri odstrafrovanf rastlinnfch nedistOt,
ktor6 sa dnes dosahuje karbonizdciou, sa do tAzy
realizdcie v praxi dostala neplstivd fprava vlny proteo-
lytickyimi enzfmami.

V dosledku Supinatej Struktury povrchu md vlna ten-
denciu splstovat sa. Supiny, ktor6 s0 usporiadan6 ako
Sindle na streche sp6sobuju, Ze pri mechanickom
namdhanisa vldkna pohybuju smerom ku korenu. ESte
vfraznej5ie sa to prejavi ak je vldkno v napudanom
stave. Tento jav sa oznaduje ako Directional Friction
Effect (DFE). Pre ilustrdciu s0 v tab. 2 uveden6 hodnoty
charakterizujfce smeroui koef icient trenia.

Na jednej strane sa splstovanie vlny vyuZiva v techno-
logii zo5lachtovania pri valchovanf alebo pri uirobe plsti,

Table 2 Koeficienty trenia vlnen6ho vldkna v r6znom smere

Koeficient trenia

na strane druhej sposobuje plstivost probl6my pri udr-
Ziavani vlnenyich vlirobkov pranim. Zr62anie tkanin a
pletenln z6visf od sprdvania sa jednotl ivfch vldkien
podas prania. Silne zdvisf od Strukt0ry materidlu. Otvo-
ren6 Strukt0ry sa zrA2a10 viac ako hustej5ie tkaniny ci
pleteniny. V priebehu 4irobn6ho procesu sti jednotliv6
vl6kna a priadze vystaven6 mechanick6mu namdhaniu,
ktor6 diastodne zotrvdvaajv hotovom vfrobku. Pri pranf
sa napdtie uvolni a materidl sa zrALa ( relaxadn6 zrA-
2anie).Relaxadn6 zrAlanie moZno znLlit. tyim, Ze sa
uirobnf proces vedie pri 6o najmenSom namdhanf ako
aj krabovanfm a dekatovan(m. InV typ zrdianiaje plstiv6
zr A2anie vyvolan6 s pl stovan im vldki en.

Anijedn6mu zo5lachtovaciemu procesu sa vo vlndr-
skom sektore nevenuje tolko pozornosti ako neplstivej
0prave, na ktorri bol vyvinutli celf rad postupov. lch
spolocnlim znakom je snaha eliminovat 5upiny do takej
miery, aby sa dali vyrobit textilie, ktor6 by bolo moZn6
udrZiavat pranim bez rizika splstenia a zr62ania. Sub-
traktfvne postupy s[ zaloZen6 na oxidacnom naru5enl
5u pi natej vrstvy uci n kom peroxokysel in alebo zl 0cen i nam i
chloru. Aditfvne postupy vyuZivajf prekrytie Supin poly-
mernou vrstvou. V praxi sa najviac uplatfiuje postup
zaloleny na kombindcii chlordcie v kyslom prostredf s
ndslednou aplikdciou Zivice Hercosett (obr.1 0).

Uvedenli postup zabezpecuje vynikajtci neplstivli
efekt cielenfm 6iastocnfm chemiclaim naruSenlm Supfn
a ich prekrytfm polym6rnou vrstvickou. Po5kodenie vlny
a strag hmotnosti su nepatrn6. Postup md v5ak niekto-
16 nevfhody. Pri chlordcii v kyslom prostredi vznikajf
organick6 chlorovan6 zl0ceniny (AOX), ktor6 zaLaluju
odpadov6 vody a spOsobuju Zltnutie vlny. Zivie.adiastoc-
ne zhor5uje ohmat vlny a vznikd aj probl6m likviddcie
vlny s polym6rnou vrstvou po ukondeni Zivotnosti
vlirobku.

v smere suprn
proti Supindm

za sucha
0 , 1 1
0 , 1 4

za mokra
0 , 1 5
0,32

otrcHorLE *m:- onro{or^}re imcr

VAME

plt 1.5 I 2.0

t 5  r  2 0 ' C

9H t.5 r 9.5
2 0 i 3 5 ' C

pll 7.( r 7.6 9H 7.3

3 5  +  a 5 ' C  t 0  r  1 5  ' C

WEJlEJ]H]W] t\]]
r 2 3 ( 5 6

vrltr so slcil.l xonvex6ri ulu ronorori, vrlu xonotcrti wl.t vllu so slcix xorvarou ur'r.l
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Obr. 10 Kontinu6lna neplstivd 0prava vlnenfch desancov kombinovanfm postupom chlor6cia/Hercosett (12)
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Hl'adaj0 sa preto nov6 cesty k neplstivej 0prave.
Jednu z alternatlv predstavuje pouZitie nfzkoteplotnej
plazmy. S uvedenim do praxe sa pocita v buducich 5 aZ
10 rokoch.

My5lienka vyuZit na neplstivti upravu enzfmy nie je
novd. VyuZivaju sa pritom proteolytick6 enzymy, ktor6
katalyzuj 0 hyd rolytick6 Sti epe n ie bi el kovi n n6 ho r etazea:

Hzo
R1-CO-NH-R2 + Rr-COOH + Rz-NHz

Ak sa v5ak nerobl enzymatick6 spracovanie za prfsne
kontrolovanfch optimdlnych podmienok vyvola to eroziu
vlny aZ do uvolnenia fibril. Znamen6, to nevratn6 siln6
po5kodenie vlny sprev6dzan6 poklesom pevnosti aZ
o60%.

Zaciatkom devdtdesiatych rokov bol patentovany
postup zaloleny na kombindcii enzymatick6ho spraco-
vania s oxiddciou. V praxi sa zatial'presadil iba postup
Lanazym (13). Na zAklade nov6ho Vpu, doteraz v tex-
tile nepouZivanfch enziimu a optimaliz{cie parametrov
procesu bol vyvinuhi postup, ktoryi je d'aleko ucinnejSi
ako vSetky doteraz vysk05an6 enzymatick6 postupy. Pri
0prave Lanazym sa pouZiva k0pel'obsahujtici zmd-
dadlo, pufer a Specidlnu formuldciu protedz Perizym
AFW. Upravend vlna md v porovnani s chlorovanou
vlnou lepSf ohmat, niZ5iu Zmolkovitost, vySSiu belost a
zachovdva si svoj prirodnyi charakter. Krivka zr6Zavosti
pri pranf md podobnf priebeh ako pri chl6rovanej vlne
(obr .1  1)

Pri uprave poklesne hmotnost materidlu o 2 a2 5 %
a pevnost o 15 a2 20 %. Na trhu sa presadili ponoZky
a spodn6 prddlo s ochrannou zndmkou Living Wool.
Vfrobky moZno prat bez rizika splstenia aj ked'
nesplnaj0 poZiadavky 0pravy Super wash ako je tomu
pri postu pe chlorovanie/Hercosett.

2 4 6 8 1 0
Podet prani

Obr. 11 ZrAiavost vlny pri pranf (13)

Z uveden6ho prehladu vidiet, Ze na prahu 21. storodia
prina5aj0 enzfmov6 technologie do klasickej tradicnej
textilnej uiroby nov6 impulzy a nov0 kvalitu.
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PRAKTICKE POUZITIE FENTONOVEJ REAKCIE NA
crsreNrE oDPAoovVcH v6o

Prousek J.

Fakulta chemickej a potravinerskej technologie STU, Katedra Zivotndho prostredia, Bratislava

Nutnou podmienkou uislqtu Zivota na tejto plan6te je
prltomnost nezdvadnej vody. V mnohfch krajindch sa
uZ dnes voda stala strategickou surovinou a je zrejm|,
Ze jedinou moZnostou trvalo udrZatel'n6ho rozvoja je
cistit odpadov6 vody a d'alej neznedistovat stdvajrice
prirodn6 vodn6 zdroje. T[to skutodnost mdZeme ilus-
trovat nasledujricimi tdajmi. Celkov6 mnoZstvo vody na
zemskom povrchu predstavu je 1,4 x 109 km3, z toho
ocedny 97,5 o/o, poldrny a ladovcovf lad 1,74 o/o, pod-
zemnd voda 0,76 o/o, rieky ajazerd 0,008 %. PribliZne
9 000 km3 z tohto mnoZstva predstavuje vodu potencidl-
ne vyuZitelhu ako vodu pitnf za rok. Podla informdcie
WHO ale 1 ,2 miliardy I'udi (1/4 svetovej populacie) pos-
trdda hygienicky nezdvadn0 pitnu vodu, 1,4 miliardy ludi
existuje bez uspokojiveho hygienick6ho kanalizacn6ho
zariadenia a viac ako 80 krajin (t +O % svetovej popu-
lacie) trpf nedostatkom vody. Druh pouZitej technol6gie
cistenia zdvisf od charakteru znedistenej vody a najmd
od poZadovanfch findlnych parametrov vydistenej vo-
dy. Napriklad spla5kov6 vody sa po vycistenf daj0
pouZit ako vody z6vlahov6 alebo technologick6.

Vedl'a klasickfch met6d distenia odpadouich vod [1]
sa v sfcasnosti stdle viac uplatiuj0 r6zne pokrocil6 cis-
tiace metody. K nim patria predovSetklim tak6 AOTs
(Advanced Oxidation Tech nolog ies) tech nolog ie, ktor6
po svojej aplikacii maju co najmen5i dopad na Zivotn6
prostredie. AOTs moZeme rozdelit na metody chemic-
ke [2,3] a fotochemick6 [4,5]. K himto postupom patrf aj
Fentonova a foto-Fentonova reakcia a ich r6zne modi-
fikdcie (Fenton-like reactions, FLR) [6]. Nakolko odpa-
dov6 vody z textiln6ho a farbiarskeho priemyslu patria
z hl'adiska distenia k problematickyim odpadoqim vo-
d6m, bude v tomto cldnku kladenf doraz najmd na cis-
tenie tohto typu odpadovej vody. Druhou rizikovou ob-
lastou znedistenia vod su nfzke koncentrdcie
perzistentnyich ldtok, ktor6 sa klasickfmi postupmi 6is-
tenia nedaju odstrdnit a vplyvom svojich kumulatlvny-
ch vlastnostlsp6sobuj[ r6zne zdravotn6 rizikd. Tretou
oblastou pouZitia Fentonovej reakcie su prfpady biolo-
gicky neodburatelh6ho znedistenia, kedy sa Fentono-
va reakcia vyuZije ako predfprava v chemickom stup-
ni 6istenia pred vlastnfm biologicloim distenfm. Do tejto
oblasti patrl napriklad povrchovo aktlvne latky a rozne
emulgdtory. V sudasnosti s0 Fentonovou reakciou cis-
ten6 aj mnoh6 in6 typy vdd ako s[ napriklad priesako-
v6 vody zo sklddok odpadu, zne6isten6 podzemn6 vo-
dy a kontaminovand poda. DdleZitou oblastou je aj
pouZitie Fentonovej reakcie na degraddciu prioritnfch
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polutantov v6d, ako sri napriklad chl6rfenoly, nitrofenoly,
polyaromatick6 uhlbvodlky, chlorovan6 rozpu5tadld
a mnoh6 in6 chemick6 zlfceniny.

1. Fentonova reakcia

Fentonova reakcia a jej modifikdcie patria k 6asto po-
uZfvanyim postupom cistenia vod. lde o tcinnf oxidac-
nf syst6m produkujuci hydroxylov6 radik6ly:

Fe2* + HrOr-+ Fe3* + HO- + HO'

Reakcia optimdlne prebieha pri hodnote pH - 3. Pot-
rebnd ddvka Fentonovho cinidla (HrO, + Fe2* sol) je zd-
visld od charakteru a miery znedistenia. Plativ5eobec-
n6 pravidlo, 2e d[m viac sa koncentradnf pomer
peroxidu vodika aleleznatej soli bliZi jednej, tyim viac
je Fentonove cinidlo silnej5im oxidadnyim dinidlom. Ako
Fe2* sol i  sa najcastej5ie pouZfvaju F-eSOa..7H2O
a Fe(NH.)2(SO4)2.6 HrO (Mohrova sol). Cas potrebnf
na ucinnu degraddciu znecistenin alebo fcinn6 odfar-
benie je potrebn6 pre kaZd0 odpadovu vodu stanovit ex-
perimentdlne. NajcastejSie sa pohybuje v rozmedz( 1-
2n.Z hl'adiska charakteru znedistenia je d0leZit6 zv62il
postup praktick6ho cistenia, ako je tomu naprfklad v pri-
pade odpadouich v6d z farbenia tkaniv, ktor6 sa vyz-
naduj0 vysokou mineralizdciou, vysokfm obsahom or-
ganick6ho znedistenia a farbfv. Vhodnou pred0pravou
vysoko znedistenej vody pred vlastnou Fentonovou
reakciou je koaguldcia, ktorou sa znlZi vysokd vfcho-
diskovd hodnota CHSK a dasto ajfarebnost. Ndslednou
oxiddciou takto predupravenej odpadovej vody Fento-
novou reakciou a biologickfm docistenfm sa vdc5inou
dosiahnu uZ po2adovan6 findlne parametre pre vycis-
ten0 vodu. Vel 'mi vfhodnou praktickou apl ikdciou je
vyuZitie tzv. koaguldcie indukovanej Fentonovou reak-
ciou. lde o experimentdlny postup, kedy sa vo findlnom
kroku uskutodni neutralizAcia za vytvorenia objemnej
zr azeniny hyd rox i d u Zelezitflho. C h ara kte r vz n i kn u hi ch
kalonich flok0l a tfm aj nichlost sedimentdcie je moZ-
n6 d'alej zlep5it prfdavkom koagulantu a f lokulantu.
V na5ich experimentoch sa ndm ako vel 'mi dobr6
koag ulacn6 6in id lo osveddi I polyal u mini umchlorid (PAC)
[7,81.

Prednostou Fentonovej reakcie pre praktick6 pouZi-
tie je ajtechnologickd nendrodnost potrebn6ho zariade-
nia. Klasick0 Fentonovu reakciu mdZeme totiZ apliko-
vat v danfch technologickfch zariadeniach, napriklad
do transportn6ho potrubia odpadovej vody je moZne
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d6vkovat potrebn6 mnoZstvd Fe2* soli aH2O..Z ekono-
mick6ho hl'adiska patrl Fentonova reakcia k najlacnej-
Sim AOTs 6istiacim technologidm. VyuZitie Fentonovho
cinidla na 6istenie prirodnfch a odpadouich vod je W-
hodn6 oproti infm postupom aj v tom, Ze pouZit6 che-
mikdlie nezataZuj0 syst6m a rozkladaj0 sa na ne5kod-
ne ldtky. Praktick6 skfsenosti  zfskan6 pri  disteni
modelornich ako aj redlnych odpadoWch v6d Fentono-
vou a foto-Fentonovou reakciou a ich modifikdciami s[
d'alej ilustrovan6 vybranyimi prikladmi z tejto oblasti
pouZitia AOTs technologii.

Cistenie odpadouich vOd farbiarskeho a textiln6ho
priemyslu patri k ndrocnfm probl6mom technologickej
ripravy odpadovfch vdd. Praktick6 pouZitie Fentonovej
reakcie na cistenie farebnyich odpadovlch vod spocfva
v dvoch zdkladnfch procesoch a to:

a) redoxnom odfarbovani syst6mom generujfcim
HO' radik6ly,

b) koag u I aci i (spol uzr 62an[) vyvolan ej hyd roxokom -
plexami Zelezihich kati6nov.

Pokial ' ide o redoxn6 odfarbovanie je tento proces
spojenyi s komplexom redoxnfch reakcif sprevddzajf-
cich vlastn0 Fentonovu reakciu. Z praxe je zn{me,2e
peroxid vodfka a 2eleznat6 kationy s[ zvycajne omno-
ho stAlej5ie v kyslom prostredi. Ak v5ak k tomuto sys-
t6mu priddme organickf substrdt (RH), zacnf prebie-
hat nasledujfce reakcie [9]:

Fe2* + Hro, -+ Fe3* + Ho' + Ho

RH + HO'  -+ HrO + R'

R' + Fe3* -+ R* + Fe2*

R' + Oz -+ ROO' -+ produkty degrad6cie

Hydroxylovf radikdl atakuje organickf substrdt RH
podobne ako nenasliten0 molekulu farbiva. Takfmto
sposobom je potom chromofor alebo chromog6n mole-
kuly farbiva degradovanf a odfarbovanf. Vedlh tlichto
reakcif sa uplatnuje aj dimerizdcia vytvoren6ho radikd-
lu  R ' :

R ' +  R ' +  R - R

Dimerizdcia je velkou vlihodou uvedenej metody, na-
kolko organick6 molekuly farbiva su tymto sposobom
odstraiovan6 z odpadoWch vod s podstatne vySSou
[6innostou.

Jednou z pr4ich prdc, ktord sa podrobne zaoberala
odfarbovanim farebnyich odpadovfch vOd s vyuZitlm
Fentonovej reakcie je obsiahla prdca Kua [10]. V tejto
prdci boli Studovan6 modelov6 a redlne farebn6 odpa-
dov6 vody. Modelov6 vody sa skladali z 5 roznych ty-
pov farbiv s koncentrdciou 300 mg.l-1 a to:

1. reaktfvne farbivd: Red 141, Blue 71 aBlue 172,
2. disperzn6 farbivd: Red 60, Blue 139 a Dispersol

Black D-zB.,
3. priame farbivd: Blue 86, Violet 47 aBlack112,
4. bAzick6 farbivd: Blue 3, Violet 7 a Red 1 8 : 1 ,
5. kysle farbivd: Blue 264, Bed 337 aYellow 222.
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V5etky simulovan6 odpadov6 vody okrem prvejskupi-
ny obsahovali 2,5 g.l-1 siranu sodn6ho. Odpadov6 vody
prvej skupiny obsahovali 8 g.l-1 siranu sodn6ho a 4 g.l-1
uhlicitanu sodn6ho. Tdto prdca predstavuje jednu z do-
posial' najdoleZitej5ich prdc vyuZitia Fentonovej reakcie
na 6istenie v6d, nakolko v nej boli urden6 rozhodujice
parametre optimdlneho priebehu Fentonovej reakcie
a to pH = 3,5, vplyv teploty, potrebnyi efektfvny 6as reak-
cie a najmd potrebn6 ddvky Fentonov6ho cinidlav za-
vislosti od typu farbiva. Podobne ako v na5om labora-
toriu, aj v infch prdcach autori vychddzali prdve z tejto
prdce [101. UZ v tejto prdci autor zdoraznil uihodnf eko-
nomick0 strdnku pouZitej metody, 6o sa dal5im 4isku-
mom len potvrdilo. Udinnost a efektfvnost v prdci [10]
ndjdenfch parametrov autor potvrdil aj pri distenf redl-
nych farebn;ich odpadoWch v6d, kedy pre jednotliv6
uveden6 typy farbiv bola priemernd hodnota odstrdne-
nej chemickej spotreby kyslika (CHSK) 90 % a priemer-
nd hodnota 0cinnosti odfarbenia vySSia ako 97 %. Uve-
den6 prdca urcitfm sp6sobom odStartovala dnes uZ
vel'mi Sirokri vliskum pouZitia Fentonovej reakcie na dis-
tenie odpadovfch vod a to najmd v krajindch, kde s0 fa-
rebn6 odpadov6 vody produkovan6 v znadnfch mnoZ-
stvdch (Cina, Taiwan, Turecko, Hongkong, Korea a in6
krajiny). Dal5ivjskum tejto oblasti priniesol podstatn6
zlep5enia niektoryich v prdci [10] uvedenfch postupov.
Takouto prdcou, ktord dobre tieto pokroky dokresl'uje,
je praca zaoberajum sa pouZitfm Fentonovej reakcie na
distenie odpadonich vOd zo Slichtovania a odSlichtova-
nia [11]. V tejto prdci bol dosiahnuhi pokrok vo viaceryich
smeroch. Podobne ako v infch prdcach, bolo ako opti-
mdlne poturden6 pH = 3. Vel'mi doleZi\im zdverom bolo
aj zistenie optimdlnej teploty Fentonovej reakcie 30 oC

a optim6lneho 6asu reakcie t h. Podstatnlim zlep5enfm
bola aplik6cia polyaluminiumchloridu (PAC) ako koagu-
ladn6ho 6inidla a polym6ru ako flokula6n6ho 6inidla vo fi-
ndlnom kroku procesu dstenia. Autori [11]pouZilitento po-
stup. Po ukondenf Fentonovej reakcie upravili pH na
hodnotu 7-10. K vzniknutejzrazenine potom za intenzfv-
neho mie5ania pridali PAC (100 mg.l-1) a polym6r (1-2
mg.l-t).Tfmto postupom sa vytvoria velk6 flokule s dob-
rou sedimentadnou schopnostou,6fm saCas, potrebnf na
sedimentdciu skrdtil z hodin (a224 h) na minuty. V tejto
prdci sa autori zaoberali tieZ probl6mom pouZit6ho kon-
centradn6ho pomeru H2O/FeSO.. Chybou mnohlich
prac blva totiZ velk6 hodnota tohto pomeru, naprklad 2f
100. V takom prfpade sa potom uplatnuje reakcia hydro-
xylov6ho radikdlu s peroxidom vodfka ako reakcia hlav-
n6:

HO'+ HrOz + H2O + HOO'

Peroxid vodika sa rozkladd a odcerpdvajri sa reaktiv-
ne hydroxylov6 radikaly a tym sa rniznamne znfti 0cin-
nost cel6ho procesu. T0to skutodnost m6Zeme poturdit
nasfedujucim prlkladom [12]. Autori ll2lzmie5ali roztok
10a mol.l-t FeZ* a 104 mol.l-l HzOrso zriedenlimi roz-
tokmi metyloranZe, kedy sa farebn6 roztoky l 'ahko

219



a rlichlo odfarbili. So zvySuj0cou sa koncentr6ciou
HrO, sa ridinnost odfarbenia znilovala, aZ v prfpade
koncentrdcie 1 mol.Fl HzO2 sa roztok neodfarbilv6bec.
Na strane druhej je ale znilme, 2e akje koncentrdcia
Fe2* vacsia ako HrOr, vykazuje takdto s0stava siln6
oxidadn6 06inky [13].

Infm experimentdlnym probl6mom je aj skutodnost,
di sa celkovd oxidadnd udinnost syst6mu z4i5i, ak FR
uskutodnime vo viacenich krokoch za sebou, t.j. postup-
nfm pridavanim potrebnfch chemikalii. Napriklad autori
[11]overovalitento probl6m lak,2e v jednostupfrovom us-
poriadani pouZili pomer H2O2|FeSO+ = 1000/400 mg.l-t
a pri dvojstupfiovom usporiadaniarolilitak6 pomery, ktor6
spolu dajf koncentrdcie v jednostupiovom usporiadani,
t. j. v pruom stupni pouZili pomer 100/300 a v druhom
stupni pomer 900/1 00.2o ziskanfch vlsledkov vyplynu-
lo, 2e dvojstupfrov6 usporiadanie viedlo len k mal6mu
zui5eniu 06innosti syst6mu. To ale neznamend, Ze po-
stupn6 priddvanie nemdZe viest k podstatne lep5im qis-
ledkom ako jednostupiov6. Jednotlive davky chemikdlii
je potrebn6 rozdelit na men5ie a priddvat ich podas ce-
l6ho experimentu tak, aby bola zaistend kontinudlna pro-
dukcia hydroxyloWch radikAlov.

KedZe odpadov6 vody z textiln6ho a farbiarskeho
priemyslu maj0 vysok6 organick6 znedistenie (vysoka
pociatocnd hodnota CHSK) a s[ farebn6, bolo potreb-
n6 rieiit aj probl6m ich pred0pravy a navrhn0t techno-
logick6 usporiadanie procesu distenia. Kontinudlny sys-
t6m pracujrici na princlpe FR je opisanf v praci [1a].
Tento kontinudlne pracujrici syst6m pozostdva v prvom
kroku z chemickej koaguldcie (PAC + polym6r) s nd-
slednou sedimentdciou vzniknut6ho kalu. Po 0prave vo-
dy na pH = 3 je potom v d'alSom stupni voda 6istend FR
spojenou s koaguldciou (PAC + polym6r) s ndslednou
sedimentdciou kalu. Takto upravendvoda sa potom cisti
na biologickom stupni s aktivovanfm kalom. Celli pro-
ces distenia bol hodnotenV aj po ekonomickej strdnke
a n6klady spojen6 s vydistenim 1 tony vody predstavo-
vali 0,403 doldra. To je oproti konvendnfm spOsobom
cistenia asi o 10 % menej a s06asne kvalita vydistenej
vody bola podstatne lep5ia.

Zaujimavym zlep5enim, najmd pre kontinudlne syst6-
my, je pouZitie elektro-Fentonovej a fotoelektro-Fentono-
vej reakcie [15,16]. V prfpade elektro-Fentonovej reakcie
je H2O2 produkovany in sftu na katode, ku ktorejje konti-
nudlne priv6dzanf kyslik pri pH - 3, kedy peroxid vodka
vznikd podlh sch6my Oz + Oi- -+ HOO' +H2O2. OZia-
renlm tohto syst6mu UV svetlom vznikd ricinnej5ia fotoe-
lektro-Fentonova reakcia. V tomto syst6me sa paralelne
uplatniklasickd FR a foto-Fentonova reakcia. Najvy55ej
degradacnej udinnosti sa dosiahlo pri pouZiti f errioxaldto-
v6ho syst6mu [161. Autori l17l rryuZili elektro-Fentonovu
reakciu v kontinudlnom usporiadanf na distenie textilnf-
ch odpadouich v6d a v uZ uvedenej prdci [14] na 6iste-
nie priesakouich vod zo sklddok odpadu.

Vedl'a textilnfch odpadouich vod [18,19] sa v sfdas-
nosti FR 0spe5ne uplatiuje na cistenie roznych typov
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odpadonich v6d, aklmi s0 naprfklad posledne meno-
van6 priesakov6 vody. Tak napriklad v prdci [20]je opi-
san6 dvojstupiov6 distenie priesakovejvody zo skldd-
ky tuh6ho odpadu, ktord sa vyznacovala vysokfm
obsahom organick6ho znecistenia. Uveden6 priesako-
vd voda mala uichodiskovri hodnotu CHSK = 15 700
mg.F1 a N-NH. = 2 300 mg.l-1. V prvom stupni bola td-
to voda cistend biologicky na UASB (Upflow Anaerobic
Sludge Blanket) reaktore pri 37 oC, kedy v priebehu 6,6
dnibola CHSK odstrdnend na 8f91 %. Odtok z UASB
reaktora mal hodnotu CHSK = 1 500 mg.l-t a bol potom
v druhom stupni cistenf Fentonovou reakciou. V tom-
to stupni bola CHSK odstr6nend na 70 %. Ako optimdl-
ne podmienky FR autori uvddzajf pH = 4-6, koncentrd-
ciu Fe2* = 300 mg.l-1 aH2O2= 2OO mg.l-t .  Findlna
hodnota CHSK na odtoku bola 47 mg.l-t a teda celko-
vd 06innost odstrdnenia CHSK bola 97 %. Tento prik-
lad predstavuje skor opacnf a riedko pouZlvanf postup.
Biologichi stupen v tomto pripade hrd 0lohu predupra-
vy vody s rrysokou vstupnou hodnotou CHSK pred vlas-
tnou aplik6ciou Fentonovej reakcie.

Dal5fm prfkladom [21]je priesakovd voda zo sklddky
od padov ch arakte ri zovan d uichod i skoui m i hod notam i
CHSK = 1 500 mg.l-t, BSKs : 30 mg.l-t, N-NH. = 1 300
mg.F1 a CF = 4 500 mg.l-t. Tato biologicky rezistentnd
voda bola 6istend Fentonovou reakciou. V prdci bolo
pouZitd pH v rozsahu 2,H a bolo zisten6, Ze FeSOo
v mnoZstve vySSom ako 500 mg.l-t nevedie u2 k zvy-
Seniu odstrdnenej CHSK. Zistilo sa d'alej, Ze vyuZitie
HrOrna odstrdnenie CHSK bolo iba 45 o/o a 2e 25 % od-
strdnenej CHSK sa uskutocnilo koaguldciou. bal5ie
zlep5enie uveden6ho procesu distenia priesakovfch
vdd zo sklddok zdravotn6ho materialu je oplsan6 v prdci

l22|V tejto prdci bola pouZitd recykldcia kalu vznikajf-
ceho pri Fentonovej oxiddcii a jeho pouZitie pri koagu-
ldcii na vstupe. Autori zistili, Ze pouZitfm tohto postupu
sa zrni5ila hodnota odstrdnenej CHSK o 9 % a mnoZ-
stvo Wsledn6ho kalu sa zredukovalo na 350 o/o. Podob-
ne aj potreba koaguladn6ho dinidla sa znfZila na 50 %.
Zaujtmavym zistenim prdce bola aj skutocnost, Ze po-
stupnim priddvanim reagentov (HrO., FeSOo) sa zvy-
Sila hodnota odstrdnenej CHSK o 5 % a 2e do5lo k 25
% zmen5eniu spotreby chemikalii 1221.

Fentonova reakcia sa pouZfva najmd na degraddciu
biologicky nerozloZitel'nych alebo taZko rozloZitel'nfch
polutantov. Do tejto skupiny patrf aj povrchovo aktfvne
latky (tenzidy a detergenty) 123,241. Napriklad v prdci

l24l je opisan6 pouZit ie FR na degraddciu dvoch
roznych alkylbenz6n sulfondtov. PouZitd koncentrdcia
tenzidov bola 10 mg.l-1, do predstavuje limitn0 hodno-
tu znedistenia povrchouich v6d, nakolko pritejto a vyS-
Sej koncentrdcii u2 dochddzak peneniu. Na degradd-
ciu bol i  pouZit6 ako optimdlne t ieto podmienky:
koncentrdcia FeSOo 90 mg.l-' ,HrOr60 mg.l-1, reakdnli
cas 50 minut a pH = 3. Za uvedenych podmienok boli
tenzidy odstrdnend s fcinnostou vySSou ako 95 %. M6-
loni pomer H2O/FeSO4 = 3,26 poukazuje na siln6 oxi-
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dacn6 ucinky Fentonov6ho cinidla. Tento priklad pred- rovnanIso syst6mom H2OrlUV boli energetick6 n6kla-
stavuje prdve prfpad nizkej koncentracnej zdtale tal- dy v prrpade FFR niZ5ie o 73-83 o/0.

ko odburatelhfch polutantov. Dal5ou oblastou vyuZitia FFR je degraddcia rOznych
Fentonova reakcia je v sucasnosti pouZfvand na dis- pesticfdov a podobnfch prfpravkov. V prdci [29] porov-

tenie vod stdle viac. Vzrastajfci trend pouZitia je odra- ndval Pignatello ricinnost degraddcie 2,4-dichlorfeno-
zom skutodnosti, Ze Fentonova reakcia vykazuje zna6- xyoctovej kyseliny (2,4-D) a2,4,5-lrichlorfenoxyoctovej
n6 degradadn6 schopnosti a s06asne patrf k ekonomicky kyseliny (2,4,5-T) pomocou FR a FFR. Dechlor6cia 0,1
najmenej ndrocnyim distiacim procesom. mmol.l-' roztoku herbicidu prebiehala nichlo a kvantita-

tlvne. Mineralizdcia na CO2 sa pohybovala v rozsahu

2. Foto_Fentonova reakcia 4'-170 o/o v zAvislosti od pouZitej koncentrdcie H2O2 (1O-
500 m mo l.l1 ) . Za pouZitia molov6ho pomeru H 20 2Jher -

Foto-Fentonova reakcia (FFR) a jej modifikacie patri bicid = 5 prebehla pomocou FFR 0plna mineralizdciaza
k vfznamnyim AOTs syst6mom najmd v krajindch menej ako2h.Zo stechiometricklich st0dif d'alejvyply-
s dostatocn;im slnecnfm Ziarenim 125,261. Pri klasickej va,2e v priebehu reakciisa spotrebuva vzduSnf kyslik
FR s0 Fe2* kationy oxidovan6 nevratne na Fet*, zalial' (co potvrdzuje radikdlovf priebeh reakcie, kyslfk sa
co v prlpade FFR vedla klasickej FR beZi paralelne aj spotreb0va najmd v reakcii radikdlu R' + Oe -+
fotoredukcia Fe3* na Fe2* za produkcie hydroxylov6ho ROO' ako aj v infch reakcidch s rdznymi radikdlmi).
radikdlu. Pri fotochemickej degraddcii beZiaj priama fo- FFR niznamne ovplyvhuje pritomnost roznych mine-
todegraddcia vlastn6ho polutantu a fotolfza H2O2na2 rdlnych soli, ako sri napriklad chloridy a sfrany, s ktoryTmi
hydroxylov6 radikdly: hydroxylovf radikdl reaguje a tym sa zniZuje oxidacnd

Fe(OH)2. + hv _+ Fe2* + HO. 
sila vodi degradovan6mu polutantu. V pripade chloridov
moZu hydroxylov6 radikdly Cl- oxidovat a2nachlor cez

Polutant + hv -+ produkty fotodegraddcie Cl' radikdl, ktoryi moZe viest k chlordcii organickyich po-

HrOr+ hv _+ 2HO. 
lutantov zavzniku roznych chlorovanfch derivdtov, kto-
16 moZu byt toxickej5ie ako boli uichodiskov6 polutan-

Preto patrf FFR a jej modifikdcie k naj0cinnejSim ty (naprfklad degraddciou aromatickfch uhlbvodikov
AOTs degradacnyim syst6mom. T[to skutocnost a s0- vznikaju rozne chlorfenoly). V5eobecne oxidadnou deg-
6asn6 aplikacn6 moZnosti FFR su dalej ilustrovan6 vy- raddciou organickrich polutantov v prltomnosti chloridov
branfmi prrkladmijej praktick6ho pouZitia. vznikajf rozne organick6 halog6nderivdty.

Najcastej5fm pripadom pouZitia foto-Fentonovej reak-
cie je degraddcia prioritnVch polutantov vody, algim je
naprfklad 4-chlorfenol ( -CF). V pr6ci l2Tlautori porovnd-
vali 0dinnost klasickej FR s FFR. V5etky experimenty sa
uskutodnilipri pH = 3,5, s nadbytkom H2O, a katalytickfm
mnoZstuom Leleza. Typicka koncentrdcia 4-CF bola 10
mmol.l-l , Hroz3O mmol.l-1 a Fe2* 0,005 mmol.l-1. Ako
zdroj Ziarenia bola pouZitd strednotlakovd ortutovd r{-
bojka (320-400 nm). Z vfsledkov prdce vyplyva, 2e
FFR viedla k podstatne nichlej5ej degraddcii 4-CF v po-
rovnanis FR. Trito nichlost vo r4iznamnej miere ovplyv-
frovala pouZitd koncentrdcia Fe2*, kedy zr4i5enie z 0,005
mmol.l-1 na 0,3 mmol.l-1 viedlo k rniznamn6mu zrni5eniu
degraddcie vjchodiskov6ho 4-CF, ale aj vznikajfcich in-
termedidtov, nakolko produkcia HO' radikdlov bola aZ
o 2 poriadky vySSia . Z porovnania so syst6m om H2O2J
UV vyplynulo, Ze katalyza Fe2*1Fe3* je rozhodujuca pre
vySSiu produkciu HO' radikdlov.

Podobne aj v prdci [28] bol 4-CF degradovanf FFR
a syst6mom H2O2|UV. V prdci bolo zisten6, Ze FFR
v porovnanis H2O2|UV syst6mom vykazovala 5-9 krdt
vySSiu oxidadnf nichlost. Ako optimdlne podmienky pre
syst6m H.O/Fe?./UV boli niijden6 pH = 3, koncentrd-
cia H2O2 0,03 mol.l-1 a Fe2* 0,001 mol.l-1. Pre syst6m
H2O2|Fe3./UV bola optimdlna koncentrdcia H2O2 0,01
mol.l-1 a Fe3* 0,004 mol.l-1. Maximdlna produkcia Cl-
anionov ako produktu degraddcie bola dosiahnutd
v prfpade FFR uZ v priebehu niekolklich minft. Pri po-
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V prdci [30] bola zistend vlznamnd 0loha komplexd-
cie Fe3* s karboxyloqimi kyselinami, ktor6 pri degraddcii
organiclqich polutantov FFR predstavuju daste interme-
diaty. V pripade 2,4-D bola identifikovand ako jeden
z takfchto intermedidtov kyselina Stavelbvd. Minerali-
zilcia organicklich polutantov je spojend s dekarboxy-
la6nfmi reakciami. Bolo zisten6, 2e dekarboxylacn6
reakcie s[ spojen6 s jednoelektronovou redukciou kom-
plexovan6ho Fe3* na Fe2* takto:

(RCOO Fe)'* + hv -+ Fez* + CO, + P'

Z porovnania reakcii uskutocnenfch v dusikovej at-
mosf6re a v prftomnosti kyslika jasne vyplynula vdc5ia
degradacna ryichlost v pritomnosti kyslika. To znova po-
tvrdilo radikiiloui priebeh degraddcie 2,4-D a niznam-
nf prispevok 02 (vzdu5n6ho alebo dist6ho) k procesu
degraddcie. Tu je potrebn6 si uvedomit d6leZitos{ pre-
bubldvania distenejvody vzduchom pri praktickom cis-
teni pomocou FR a FFR a samozrejme aj vplyv teploty
(s vySSou teplotou sfce rastie nichlost reakcie, ale kle-
sd rozpustnost kyslika).

V d'alSej prdci pouZil Pignatello a Sun [31] FFR na
degraddciu herbicldu metolachloru a insekticidu metyl
parathionu. lch 0silie vyfstilo k pouZitiu zatial'najlep5ej
modifikdcie FFR komplexdcie Fe3* s kyselinou Stave-
lbvou (ferrioxaldtovf oxidadnf syst6m) [32]. Tdto prd-
ca spolu s patentom [33] predstavuj0 doleZitri medznik
nielen pri pouZitl FFR, ale aj v rdmci AOTs systdmov
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vObec. UZ uisledky prdce [32ljasne dokumentujt moZ-
nosti, ktor6 poslq4uje oxidadnli syst6m HrO/terrioxaldV
UV. V tomto syst6me okrem FFR prebiehaju aj reakcie
spojen6 s jednoelektrononim prenosom (vznik radikd-
for4ich ani6nov CrOi- a COil, ktor6 uiznamne roz5i-
ruju degrada6n6 schopnosti reakcie. Tak naprfklad tfm-
to syst6mom autori  [32] degradovali  aj
perhalog6novan6 uhlbvodiky CClo a Cl3CCCl3 o ktoni-
ch je zndme, 2e nereagujri s HO' radikdlmi. Princip
reakcie ukdZeme na pripade degraddcie CClo. Prifoto-
redukcii Stavel'anu Zelezit6ho vznikd Fe2* ako produkt
fotoredukcie a radikdlov6 aniony CrOi'resp. CO;-
. Tieto radikdly su schopn6 prend5at elektron d'alej.
Naprfklad CCl4, ako silnf elektronoui akcept6r, sa tak-
to redukuje na nestabilnf radik6lo4i anion CCI;-, ktory
sa rozkladd takto:

CCO;- + CCI+ -+ CO2 + CCli-
CCI;- -+ Cl3C' + Cl-

Vzniknu\i radikdl ClsC' potom reaguje s kyslfkom oxi-
da6nou reakciou alebo reakciou dimerizadnou:

C l3C '1Oz+C|3COO'
2 Cl3C' -+ Cl3CCCl3

Radikal CI.COO' reaguje d'alej za vzniku C|.C-O' ra-
dikdf u, ktory sa stabilizuje po odStiepeniCl' radik6lu za
vzniku fosg6nu (C|2C=O). Fosg6n sa hydrolyzuje a vzni-
kd kyselina mrav6ia a HCl. Hexachloretdn, ako perha-
log6novanyi uhlbvodfk, reaguje tfm istfm mechaniz-
mom s COi- zavzniku Cl3CCCl; radikdlu, ktory sa d'alej
rozkladd na tetrachloretyl6n :

CI3CCCU -+ Cl2C=CCl, + 6;'

Tetrachloretyl6n uZ ale reaguje s HO' radikdlom pro-
dukovanfm FFR a je tak degradovanf d'alej. V praci

[32] bolo dokdzan6, 2e COi- a nie CrOi- p6sobi ako
jednoelektronov6 redukdn6 6inidlo, dokonca aj vo FLR
s H2Or:

CO;- + HzOz-+ CO2 + HO' + HO-

T6to reakcia prebieha s ryichlostnou kon5tantou k =
7 ,3 x 10s l .mol-t .s- '  1341.

FFR bola pouZitd vo velkom pocte dal5ich reakciipri
degraddcii 2-merkaptobenztiazolu [35], pesticfdov [36],
pentachlorfenolu [37,38] a mnohfch in;ich prioritn;ich
polutantov hydrosf6ry.V posledne menovanej praci [38]
autori zistili, 2e aJ komplexdcia Fe3* s humfnornimi ky-
selinami (HK) md podobnf efekt na priebeh FFR ako ky-
selina Stavelbvd. Pri porovnani syst6mov HrO SFe3* 1UY
aH2OrlFes./Ht(UV zistili, 2e zaindd rovnalqich podmie-
nok sa prwm syst6mom degradovalo 40 % pentachlor-
fenolu, zatial'do druhfm syst6mom viac ako 90 %. Na-
vy5e prvym syst6mom bol produkovanf ako vedl'ajSi
derivdt vysoko toxickyi oktachlordibenzo-p-dioxfn, do
v pripade druh6ho syst6mu pozorovan6 nebolo. Syst6m
HrO2lterrioxal6VUV bol pouZiti na distenie redlnych od-
pado4ich vdd [39], na degraddciu kyseliny dichlorocto-
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vej a 2,4-dichlorfenolu za pouZitia slne6n6ho Ziarenia
[40] a na cistenie priesako4ich vod zo sklddok odpadu
[41]. V prdci [41]autori potvrdili r4Tznamnu 0lohu, kton-r
v tfchto syst6moch zohrdva kyslik. Navy5e pouZitie
vzduchu alebo kyslfka vliznamne zniluje spotrebu HzOz
a tym aj ndklady na distenie. Optimdlne podmienky deg-
raddcie boli dosiahnut6 pri koncentrdcii Fe2* = 1 x 10+
mol.Fl, pH = 3 a molovom pomere CHSK : H2O2= 1 : 1.
Pri objemovom zalaleni 0,6 kg.m{.h-1 bola CHSK od-
strdnend za uvedenlich podmienok na70 %.

V pr6ci [39] boli disten6 FFR a jej roznymi modifika-
dami redlne odpadov6 vody rozdielneho zloZenia.Zno-
va sa ferrioxaldtovyi syst6m ukAzal ako 2-7 krAt 0cin-
nej5i v porovnani so syst6mami H'OIUV a HrOrJFez* |
UV-vis. Prfklad 1 predstavuje prev6dzkov0 znedistenf
vodu s vyichodiskovou alkalitou - 400 mg.l-t, CHSK =
150 mg.l-l, s obsahom chloridov 570 mg.l-' a chlorben-
z6nu 150 mg.l- ' ,  ktord bola cistend pri  pH = 2,8 za
pouZitia koncentrdcii H2O2 300 mg.l-t, Fe'* 20 mg.l-1
a kyseliny Stavelbvej 276 mg.l-t. Ako zdrojZiarenia.bola
pouZitd strednotlakovd ortutovd vlibojka (1 kW). Ucin-
nost degrada6n6ho procesu autori [39] hodnotili na zdk-
lade energetickyich ndrokov (kwh) na zlep5enie diste-
nej vody o 1 poriadok. Z hodnotenfch syst6mov bol
ferrioxdlatoni syst6m podstatne 06innej5i pre degrad6-
ciu sledovan6ho polutantu chl6rbenz6nu. Podobne aj
v priklade 2 i5lo o vodu znecistenf benz6nom, toluenom
a xyl6nmi s CHSK = 1 000 mg.Fl, si lno absorbujucej
v UV a blizkej UV oblasti. Voda obsahovala aj velk6
mnoZstvo suspendovanyich latok. V tomto pripade bol
ferrioxaldtoni system jedinf pouZitelhf. Tretim prfkla-
dom je odpadovd voda obsahuj0ca 500 mg.l- l  1,4-
dioxdnu, mydlo a dal5ie polutanty s CHSK = 1 500 mg.l-
t .  lSlo o zakalenrj  bielo opal izujucu vodu. Aj v tomto
pripade pri cistenf na poZadovanu hodnotu koncentr6-
cie dioxdnu < 0,5 mg.l-t a TOC < 50 mg.l-' bol ferrio-
xaldtor4i syst6m 2krifi ucinnejSi ako uveden6 syst6my.
Z uvedenlch prikladov z prdce [39] presveddivo vyply-
va,2e syst6m H2O/Fe3"/KS/UV-vis patri skutodne k na-
j 0ci nnej5fm fotodeg radacnlim syst6mom.

Vyiznamnou apl ikdciou FFR je vyuZit ie slnedn6ho
Ziarenia (SZ) ako zdrojaZiarivej energie. Prikladom toh-
to typu je prdca [421,v ktorejautori vyuZili syst6m HrOrl
Fe3./UV-vis (S2) na distenie zne6istenej studnicneivo-
dy. lde o typ nizkeho koncentracn6ho znedistenia per-
zistentnfmi polutantmi ako s0 napr(klad r6zne alifatic-
k6 a aromatick6 halog6nderivdty (tr ichloretyl6n,
tet rachlorety l6n,  1,2-d ich loretdn,  1,1,1 - t r ich loretdn,
1,1,2- t r ich loretdn,  te t rachlormetdn,  t r ich lorbenz6n) ,
rdzne typy herbicidov a niekolko skupin priemyselnyich
organicklich zlfcenln. Po pouZiti degradacn6ho syst6-
muH2O2JFe3*/UV-vis (SZ) bola po 3,5 h expozlcii v665i-
na polutantov degradovand na nislednu koncentrdciu
men5iu ako 0,1 ppb. V tomto pripade bola pouZita W-
chodiskovd koncentrdcia Fe2* 0,3 mmol.l-1 a HrOr 0,1
mol.l-1. Ako taZko degradovatel'ne sa ukdzali vySSie
mastn6 kyseliny, ich derivdty a estery kyseliny ftalovej.
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Tak napriklad trichloretyl6n (CHCI:CCI2) s co = 1 900
ppb bol po 3,5 h degradovanf na c = 160 ppb, po 15
h na c = 4 ppb a po 75 h oZarovania slnednyim Ziarenim
bola jeho uislednd koncentrdcia 1 ppb. Podobne kon-
centrdcia tetrachloretyl6nu (Cl2C=CClr) s co = 2 400 ppb
sa po 3,5 h znftila na 160 ppb, po 15 h na 4 ppb a po
75 h na 1 ppb. ZtriazinoWch herbicfdov i5lo najmd o at-
razin, ktor6ho koncentrdcia co = 43 ppb sa znfZila po-
uZitim uveden6ho fotodegrada6n6ho syst6mu na 8,5
ppb po 3,5 h oZarovania, 4 ppb po 15 h oZarovania a 0
ppb po 75h olarovania.

Z vySSie uvedenfch prikladov jasne vyplwa, 2e ana-
logick6 syst6my r4iznamne prispievaju aj pri samo6is-
tiacich procesoch v prlrodnlich voddch.

3. Modif ikovan6 Fentonova reakcia

Oxidacn6 reakcie podobn6 Fentonovej reakcii (FLR)
moZeme pribliZne rozdelit na 3 skupiny. V pruej skupi-
ne reaguje peroxid vodfka FLR reakciou s infmi kation-
mi neZ je Fe2* (napr. Cu*, Ti3) resp. s infmidonormielek-
trona, napriklad s O;- (Haberova Weissova reakcia):

Oi- * HzOr-+ Oz+ HO' + HO-

Do druhej skupiny moZeme zaradit inti,,peroxidf'neZ
je H2O2 (ROOH, HOCI, ONOOH), ktor6 reaguj0 FLR
reakciou za vzniku HO' radikdlu:

ROOH + Fe2* -+ Fe3* + RO' + HO-

Do tretej skupiny, ktord predstavuje vfznamn0 dast
fentonovskej ch6mie, potom patrf reakcie analogick6
FR, pri ktoryich je generovanf hydroxylovf radikdl. Ta-
kouto reakciou je napriklad reakciaO;- s kyselinou ch-
lornou, ktord patrik uiznamnfm biologickfm reakcidm:

Oi- * HOCI -+ Oz + HO' + Cl-

K ddleZihim FLR reakcidm patrireakcia Fe2* s kyse-
linou chl6rnou, ktord predstavuje v biologickfch syst6-
moch jednu zo zlkladnfch obrannfch reakcii:

Fe2* + Hocl -+ Fe3* + Ho' + cl-

Bolo zistene,2e Fez* viazan6 do komplexu, reaguje
s HOCI aZ o 3 poriadky nichlej5ie ako s HrOr[a3]. Uve-
den6 skutocnosti n6s priviedli k praktick6mu odsk05a-
niu syst6mov Fe 2./HOCI a Fe2*THOCllHz}2pri disteni
farebnfch vdd [8]. Napriek skutodnosti, Ze syst6m CIO-
/HOCI s HrO, produkuje singletovf kyslfk (tOr) ako sil-
n6 oxidacn6 cinidlo, laboratorne experimenty ukAzali,2e
najlepSie degradacn6 ucinky je moZn6 dosiahnut len za
pouZitia katalytick6ho mnoZswa Fe2* soli[8].

Dal5im potencidlnym FLR syst6mom je syst6m HrOzl
ONOOH/FI'*, ktory v porovnaniso syst6mom klasickej
FR vykazoval lep5ie degradacn6 0cinky. Vzhladom k ri-
ziku vzniku nitroaromatickfch zlfcenfn je 4ihodn6 ten-
to syst6m pouZit na degradaciu roznych alkdnov resp.
cykloalkdnov (napr. cyklohexanon).
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V s0dasnosti k najviac Studovanfm FLR syst6mom
patri syst6m Cu*/H zOzd prakticky v5etky FLR reakcie,
v ktonich je Fe2* nahraden6 Cu*.

4. Z6ver

Z uvedenyich prikladov pouZitia Fentonovej reakcie,
foto-Fentonovej reakcie a FLR reakcifjasne vyplliva,2e
tieto systemy maj0 znadn6 praktick6 moZnosti vyuZitia
pri cistenf odpadovjch vod a to predov5etlqim tahich ty-
pov, ktor6 sa klasicloimi biologiclqimi metodami diste-
nia nedaju cistit. lde najmd o farebn6 odpadov6 vody
z textiln6ho priemyslu, d'alej o vody zne6isten6 rozny-
mi povrchovo akt[vnymi ldtkami, ale tieZ o vody vodd-
rensk6, zne6isten6 nfzkymi koncentrdciami vysoko to-
xickfch polutantov (chl6rovan6 uhlbvodiky, pesticidy).
Pri praktickej aplikacii FR je potrebn6 sivZdy uvedomit,
o aky typ znecistenia ide, akd je jeho koncentrdcia resp.
ak6 srl vstupn6 parametre cistenejvody (CHSK, BSKS,
TOC pripadne in6 ) a samozrejme, ak6 sri poZiadavky
na findlne parametre vydistenej vody. Podl'a toho je po-
tom potrebn6 zvolit nielen pouZitri met6du 6istenia, ale
aj dostatocn6 koncentrdcie potrebnfch chemikdl i [ ,
vhodne volit pome r H2O2lFe2* resp. H2O2/CHSK atd'. Je
ddleZite zdoraznil.. 2e uveden6 metody nie s0 univerzdl-
ne, a Ze optimdlne mnoZstvd chemikelif, redlny cas cis-
tenia, pripadne pouZitie pred0pravy pred vlastnou Fen-
tonovou reakciou sa musipre kaZdf typ odpadovejvody
overit a stanovit pomocou laborat6rnych experimentov.
Len takto zfskan6 parametre vedf k rispe5n6mu 6iste-
niu aj v prevddzkovou merftku. Tdto skutodnost sa ndm
potvrdi la pri  6istenf Samponovfch odpadovfch vod
a odpadoWch vdd z uiroby telovjch mliek v zdvode de
Micl6n (Levice), nakolko findlne parametre po chemic-
kom stupni distenia na COV, ktory na distenie vyuZlva
Fentonovu reakciu, boli e5te lep5ie ako vfsledky ziska-
n6 v laboratornych podmienkach t441. Z uvedenfch
prfkladov ako aj z naSich sk0senosti vyplliva, Ze Fen-
tonova reakcia patrf k naj0dinnej5fm AOTs cistiacim
postupom a pritom je ekonomicky najmenej ndrodnd.
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ADHE ztA poLyESTERovVcn KoRDovVcH TKAI titt PRE
APLrKAcru v AuTopm5iocn

fanypka, P., Reksovd, V.

VUG, Matador, a.s., Ptichov

This paper presented results of the effect of the temperature on the adhesion of the texti le
reinforcing cords, the methods of the evaluation of the adhesion properties of the polyester rein-
forcing materials and also new surface treatment of the texti le reinforcing materials by low tem-
perature nitrogen plasma at atmospheric pressure.

1 .  UVOD

V technologickej koncepcii modernej pneumatikdrskej
qiroby maj[ 4iznamnf 0lohu technick6 vldkna a tkani-
ny, ktor6 plnia funkciu 4istuZnfch materidlov pre kost-
ru a pdtku pld5ta.

VlistuZn6 materi6ly rozhodujticim sposobom ovplyv-
nujri funkcn6 vlastnosti pneumatiky, predov5etlcfm bez-
pednost a pohodlnost jazdy a taktieZ vyrazne vpllvajI
na Zivotnost pneumatiky v exploatdcii.

V s06asnosti sa v gumdrenskom priemysle vyuZfva-
jrj vlistuZn6 materidly na b{ze

- polyamidonich
- polyestero4ich
- visk6zoWch
- a aramidovfch kordovfch tkanin.
Vfkonnost pneumatiky ako heterog6nneho syst6mu

zdvisldo znadnej miery od sridrZnostijednotliuich casti
pla5ta pneumatiky. Vfznamnf podiel v tomto smere
zohrlva adh6zia kord-gumovd zmes v jednotl ivfch
vloZkdch kostry a ndraznfka.

Na adh6ziu r4irazne vpllva teplo vyvinut6 pri pohybe
vozidla, ktor6 je funkciou podmienok za ktonich pneu-
matika pracuje a vedie k vzrastu teploty pneumatiky.
Teplo v pneumatike vznikd predovSetkym cyklickou de-
formdciou viskoelastickiich komponentov steny a pris-
pieva k rastu teploty materidlu. K najvdd5iemu nivinu
tepla dochddza predov5etkfm v troch hlavnfch kritic-
kfch zonach autopl65ta, pdtkovej 6asti, v oblasti ukon-
6enia kostrovej vloZky a na okrajoch ndraznikov (osob-
n6 radidlne pla5te). Teplota pneumatiky ovplyvnuje jej
prevddzkov6 charakteristiky, odolnost vodi oderu a tak-
tieZ celkovri Zivotnost.

Z tohto hl'adiska je velmi doleZite sledovat vplw teplo-
ty pneumatiky na adh6zne vlastnosti textilnyich tnistuZ-
nfch materidlov r4yuZfvanyich v gumdrenskom priemysle.

Problematike tfkajficej sa vplyvu teploty na adh6ziu
polyesterornich kordornich tkan in, nds I ed ne met6dam
hodnotenia adh6znfch vlastnostl polyesterouich uis-
tuZnfch materidlov a taktieZ novej povrchovej uprave
texti I n;ich rnistuZ nf ch m ateri dlov n izkoteplotno u d us [ko-
vou plazmou pri atmosferickom tlaku je venovanf pred-
loZen;i prispevok.
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2. TEORETICKA CAST

Pod pojmom adh6zia moleme vSeobecne rozumiet
spojenie vznikaj0ce medzi dvoma rOznorodlimi mate-
ridlmi. Ak sa v5ak na adh6ziu pozerdme z chemick6ho
hlhdiska ako na vfsledok vzdjomn6ho posobenia adhe-
z(va a substrdtu, je nutn6 vychddzat z predpokladu, Ze
pre vytvorenie pevnej vdzby musia obidva dotlkajfce
sa materidly obsahovat funkcn6 skupiny schopn6 spo-
luposobenia.

Priama adhfziagumy k vd65ine textilnfch uistuZnfch
materidlov je v podstate slabd. Je to dOsledok rozdiel-
nych vlastnostf jednotliuich zloZiek. KVm tkaniny majI
relatfvne velk0 pevnost a nizku taZnost, guma md na-
opak relativne nizku pevnost a vysok0 taZnost. Aby sa
el i m inoval probl6m separdcie jednotl ivjch zloZiek pouZi-
va sa v praxi adhezivny syst6m, ktoni posobiako poji-
vo medzi kordom a gumou.

V sudasnosti sa na zvj5enie adh6zie textilnfch vris-
tuZnyich materidlov ku gumdrenskej zmesi poulivall 2
sposoby 0pravy kordov:

1. lmpregnadn6 syst6my. Pri ich aplikacii sa na po-
vrch textilnfch materidlov v urcitfch fdzach vfroby na-
n65a adh6zna vrstva, ktord zlep5uje adh6ziu ku gume
a sudasne spiRa uveden6 poZiadavky:

- nichla tvorba adhezivnej formy
- velkd odolnost vodi opakovan6mu namdhaniu
- adaptabilita k rOznym typom kaucukovlich zmesl
- tepelnd odolnost
- nedegradadn6 posobenie na vldkno a jeho vlast-

nosti
- vodn6 prostredie
lmpregnacn6 k0pele s[ najcastej5ie vodn6 roztoky re-

zorci nol-formaldehydovej (R F) Zivice, styr6n-butadieno-
v6ho kauduku (SBR) a vinylpyridfnov6ho latexu (RFL).

2. Bezimpregnadn6 syst6my. Pri tomto sposobe sa
na vfstuZnyi materidl nenand5a Ziadna adh6zna vrstva
v procese jeho vfroby a 0pravy, ale tdto sa vylvdra a2
po vulkanizAcii pomocou Specidlnych prlsad priddvanyi-
ch do kaucukovjch zmesf. Sti to latky fenolov6ho typu
obsahuj0ce aldehydov6 skupiny (napr. rezorcin).

V rdmci doktorandsk6ho St0dia na Chemickotechno-
logickej fakulte STU v Bratislave sa zaoberdme u.ivo-
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jom novej povrchovej upravy textilnfch uj'stuZnSich ma-
teridlov nfzkoteplotnou plazmou pri atmosferickom tla-
ku v dusikovej atmosf6re. Podstatou povrchovej 0pra-
vy je zlepSenie adh6zie vfstuZnyich materidlov ku
gumdrenskej zmesi bez irnpregndcie s RFL roztokom.

Doposial'zfskan6 a publikovan6 vfsledky hikaj0ce sa
zlepSenia adh6zie textilnyich vfstuZnyich materi6lov ku
g u m drenskej zmesi povrchovou u pravou n izkoteplotnou
duslkovou plazmou pri atmosferickom tlaku s0 srjr6as-
tou experimentdlnej casti predloZen6ho prispevku.

3. EXPERIMENTALNA CNSt

Pouiit6 suroviny a materi6ly

V r6mciexperimentdlnych prdc boli hodnoten6 adh6z-
ne vlastnosti komercnfch typov polyesterovlich kordov
pouZlvanfch pre kostrov6 vloZky osobnyich radialnych
pla5tov od dvoch rozdielnych doddvatelbv.

Polyesterov6 kordy boli pogumovan6 prevddzkovou
zmesou pozostdvajfcou zo zmesi prlrodn6ho, styr6n
butadi6nov6ho a polybutadi6nov6ho kaucuku.

Pouii t6 metodiky a postupy

Z aplikacn6ho hlhdiska sa hodnotil vplyv teploty na
adh6zne vlastnosti polyestero4ich kordov a taktieZ sta-
tick6, resp. dynamick| adh1zia textilnyich kordov v zA-
vislosti od sp6sobu povrchovej 0pravy.

Statickd adh6zia testovanyich kordov k prev6dzkovej
zmesi bola hodnotend v zmysle STN 62 1462 (H-test),
ktord zodpoveda ASTM D 2138-83. Podstata met6dy
spociva v stanovenf stidrZnosti medzi gumou a textil-
nfm kordom na zAklade merania sily potrebnej k vyt-
rhnutiu jednotlivej kordovej nite z gumov6ho bloku, pri-
dom sila posobf v smere pozdll kordovej nite.

Na stanovenie statickej s0drZnosti guma-kord sa
v praxi vyulivaaj met6da PEEL-testu, ekvivalentnd me-
todike firmy Continental 1 ,5 - T16, v s0lade s ASTM
D 895, ASTM D 4383, DIN 53530, DIN 53539, tSO 36.
Metoda sa pouZiva na stanovenie sfdrZnosti medzivul-

Obr. 1 Sch6ma plazmov6ho reaktora: 1 - anoda, 2 - kat6da, 3 -

opracov6vanf kord

SMER
P6SOBENIA
SILY

Obr.2 Standardnd sk05obn6 teliesko pre H-test

kanizdtom a tkaninou na zdklade merania sily potreb-
nej k oddeleniu jednotlinich vrstiev, spojenych vulkani-
zovanou kau6ukovou zmesou. Vulkanizovan6 sk05ob-
n6 tel ieska obsahujuce vrstvy kordov su vyseknut6
v smere kordovyich vldkien v tvare pdsikov definovanej
Sirky. Konce sku5obnfch teliesok, ktor6 su podas vul-
kanizovania separovan6 foliou s0 upevnen6 do svoriek
testovacieho zariadenia (obr. 4) a oddel'uj0 sa od seba.
Pritom sa stanovuje separadnd sila a pokrytie. Pokry-
t ie  je  urden6 pomerom medzi  obnaZenou tkaninou
a dastou pokrytou vulkanizdtom. Je to mnoZstvo vulka-

- pogumovan6 inistuZnd tkanina

- kaudukov6 zmes
- vzorka tkaniny
- kaudukovd zmes
- separadna f6lia
- kau6ukov6 zmes
- vzorka tkaniny
- kaucukov6 zmes

- pogumovanii uistuZn6 tkanina
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Obr. 3 Sch6ma ukladania jednotliuich vrstiev navz6jom

VlAkna a textil I (3\ 225-231 (2001)



Obr. 4 Uchopenie sk05obnyich teliesok do delustf testovacieho za-
r iadenia

nizdtu (v plo5nom vyjadreni) zost6vajuce na povrchu W-
stuZn6ho materi6lu po oddelenI vrstiev.

S[drZnost gumy s kordom po dynamickej deformdcii
bola vyhodnoten6 metodou HENLEY normovanfm pos-
tupom v zmysle STN 62 1464, ktord je zalo2en6 na sta-
novenlsfdrZnostimedzi gumou a kordom a stanoveni
ubytku s0drZnosti po opakovanej deformdcii tlakovou
a ohybovou silou. Sk05obne teleso so zalisovanfm kor-
dom je najprv namdhan6 v jeho strednej 6asti dynamic-
ky tlakovou a ohybovou silou v pristroji Henley. Potom
sa stanovuje sfdrZnost kordu v jeho strednej (deformo-
vanej) a v okrajoWch (nedeformovanfch) castiach skti-
Sobn6ho telesa.

Povrchov6 zmeny morfologie uistuZnfch kordoWch
niti, ku ktoryim dochddzalo v dosledku posobenia nfzko-
teplotnej plazmy sa sledovali elektr6no4im rastrovacfm

Obr. 5 Sku5obnf prfstroj Henley; 1 - zmes, Z-kord,3 - 6elUste, 4 -

nastavenie deformdcie, 5 - pevnd kovadlina, 6 - pohybliva
kovadlina
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mikroskopom. Vzorky boli naprd5en6 zmesou platiny
a zlatav pristroji BAIZERS/SCD 050 Sputter Coater.

Vyhodnotenie Strukt0ry povrchu sa realizovalo na
mikroskope TESI.A BS 300 s digitdlnou jednotkou TES-
CAN umoZnujfcou pocitacov6 spracovanie snfmkov
softv6rom WINTIP pri napdti 15 kV. Rozsah zvdcSenl
sa pohyboval od 50 do 5000 ndsobku.

4. VYSLEDKY

Adh6zia dvoch Vpov polyesterouich kordov A a B od
rozdielnych doddvatelbv ku ndnosovej zmesi bola hod-
noten6 pri nasledujucich lisovaclch teplotdch:

1 .  1 6 0 " C
2.  170 'C

3.  180 'C

4.  190 'C

5.  200'c
pridom ticelom experimentdlnych meranibolo zistit op-
timdlnu teplotu vulkanizdcie, pri ktorej adh6zia vulkani-
zdtu-ndnosovejvrstuy ku PES kordom dosahuje najvyS-
Sie hodnoty.

1. Stanovenie stat ickej sudrinosti  s text i lnfm
kordom H-test

Podmienky: 
1",fl"",$??,7

Podet teliesok na jedno meranie: 9

Tab. 1 Hodnoty statickej adh6zie H-test

Teplota

fc) A
Adhezia (N)

B

149 ,1
139 ,7
153 ,7

1 5 5 , 6
153 ,9
126,2

1 6 0
170
1 8 0
1 9 0
200

138 ,8
129 ,6

137,1
132,2

Sridrinost met6dou Hen ley

Podmienky' 
:"#iE;il:
velkost deformdcie 45%

Pocet teliesok pre jedno testovanie: 6
V rdmci experimentdlnych meranfsa hodnotil aj vplyv

novej povrchovej adh6znej fpravy nizkoteplotnou dusf-

Tab.2 Hodnoty adh6zie Henley pre kordy A a B

Teplota Statick6 adhezia (N) Dynamickd adhezia (N)

f c ) A B A B

160
170
180
1 9 0
200

203,8
190,0
188,7
174,0
158,2

248,5
285,3
303,8
321,5
286,3

201,0
188,2
183,3
1 8 1  , g
1 6 1  , 3

243,8
282,8
305,3
329,8
314,8
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Porovnanie sridrfrosti H-test nre kordv A a B

170"C 1800c 1900c

Teplotr

Graf 1 Porovnanie sridrZnosti H-test pre kordy A a B

kovou plazmou pri atmosferickom tlaku na hodnoty ad-
h6zie textiln6ho kordu ku gumdrenskej zmesi.

Vfsledky hodnotenia stat ickej a dynamickej s0d-
rZnosti polyesterov6ho kordu s gum6rensksou zmesou
stanoven6 H-testom, resp. HENLEY testom su suma-
rizovan6 v tabulke c. 3 spolu s hodnotami strednej
kvadratickej chyby priemeru s*.

Tab. 3 VplW spdsobu povrchovej 0pravy polyesterovfch kordov

Do suboru meraniboli v pripade chemicky neuprave-
n6ho kordu zaradene tieZ kordy po oplachu acetonom,
ktorfm sa sledovalo odstrdnenie lubrikadnfch, resp.
predadhezfvnych fprav z povrchu kordornich nitiapliko-
vanyich 4irobcom kordovlich niti.

Hodnoty adh6zie ziskan6 v statickfch podmienkach
dokazuju, Ze fcinkom plazmy dochddza k podstatn6mu

na stat ick0 a dynamick0 adh6ziu ku gume

Specifik6cia
Kordu

Sp6sob
povrchovej

0pravy
Oplach Posobenie

acetonom plazmy

Statickd S0drZnost metodou Relativny
s0drZnost [N] HENLEY 0bytok

H-test STN 62 1464 s0dr2nosti
STN 62 1462 stat ick6 dynamickA 1%l

IN] IN]
Neupravenf Kord
Neupravenyi Kord
Neupravenf Kord
Neupravenf Kord
Kord upravenyT
RFL syst6mom

+

+

T

+

26,4t1,3
50 ,2 t1 ,5
25,2+0,7
48,5+1,2
61 ,3 t3 ,2

52,8+3,1
78,3x2,4
52,2+3,8
88,5+3,7

156 ,0+15 ,4

7,3+1 ,2
63 ,7 t1 ,6
7,0+0,7

83,5+3,5
145,0+9,6

88 ,1
18,7
86,6
5,7
7 ,1

Q rso
:
N.{')
e

X roo

Vdwtedoty na sridrinmf Henley (,A)

1700c 180"C
Teflota

190"c

-# Staticki a&6zia (N)

-{- Dynenick{ adh6zia (N)
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Graf 2 VplW teploty na s0drZnost Henley pre kord A
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1600c

A. Kord bez povrchovfch f prav:

Vplw teplotv na sridrinosf Henlev (B)

l7ooc l8ooc 
Teprote 

l9ooc

Graf 3 Vplyv teploty na s0drZnost Henley pre kord B

350

300

250

Qzoo
d

N
I
E

X rso

100

50

0

B. Povrchov6 fprava nizkoteplotnou dusikovou plazmou pri atmosferickom tlaku:

Obr. 6 Morfol6gia povrchu textilnyich kordov v z6vislosti od povrchovej 0pravy
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A Chemick6 povrchov6 riprava RFL syst6mom

B Povrchov6 ipravba nizkoteplotnou dusikovou plazmou

Obr. 7 Povrch polyesterov6ho kordu:

ndrastu sfdrZnosti s gumou. Duslkovou plazmou upra-
veny kord dosahuje statickri sfdrZnost hodnotenu H-
testom minimdlne na urovni 80% sfdrZnosti kordovlich
niti upravenfch RFL syst6mom.

Z porovnania adh6zie hodnotenej HENLEY testom
povrchovo neupraven6ho kordu a toho ist6ho kordu po
aplikacii duskovej plazmy je zrejm6, 2e statickd adhe-
ziavzrastie na 150 %.

V prfpade dynamickej adh6zie, ktord je z hl'adiska
praktickej aplikdcie kordov v kon5trukcii pla5tov vyz-
namnej5ia, je v5ak ndrast adh6zie kordu ku gume aZ
desatndsobnf. Tento rozdielje moZn6 zd6vodnit nielen
chemicklimi zmenami na povrchu vldkien, ale aj zme-
nou morfologie povrchu vldkien ako je vidiet na obr. 6.

V porovnani s polyesterovfm kordom povrchovo
upravenyim RFL adh6znym syst6mom sa pri aplikdcii
dusikovej plazmy dosiahne 50%-nA frovei dynamickej
adh6zie, no rovnomernost povrchovej upravy je omnoho
lep5ia (obr.7b) o com svedciaj podstatne niZSia hodno-
ta Standardnej odchflky merania (8,5 versus 25,4).
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Obr.7 n6m ddva redlnu predstavu o rovnomernosti
pokrytia povrchu vfstuZnfch materidlov v zdvislosti od
typu pouZitej povrchovej upravy.

5. ZAVER

Vyh od notenim vlisled kov uskutocnenyich experi men -
tdlnych meranigikajucich sa sledovania vplyvu teploty
na adh6ziu polyestero4ich textilnfch kordov m6Zeme
kon5tatoval,2e testovan6 kordy od dvoch rozdielnych
doddvatelbv vykazujri odli5n6 teplotn6 optimd. Tieto
rozdiely sa daj[ vysvetl i t  zloZenlm impregnacn6ho
roztoku a sposobom a podmienkami samotnej impregnd-
cie, ktord je Specifickd pre jednotliuich 4irobcov textilnyich
kordov. TaktieZ su nezanedbatelhe aj vlastnosti zdklad-
n6ho vl6kna, z ktor6ho sa kordovd tkanina vyrdba.

V rdmci meraniboli zisten6 rozdiely v hodnotdch ad-
h6zie stanoven6 H-testom a Henley testom, do m6
opodstatnenie, pretoZe v pripade H-testu sa stanovuj0
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hodnoty statickej adh6zie a v pripade Henley testu sa
stanovujri hodnoty dynamickej adh6zie, ktor6 z hl'adis-
ka dynamick6ho namdhania pla5tav redlnych podmien-
kach md lep5iu uipovednti hodnotu.

Vfsledky experiment6lnych merani tfkaj0cich sa
povrchovej 0pravy vfstuZnyich materidlov nfzkoteplot-
nou duslkovou plazmou pri atmosferickom tlaku pot-
vrdzujri, Ze predstavuje vhodnf, technologicky apliko-
vatel 'nf syst6m zvf5enia adh6zie polyesterovfch
r4istuZnyich materidlov ku gumdrenskej zmesi. Optima-
lizdcia podmienok a uikonu generdtora plazmy umoZ-
riuje dosiahn0t aZ 10-ndsobn6 z4i5enie dynamickej ad-
h6zie ku gume v porovnanis neupravenfm kordom.

Aplikaciou plazmy na povrch vfstuZnfch materidlov
nedochdd za ku zmendm mechanickfch vlastnostf, pri-
com sa zachovAva p6vodn6 velkost povrchu prfstupn6-
ho pre gum6rensk0 zmes. TaktieZ sa zlep5uje zm6da-
telhost povrchu kordo4ich nitf, do priaznivo ovplyvnuje
rovnomernost pokrytia povrchu kordu gumdrenskou
zmesou.
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z vEDEcKovVsrunaruYcH A vYvo.rovYcH pRAcovisr

Vfsledky posudzovania zhody ostatnych urdenfch
vlirobkov vo VUTCH-CHEMITEX spol. s r. o., Zilina,

Autorizovan6 osoba SKTC-I 19 za 1. polrok 2001

Evaluation of results of conformity assesment regarding
other specified products in VUTCH-CHEMITEX Ltd. Zilina,

Authorized Body SKTC-I19 for the t half-year 2001

Herchlovd, l .

VUTCH CHEMTTEX spo/. s r. o.,Zilina, Autorizovand osoba SKIC 119

Vyisledky posudzovania zhody ostatnyich urcenfch Vyirobcovia v rdmci SR s0 zastfpeni na trhoch SR
vfrobkov vo VUTCH CHEMITEX spol. s r. o., Zilina textilnfmi aodevnfmi vfrobkami 15,5 % z celkov6ho
uvddzame v nasleduj0com tabulkovom prehl'ade: poctu vydanfch certifikdtov.

Tuzemsko Dovoz

zaevidovanfch Ziadosti 1  1 8 3

vydanlich certifikdtov
- z toho neurden6 uirobky

8 1 5
7

1 5 0
1 1

965
1 B

vydanfch potvrdeni o zhode 1 5 01 5 6

vydan6 odmietnutia potvrdit zhodu
- z toho vydan6 odmietnutia powrdit zhodu na uirobky modulu a
- z toho vydan6 odmietnutia poWrdit zhodu na vfrobky modulu c

1 6
5

1 1

1 6
5

1 1

V hodnotenom obdobi AO SKTC 1 19 zaevidovala
1 183 Ziadostf na vykonanie skusok vlastnosti typu ui-
robku, na posudenie zhody vzorky typu rnirobku a vy-
danie certifikdtu typu vfrobku.

Z celkov6ho poctu vydanyTch certifikdtov zal. polrok
2001 predstavovalo v podte vydanfch certifikdtov tu-
zemsko 15,5 % a dovoz 84,4 %.

lmport textilnlich a odevnfch vfrobkov na trh SR
z Azie predstavuje 18,8 o/o zcdkov6ho poctu vydanfch
certifikdtov za hodnoten6 obdobie. Natomto objeme do-
vozu vjrobkov azijskeho p6vodu sa podiel'ajf tieto kra-
jiny (Cina 47,2 o/o, Thajsko 25,8 o/o, Banglad65 9,3 %,
Pakistan a lndia spolu 16,4 %, Indondzia a Vietnam
spolu 1,0 %).

Pocet vydanfch cert i f ikdtov na dovoz text i lnfch
a odevnfch vfrobkov z Eur6py na tuzemskyi trh pred-
stavuje celkom 67,0 % z celkov6ho podtu vydanfch
certifikdtov.

Na dovoze uirobkov z Europy do SR sa podiel'ajf naj-
mdtieto Stety (Ceskd republika 35,7 o/o, Nemecko 14,9
%, Polsko 5,7 o/o,Taliansko 3,7 o/o, Mad'arsko 3,5 %,
Francfzsko 3,4 %, Svridsko 2,6 % a ostatne).
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Podieltextilnlch a odevnyich nirobkov p6vodom z Tu-
recka na trh SR predstavuje 11,5 % z celkov6ho poctu
vydanfch certifikdtov.

V podte vydanyich potvrdenio zhode najviid5f podiel
zastupujri textiln6 podlahove krytiny celkom 55,1 o/o,W-

robky spotrebnej ch6mie srj zast0pen6 41,0 o/o a Sijacie
nite predstavuj0 3,8 %.

Vydane poturdenia o zhode na textiln6 podlahove kry-
tiny boli s najvdc5im poctom p6vodom z Belgicka, Ra-
k0ska, Holandska, rnir-obky spotrebnejch6mie z Ceskej
republiky, Talianska, Spanielska a Sijacie nite z Ceskej
republiky, Belgicka a Mad'arska.

Z celkov6ho poctu vydanfch certifikdtov (965) bolo
vydanfch AO SKTC 1 19, 1 6 odmietnutf potvrdit zho-
du, do predstavu je 1,6 %.

K uveden6mu prehl'adu je potrebnd uviest, Ze v5et-
ky vydan6 odmietnutia potvrdit zhodu sa tfkajI impor-
tovanfch vfrobkov.

Vfrobky povodom z Azie sa podielaj0 81,8 % na ne-
kvalite textilnfch a odevnych 4irobkov.

Podiel nekvalitn6ho tovaru z Azijsklch krajin do SR je
zastupenf pdvodom z Indie a Pakistanu celkom 66,6 %,
Thaiwanu, Banglad65u a einy cetkom gg,3 % .
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Celkom 18,2% odmietnutlpotvrdit zhodu predstavujti Dojcensk6 a detske 4irobky do konfekcnej velkosti
textiln6 a odevn6 r4irobky dovezend z Europy (Nemec- 1 10 predstavujri 63,6 % z celkov6ho poctu vydanfch
ko, eesk6 republika). odmietnutipoturdit zhodu na textiln6 a odevne vfrobty.

Dovody odmietnutia poturdit zhodu na textiln6 a odev- Z celkov6ho poctu odmietnuti potvrdit zhodu na vy-
n6 vyirobky boli nasledovn6 : robky modulu a bolo celkom 60 % vydanfch na textil-

- nevyhovuj0ca stdlofarebnost (v 27,3 %\ n6 podlahov6 krytiny a 4Q oh nauirobky spotrebnej ch6-
- nadl imitnyi obsah formaldehydu (v 18,1 %) mie.
- nadlimitn6 hodnota pH vodndho vliluhu (v 9,0 %) DOvody odmietnutia potvrdit zhodu u textilnfch pod-
- nadlimitnli obsah taZkfch kovov (Cu) (v 9,0 %) lahovfch krytin boli nasledovn6 :
- nadlimitnf obsah formaldehydu a nevyhovujuca - nrzka stdlost vyfarbenia vo vode

st6lofarebnost (v 9,0 %) - nedodrlanie menovitej hodnoty celkovej plo5nej
- nadlimitnf obsah taZkfch kovov (Ni) a nevyhovu- hmotnosti.

jfca stdlofarebnost (v 9,0 %) Vydan6 odmietnutia potvrdit zhodu boli povodom z Bel-
- nadlimitnd hodnota pH vodndho vliluhu a nevyho- gicka a Rakuska.

vujuca stdlofarebnost (v 9,0) Dovody odmietnutia potvrdit zhodu na vfrobky spo-
- nevyhovuj0ce rozmerov6 zmeny po pranl (9,0 %) trebnej ch6mie boli nasledovn6 :

- vysok6 strata pevnosti tkaniny po 25 - ndsobnom
Najviac nedostatkov v kvalite textilnyich a odevnfch pranl

vlrobkov sa vyskytuje v stdlostiach vyfarbenia a obsa- V tejto skupine vfrobkov sri vlirobky povodom len
hu formaldehydu. z Ceskej republiky.
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MIMSTER^srvo HospooAnsrvn sLo\mNsKF-r REpuBLrr(y

osvEndENrE E.zgtzool
o rykonenl periodickdho hodnotenir organizlcil e pracovfsk vfskumu a vfvoja

v zmysle postupu echv6len6ho uznesenftn vlfdy SR I. 55711999

WrcH-cI{EMITEx, spol. s r.o., Lihna

Organizic ialprac ovisko

spolodnost' s ruEenim obrnedzenjm

Hvna forma

lng. Igor Chovan

Predseda hodnotitel'skej komisi c

3 l  583  8 t4

rCo

10. m6ja 2001

Hodnotenie vykonanC

Z,{ver bodnotenia

Pozitivne v celom rozsahu Iinnosti

Doba platnosti osveddenia: 3 roky

v Bratislave, diia 31. 05. 2001
,"4

/  
i ' t / '  / "  I

L tL t " i  I
Ing. 196r Chovfi i

prcdseda hodnotitef skej komis ie stratCgie, podpory podnikania a
legislatfvy MH SR

r. Jin OravecrCSc.
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Certifik6ty vydan6 autorizovanou osobou SKTC-118 od l.-Vl. 2000d\
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Vf robok 2iadatet ' eislo certifik6tu

Lanova priadza, reina TEXTILANKA v. d., Toverenska 38, 900 61 Gajary P/00001/118/1/2000
Priadza, 100 % bavlna, rezna TATRALAN, a. s., Michalska 18,060 27 Kezmarok P|OOOO2|118|12OOO
LanovA priadza, reind TATRALAN, a. s., Michalskd 18, 060 27 Keimarok P/00003/1 18/12000
Bavlnend priadza mercerovand, reind TATBASVIT SVIT - SOCKS, a. s., Mierova 1 , 059 21 Svit P/00004/1 18/1/2000
Priadza bavlna/akryl, re:na, s obsahom bavlny 50 a/o a2 80 o/o BCT - TEXCEL, a. s., Paridkova 18, 821 08 Bratislava P/00005/1 18/1/2000
Priadza, 100 o/o bavlna, tarebne TATRASVIT SVIT - SOCKS, a. s., Mierove 1 , 059 21 Svit P/00006/118/1/2000
Priadza, 100% bavlna, rezna a farebne od 16,5texdo72tex PRO TEMPORE, poradenskd druzstvo, Hviezdoslavova 26, 960 01 Zvolen PlOOOO7l118l1l2WO
Priadza z bavlny a visk6zy, farebna, s obsahom bavlny 40 % a.:80 %; od 16,5 tex do 72 tex PBO TEMPORE, poradenskd druistvo, Hviezdoslavova 26, 960 01 Zvolen P/00008n 18/1/2000
Priadza akrybva, farebne BASTI, s. r. o., Stirova 51 , 949 O'l Nira P/00009/1 18/1/2000
Priadza, 100 % bavlna, rdn6 MAYTEX, a. s., Ul. 1. mqa1207,O31 17 Uptovshi MikubS P/00010/118/1/2000
Rudne pletacia priadza, 100 % vlna, nefarbene TOPTEX - Toma6 Plikryl, 023 56 Makov 6. 47 P/00011n 18/1/2000
Priadza bavlna/visk6za, reind ; s obsahom bavlny od 50 % do 85 % MAKR - Jana Gardoiova, Namestie slobody 1656/23, 020 01 Pichov P/00012/1 18/1/2000
Bavlnena priadza re:na TATRALAN, a. s., Michalska 18, 060 27 Keimarck P/00013/1 18/1/2000
Priadza, polyester/bavlna, rezne TATRALAN, a. s., Michalska 18, 060 27 KeZmarok PlOOo14n1Afil2OOO
Priadza, 1OO o/o bavlna, mykane STUHAR, s. r. o., Kysucki cesta 3, O1O 61 Zilina P/00015/1 18/1/2000
Priadza, 100 o/o bavlna, desana SLOV-INT., Exportimpod, spol. s r. o., Jilemnickdho 2, 91 1 0l Trendin P/00016n 18/1/2000
Priadza polyester/vlna/elastomdrovd vlakno, (53/43/4), farebne MERINA, a. s., M. R. Stefanika 19,911 60 Trenein PlOOO17l118l1l2OOO
Priadza, 100 % bavlna, re:na NIMEX, spol. s r. o., Podzamska 18, 949 01 Nitra P/00018/1 18/12000
Priadza bavln4elastomdrovd vlakno, re:na (s obsahom elastomo-m€rovdho vHkna do 5 %) MAYTEX, a. s., Ul. 1,meja1207,031 17 Liptovsky Mikules P/0001 9/1 1 8/U2000
Priadza, '100 o/o visk6za, rezna MAYTEX, a. s., Ul. 1. meja 1207,031 17 Liptovsld Mikulas Plco0z0ll'l&lll2cfo
Priadza, 100 0/o bavlna, rezne MAYTEX, a. s., U l. 1. maja 1207,031 17 Liptovshi Mikules PlcnO21ll1Al1l2OOO
Efektna priadza, lOO o/o akryl, rcin'tarcbnii; obchodny nezov CINIGLIA TEXTILANKA v. d., Tovdrenska 38, 900 61 Gajary PlOOO22l118l1l2@O

N)
G)
('l

Priadza,l0O % bavlna, reZn|

Priadza, 10O % bavlna. relnA
Priadza, bavlna/visk6za, farebnd; s obsahom bavlny 40 % a2 60 %
Textiln6 vldkno, 100 % polyester, farbend a nefarben6
Bavlnen6 priadza Al BD; 14,5 tex aZ 60 tex
Bavlnen6 priadza, re2n5,
Priadza na bdze bavlny a visk6zy, rein6; zloZenie: bavlna/viskoza, (6Q140), 100 % bavlna
Priadza,lO0 % bavlna, re2n5,
Priadza,l0O o/o bavlna, reZni,
Textiln6 vl6kno, 100 o/o polyester, nefarben6
Bavf nen6 priadza mercerovan6, f arebnd
Textiln6 vldkno, 100 % polyamid 6.6, nefarbenf, hladkyi; hlbokomatnf, polomatnf, lesklyi
Textiln6 vldkno, 100 % polyamid 6.6, nefarbenf, hladkyi
Textiln6 vl6kkno, 100 % polyamid 6.6, nefarbenli, tvarovanli; hlboko-matnli, polomatnf, lesklf
Bavlnend priadza reln6
Priadza,100 % bavlna, re1nA

P riadza, bavlna/modal (50/50), nefarbend

Lanovd priadza, nefarbend
Priadza, bavlna/polyester, nefarbend; s obsahom bavlny 50 o/o a270 oh

Priadza,100 % bavlna, zrebn6;jednoduchd a zos0kand (PAMUK)

Polypropyl6nov6 vrecia

TECHNOPOL TRIKOTA, a. s., z6v. Vrbov6,
Ul. J. Zigmundika 1489,92203 Vrbov6
TATRAHN, d.s., Michalskd 18, 060 27 Kelmarok
FINIS-NOVA, s. r.  o.,  Mlynsk6 39, 052 01 Spi5ska Nov6 Ves
V. T. F. Color, spol. s r. o., Herlanskd 547, 093 03 Vranov nad Toplbu
V. T. F. Color, spol. s r. o., Herl'anskd 547, 093 03 Vranov nad Toplbu
V. T. F. Color, spol. s r. o., Herl'anskd 547, 093 03 Vranov nad Toplbu
V. T. F. Color, spol. s r. o., Herl'ansk6 547, 093 03 Vranov nad Toplbu
TATRASVIT SVIT-SOCKS, a. s., Mierov6 1, 059 21 Svit
TATRASVIT SVIT-SOCKS, a. s., Mierovd 1, 059 21 Svit
MAYTEX, a. s.,  ul.  1. m6ja 1207,031 17 Liptovskf Mikul65
TATRASVIT SVIT-SOCKS, a. s., Mierov6 1, 059 21 Svit
Chemlon, a.s.,  Chemlonsk6 1, 066 76 Humenn6
Chemlon, a.s.,  Chemlonskd 1, 066 76 Humenn6
Chemlon, a.s.,  Chemlonskd 1, 066 76 Humenn6
TATRAUN, d.s.,  Michalskd 18,060 27 Kelmarok
TECHNOPOL TRIKOTA, a. s., zAvod Vrbov6,
Ul. J. Zigmundika 1489,92203 Vrbov6
TECHNOPOL TRIKOTA, a. s., zAvod Vrbov6,
Ul. J. Zigmundfka 1489,92203 Vrbov6
SANA, rnirobnd druZstvo, Smetanova 47,080 05 Pre5ov
MAYTEX, a. s.,  ul- 1. m6ja 1207,O31 17 Liptovskyi Mikula5
BAVLNARSKE ZAVODY-TEXICOM, s. r. o.,
Textilnd 23,034 01 RuZomberok
HUNG-EXPO-TRANS, s. r.  o.,  Drevend 76611 ,924 O0 Galanta

Plooo23l118l1l2O00
P10002411181112000
P10002511181112000
P1000261118l1l2O00
Plooo27l11811l2O00
Pl0o028l118l1|2OOO
P/00029/1 1811l2OO0
Pi00030/1 181112000
P/00031/1 181112000
P/00032/1 181112000
P/00033/1 181112000
P10003411181112000
P/00035/1 181112000
P/00036/1 181112000
P10003711181112000

P/00038/1 181112000

P/00039/1 181112000
Plooo40l1181112000
Plooo41l1181112000

Plooo42l1181112000
Plo0o43l11811l20oo
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Polypropylenov6 vrecia
Sijacia nit, 100 % polyester, farebn6
Sijacia nit, 100 % bavlna, BISON
Sijacia nit,'100 % polyester, farebn6;JUMBO, BISTOLUX
Sijacia nit, BISTOFIL, farebnd; zo zmesi polyester/bavlna, (60/40)
Sijacia nit, 100 % polyester, farebn6;JUMBO, BISTOLUX
Visk6zov6 striZ, nefarben6
Polyesterov6 striZ, nefarben6
Polyesterov6 striZ, nefarbend
Polyesterovd striZ, nefarben6
Elastanov6 vl6kno opraden6 polyamidom 6; DORLASTAN/polyamid 6, (10/90)
Priadza bavlna/visk6za,larebn6; (60 % bavlna/38 o/o viskozal 2 %viskozd od 20 tex do 50 tex
Priadza bavlna/akryl, farebn6; (s obsahom 5O o/o a2 80 % bavlny)
Elastanov6 vlAkno, 1OO % polyuret6n; nefarben6 (GLOSPAN)
BavlnSrska priadza, bavlna/polyester, farebn6; (s obsahom 65 o/o aZ 85 % bavlny)
Priadza,lOO % bavlna, relni,
Bavln6rska priadza, bavlna/polyester, re2n6; (s obsahom polyesteru 65 %)
Pofypropyl6nouf kablik VIRELON, farebny; polym6ry: TATREN TH 340, TATREN TH M0;

prepardcia: SLOVACID R2018 + SLOVAMIX AS
Visk6zov6 striZ, reZnd a dierna
Polyesterov6 textiln6 vldkno nefarben6 a dierne
Polyesterov6 textiln6 vldkno, nefarben6
Visk6zov6 textiln6 vldkno, nefarben6
Priadza,l0O % bavlna, reZn6,
Lanovd priadza, bielen6
Priadza, bavlna/visk6za (50/50) , reZnd
Polypropyl6novd striZ ISTRONA, farebnd, polym6ry: TATREN TG 900, TATREN TG 920;

prepardcia: SLOVACID R 20/8 + SLOVAMIX AS
Priadza, vlna/akryl/polyamid (50/30/20); farebn6 telov6
Priadza, bavlna/akryl (50/50), farebn6
Priadza bavlna/visk6za, farebnd s obsahom bavlny od 40 % do 60 %
Priadza, lOO % bavlna, re2nA a larebnd
Polypropyl6novd striZ, reln{ a dierna
Polyesterov6 striZ T 74, re2na a dierna
Priadza bavlna/akryl (50/50), farebnd

Priadza,l0O % akryl, farebn6

Priadza, bavlna/polyester (80/20), farebnd
Textiln6 vl6kno, 100 % polyester, nefarben6
Bavlnen6 priadza, reZnA a frebnd
Visk6zov6 textiln6 vldkno, zrebn6, vyroben6 diskontinu6lnym a kontinudlnym sp6sobom
Polyesterov6 textiln6 vldkno farebn6 tuarovan6
Priadza, bavlna/viskoza (50/50) , relnf
Priadza polyamid/lycra (93/7); biala a dierna
Priadza, 100 % akryl, farebnA
Priadza, akryl/vlna (50/50), farebnd
Priadza. 10O % visk6za. biela a farebn6

HUNG-EXPO-TRANS, s. r.  o.,  Dreven676611,924OA Galanta
lng. Andorovd Dana, AD GAI-ANTERIA, Bauerova 3, O4O 11 KoSice
ABE-TEX, spol. s r. o., Bardejovsk6 24, 080 06 Pre5ov-Lubotice
ABE-TEX, spol. s r. o., Bardejovskd 24,080 06 Pre5ov-l-ubotice
ABE-TEX, spol. s r. o., Bardejovsk6 24, 080 06 Pre5ov-Lubotice
PLETA-MODA, a. s., Pletiarska 11, 969 41 Bansk6 Stiavnica
ASCOP AG, St0rova129,093 01 Vranov nad Toplbu
ASCOP AG, St0rova129,093 01 Vranov nad Toplbu
G.S.TRANS - Mihalka Stanislav, Kunov 184, 905 01 Senica
G.S.TRANS - Mihalka Stanislav, Kunov'184,, 905 01 Senica
TATRASVIT SVIT-SOCKS, a. s., Mierovd 1, 059 21 Svit
V. T. F. Color, s. r. o., Herl'anskd 547, 093 03 Vranov nad Toplbu
EVA - Eva Makovi6ov6, Kuku6inova 508, 018 41 Dubnica nad Vdhom
PRO TEMPORE, p. d., Hviezdoslavova 26, 960 01 Zvolen
SLOVENKA, ?.s.,Str iebornd ndmestie d.3,975 67 Bansk6 Bystr ica
LEVITEX, a. s., Ku Bratke 5, 934 01 Levice
LEVITEX, a. s., Ku Bratke 5, 934 01 Levice

ISTROCHEM, a. s., Nobelova 34, 836 05 Bratislava
NITRATEX, v. d., 913 34 Svinn6 290
MAYTEX, a. s., Ul. 1. mdja 1207,O31 17 Liptovskyi Mikula5
MAYTEX, a. s., Ul. 1. mdja 1207,031 17 Liptovskf Mikul65
MAYTEX, a. s., Ul. 1. mdja 1207,031 17 Liptovshi Mikulii5
PLESO, s. r.  o.,  Kpt. N6lepku57,92O 01 Hlohovec
BYT-DOP, Barto5 Juraj a BoZena, Bratislavsk6 74132,924 OO Galanta
Jozef M0dry - PLETIAREN, 913 03 Drietoma d. 703, okr. Trendin

ISTROCHEM, a. s., Nobelova 34, 36 05 Bratislava
ZI-ATKA - Vladimir Fojtidek, 916 1 1 Bzince pod Javorinou 203
DITEX- DIRBAK Milan, Rudohorske24,97411 Banskd Bystr ica
RENTEX - Ren66 Franti5ek, 925 62 V6hovce 175
RENTEX - Rend6 Franti5ek, 925 62 V6hovce 175
NITRATEX, n/robn6 druZstvo, 913 24 Svinn6 290
NITRATEX, vrirobn6 druZswo, 913 24 Svinnd 290
DAINONG SLOVAKIA, spol. s r.  o.,
Obrancov mieru 3412,018 41 Dubnica nad Vdhom
DAINONG SLOVAKIA, spol. s r.  o.,
Obrancov mieru 3412,018 41 Dubnica nad V6hom
DITEX - Dirbdk Milan, Rudohorske 24,974 1 1 Bansk6 Bystrica
OWEXCHEM, s. r.  o.,  Jakubovo n6m. 1, 8'11 09 Bratislava
NIMEX, spol. s r. o., P.odzdmska 18, 949 01 Nitra
SLOVENSKY HODVAB, a. s., TovSrensk6 532, 905 01 Senica nad Myjavou
HIGA, s. r. o., Bazovsk6ho 8/5, 911 01 Trencin
Jozef Mudry - PLETIAREN, 9t3 03 Drietoma 6. 703, okr. Trendin
TATRASVIT SVIT-SOCKS, a. s., Mierovd 1, 059 21 Svit
BASTI, s. r.  o.,  Sturova 51, 949 01 Nitra
BASTI, s. r.  o.,  St0rova 51, 949 01 Nitra
PLETA PLUS, a. s., Pletiarska 11 , 969 41 Banskd Stiavnica

Plooo44ll18ll|2OOO
Pzl0o0o1l11811l2o00
PZ|OOOO2|118l1l200o
Pzl}9oo3fi1811l290o
PZ|O0OO4|11811l2OO0
Pzloooosl1 18l112OOO
Plo0045l11811l2O0O
P/00046/118/1/2ooo
Plo0o47l11811|2OOO
Pl0oo48l11811l2ooo
P/00049/1 18l1l2OOo
P/00050/1 18l1l2O0O
P/00051/1 1811|2OOO
Plo0052l118l1l20oo
P/ooos3/1 18/1/2ooo
P/ooo54/1 18l1l2OO0
P/oooss/1 18l1|2OOO

P/00056/1 1811|2OOO
P/000571 1811/2000
P/00058/1 181112OOO
P/00059/1 18/1/2000
P/00060/1 1grt lzooo
P/00061/1 181112000
P1000621118l112OOO
P/00063/1 181112OOO

P/00064/1 18l1l2O0O
P/0006s/1 18/1/2000
P/00066/1 1811|2OOO
P100067l11811l2O0O
P/00068/1 18l1l2O0O
P/0006e/1 1811|2OOO
P/00070/1 18l1I2OOO
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P/00081/1 1811112000
P/00082/1 18l112OOO
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Priadza,100 % bavlna, farebnd
Priadza, 1OO % visk6za, biela a farebn6
Technick6 vl6kno, 1OO % polyamid 6, typ 060, farebn6;
Technickd vldkno, 1OO % polyamid, typ 341, typ 351; leskl6
Technick6 vl6kno, 100 % polyamid 6,, typ 840 a typ 851 (silver gray)
Vliikno, 100 % polyamid 6,6, nlzkojemn6, leskl6, typ 632 a typ 634
Priadza, vlna/polyester/lycra (431 531 4), f arebn6
Pofyesterov6 textiln6 vldkno, relnf
Visk6zov6 striZ, biela
Priadza na bdze bavlny a visk6zy, farebnd, s obsahom bavlny 40 o/o ai 80 %, od 16,5 tex do 72 tex

Textiln6 vl6kno, 100 % visk6za, nefarben6
Silacia nit, 100 % polyester, farebnd
Sijacia nit, '100 % polyester, farebn6, obchodnli n{zov: BRINA
Nite, 100 % polyester, farebn6, OXYLENE-TEBRIER, FIBRALENE, SPUN,

(zapoSfvacie, Sijacie, obnitkovacie)
Polyesterov6 Sijacie nite, farebn6
Sijacie nite, 100 % polyester, farebn6

Bavlnend tkanina, farebnd s potladou; urden6 na postelh0 bielizeri
Priadza, 100 o/o visk6za, relnA, biela a dierna
Bavlnen6 priadza, biela a farebnd
Priadza, 100 % akryl, farebnA

Priadza bavlna/visk6za, farebn6;s obsahom bavlny od 40 % do 60 o/o

Priadza, visk6za/polyester (50/50), farebnA
Priadza, bavlna/elastan (Lycra) , reZnd (s obsahom elastanu do 10 % hm.)
Priadza,lOQ Yo visk6za, relnA a farebnd
Polyesterov6 textiln6 vldkno (osnova), relnf
Polyamidov6 textiln6 vl6kno, farebn6
Polyesterov6 textiln6 vldkno, farben6 v hmote; obchodnf ndzov: SLOTERAR
Kdbef , 100 o/o polyester, matovanf a farebnf;
Priadza, 100 o/o polyester, farebn6; obchodnyi n6zov: TEXTOR
Priadza, 100 % polyester, farebnd; obchodnf ndzov: ORGANSIN POLYESTER
Bavlnen6 priadzareln{t tex 20 aZtexT5
Bavlnend priadza reln5,, BD a 6esan61' od 14,2 tex do 72tex
Bavln6rska priadza, re2nA; bavlna/modal (50/50),od 20 tex do 25 tex
Visk6zov6 nite farebn6; obchodnf n6zov: KORDONET

PLETA PLUS, a. s.,  Plet iarska 11, 969 41 Banskd Stiavnica
PLETA PLUS, a. s., Pletiarska 11, 969 41 Banskd Stiavnica
CHEMLON, a.s . ,  Chemlonskd 1,066 76 Humenn6
CHEMLON, a.s.,  Chemlonskd 1,066 76 Humenn6
CHEMLON, a.s.,  Chemlonskd 1, 066 76 Humenn6
CHEMLON, a.s.,  Chemlonskd '1, 066 76 Humenn6
MERINA, a. s.,  M. n. stefenira 19, 911 60 Trencin
MAYTEX, a. s.,  Ul.  1. m6ja 1207,031 17 Liptovshj Mikuld5
ASCOP AG, St0rova 129,093 01 Vranov nad Toplbou
RIMATEX - J0l ius B6lint,  Ul.  Dr. Vlada Klementisa 1/86,
979 01 Rimavskd Sobota
BCT-TEXCEL, a. s., P6ridkova 18,821 08 Bratislava
OPAL HELI-A s. f., Pal'a Ladislav, Gdrpl'ov5,42lA
ZAMAR PRODUKT, s. r. o., 680 01 Boskovice, Na vyhlfdce 32, 6esko

E.WALTERS lnternational, spol. s r. o., Stefenikova 19, 91 1 60 Trendin
TARENTUM - Klukanovd lrena, St0rova 50, 059 21 Svit
VaV - Juraj Vars6nyi, HlavnA 20, 900 44 Tom65ov

Alena Salvovd- LUSA, 03482 Kalameny
AMANN SPONIT SLOVAKIA, s. r. o., Saratovsk6 2361, 911 01 Tren6fn
AMANN SPONIT SLOVAKIA, s. r. o., Saratovsk6 2361, 911 01 Trendin
PLETA PLUS, a. s., Pletiarska 11, 969 01 Banskd Stiavnica

Jozef Mudry - PLETIAREN, 913 03 Drietoma 703
TATRASVIT SVIT-SOCKS, a.s., Mierov6 1, 059 21 Svit
MAYTEX, a.s.,  Ul.  1. mdja 1207,031 17 Liptovskf MikulaS
MARTEX, spols r.o., Tovdrensk6 38, 900 61 Gajary
NOVA TERRA, s.r.o., Tov6rensk6 804, 908 01 K0ty
TATRASVIT SVIT-SOCKS, a.s., Mierovd 1, 059 21 Svit
Slovenshi hodvdb, a.s., Tovdrenske 532, 905 01 Senica nad Myjavou
MERINA, a.s.,  M. n. Stetenifa 19, 911 60 Trendin
MERINA, a.s.,  M. n. Stetenifa 19, 911 60 Trendfn
MERINA, a.s.,  M. R. Stetenifa 19, 911 60 Trendfn
V.T.F. Color, s.r.o., Herl'anskd 547, 093 03 Vranov nad Toplbu
V.T.F. Color, s.r.o., Herl'anskd 547, 093 03 Vranov nad Toplbu
V.T.F. Color, s.r.o., Herlhnskd 547, 093 03 Vranov nad Toplbu
SANA, uirobn6 druZstuo, Smetanova 47, O8O 05 Pre5ov

P/00083/1 1efi l20oo
P/00084/1 1811l2OO0
P/00085/1 181112000
P/00086/1 1811l2o00
P/00087/1 181112000
P/00088/1 18l1l2OO0
P/00089/1 1811l2OO0
P/00090/1 181112000
P/ooogl/1 1efil2OOo

P/00092/1 181112000
P/00093/1 181112000
PZl00006/1 181112000
Pz.10000711181112000

PZ.|OOOO91118l112OOO
PZ|OOOO9|118l1|2OOO
PZ/OOO1Ol1l811l20OO
PZ|OOO111118l1l2O00
Pzlooo121118l1l2O00
PZ|OOO13111811l2O0O
PZlOoOl 4111811 I2OOO
PZ|OOOI5l118l1l20OO
Pzloool61118n paog
00094/1 18l112OOO
0009s/1 't811l2o0o

00096/1 181112000
000921181112000
00098/1 1811l20OO
00099/1 1811l2O0O
00100/1 18l1l2oo0
00101/1 1811|2OOO
00102/1 1811l20OO
00103/1 1811l20oo
00104/1 1811l2O0O
0010s/1 1811l2oo0
00106/1 1811|2OOO
001021 181112000
00108/1 181112000
00109/1 181112OOO
001 10/1 1811l2OO0
001 1 1/1 181112000
oo112111811l2OO0
PZ|OO017l't181112000

Bavlnene priadza, larebn6 AMANN SPONTT SLOVAKIA, s. r. o., Saratovske 2361, Il1 01 Trendin
lijacie nite, 1OO o/o aramid, retne; obchodn€ niizvy: KEVLAR, NOMEX AMANN SPONIT SLOVAKIA, s. r. o., Saratovske 2361, 91 1 01 Trenein
grjacie nite, polyester/bavlna (60/40), farebn6;obcfiodny ndzou RASANT AMANN SPONIT SLOVAKIA, s. r. o., Saratovskd 2361, 911 0l Trendin
gijacie nite, 100 % polyamid, tarebnd;obchodny ndzov: STRONGFIL AMANN SPONIT SLOVAKIA, s. r. o., Saratovska 2361, 911 01 Trendin
Sjacie nib, 100 % PES, farebn6, obcfpdne nCzvy: ASFII- ASPO, BELFII- FISCHBEIN, SYNTON AMANN SPONIT SLOVAKIA, s. r. o., Saratovske 2361, 911 01 Trendin

Pletiarska priadza na bdze bavlny, vlrry a akrylu s primesou elastano\ich vhkien do 10 %,largbne PLETA PLUS, a. s., Pleiiarska 11,969 Ol Banska Stiavnica
Priadza,l0O o/o akryl, farebn6 PTETA PLUS, a. s., Pletiarska 11, 969 01 Banskd Stiavnica
Pletiarska priadza na b6ze bavlny, vlny, akrylu a s primesou polyamidov,ich v6ken do 10 o/0, larebnd PLETA PLUS, a. s., Pletiarska 1 l , 969 O 1 Banske Stiavnica
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Suhrn diplomovich pr6c obh6jenfch na Katedre vl6kien
a textilu CHTF STU v Bratislave v rdmci iniiniersk6ho Studia

v Skolskom roku 200012001

Andrea Barnikov6:
vPLW REoLoc rocicH vLqsrNosri
prcMENToWcH KoNCENTHATov NA pRocES
FARBENTA syNTErcnicH vLqrteN v HMorE

DipfomovA prilcaje zamerand na sledovanie spraco-
vatelhosti koncentrdtov sadzf v polyesterovom nosidi v
procese prlpravy polyetyl6ntereftdlouich vldkien farbe-
n;ich v hmote.

V prdci sa sledoval vplyv koncentrdcie C.l. Pigmentu
Black 7 v polyetyl6ntereftaldte (PET) a tieZ vplyv podielu
polybutyl6ntereftaldtu (PBT) v 30% zmesnom koncen-
trdte PET/PBT na reologick6 vlastnosti a nadvdzne na
geometriu a na niektor6 mechanick6 vlastnosti  PET
vl6kien farbenyich v hmote vy5Sie uvedenyimi koncen-
trdtmi. Vlisledkom prdce bolo optimalizovan6 zloZenie
koncentrdtov, ktor6 pri farbenf vldkien v hmote ddvali
najlep5ie vfsledky niektoryTch vlastnostl a tieZ geome-
trickej nerovnomernosti.

Jul ius Bern6th:
ODFARBOVANIE VOO PO FARBENI REAKTIVruVUI
FARBIVAMI

V pr6ci sa sledovali aplikacn6 vlastnosti bifunkdnfch
reaktivnych farblv, ich 4itaZnost, kombinovatelhost ako
aj stdlostivyfarbenia. Odpadov6 vody po farbenisa cistil i
f lokaciou a vyZitfm Fentonovej reakcie. Zistilo sa, Ze
vhodnyim vyiberom zr62adla aj ndslednou oxiddciou
peroxidom vodika v prostrediZeleznatlch ionov sa vody
tc inne odfarb ia a poklesne a j  chemickd spotreba
kyslika.

Eva Bolhov6:
TERMICKE VLASTNOSTI ZMESNVCH SYNTETIC-
rcfcH VI.AKIEN

Sledovala sa kinetika kryStalizdcie zmesnfch PP/PET
vldkien pri neizotermickfch i izotermickrich podmienkach
merania zapoulitia DSC 7 fy PERKIN ELMER.

Z nameranfch termickfch vlastnosti pri neizotermic-
kfch podmienkach vyplfva, Ze typ a koncentrdcia aditlv
sp0sobujri rozdielny vplyv na vlastnosti zmesnfch PPI
PET vldkien.

Zizotermickfch merani vyplfva, Ze koeficient n urde-
n'i z Avramiho rovnice rastie s koncentrdciou aditiv
v zmesnfch PPIPET vldknach. To dokazuje, Ze krySta-
lizdcia tfchto syst6mov prebieha mechanizmom troj-
rozmernej nukledcie.

Na zdklade ur6enia povrchovej energie distyich PP
vlAkien a zmesnyich PP/PET vldkien sa hodnotila miera
kryStalizdcie \ichto syst6mov. Aditfva Hostalub, PET LFK
a EVAc zniluje mieru kryStalizdcie hichto syst6mov.
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Lenka Chovancovi:
PRIPRAVA POLYPRoPYLENOWCH KOM PoZITNVCH
VI.AKIEN PLNENVCH ANORGANICICIM PLNIVOM

T6ma diplomovej prdce je sfcastou projektu KVT,
ktor6ho cielbm je vy5etrit moZnosti pripravy a vlastnosti
kom pozitn;ich polypropyl6no4ich vldkien pl nenfch anor-
ganickfm plnivom TIXOGEL (1 a2 3%), komerdnej vf-
roby na bAze SiO2 s vysokou jemnostou (1 aZ 5 pm). Pri
St0diu vlastnostf tfchto vldkien sa zistilo, 2e pritomnost
mal6ho mnoZstva tohto plniva vyrazne zvy5uje viskozitu
taveniny. Plnivo vo v5etkfch sledovanlich vzorkdch s
obsahom (1 aZ 3%Tixogelu) zniZuje pevnost vldkna.
Najviac k pevnosti neplnenfch PP vldkien sa pribliZila
vzorka s 1 % Tixodelu a 2% PP s MAN t.j. okolo 2 cN/
dtex, pricom neplnen6 PP vldkno vykazovalo pevnosti
okolo 2,3 cN/dtex. Zistil sa aj negativny vplw plniva na
tuorbu kryStalonitov PP v orientovanom vldkne.

Nat6lia Karabcov6:
SYNTETICKE VUTruN NA BAZE POLYMEROWCH
ZMESI PRIEENE GEOMETRICKY PROFILOVANE

Diplomovd prdca je zamerand na St[dium prfpravy
polym6rovl ich zmesf PP/PET s vyuZit im kompatibi l i -
zltora a hodnotenie vlastnostitlchto zmesi.

Pri priprave vldkien z tfchto zmesi sa pouZili zvl6kno-
vacie hubice so zmenenou priecnou geometriou. Pripra-
ven6 vldkna sa hodnotili na niektor6 uZitkov6 vlastnosti.
Vfznamnfm prispevkom je zlep5enie vyfarbenia priec-
ne profilovanyich vl6kien v porovnanis vldknami s klasic-
kfm kruhovym profilom.

Eva Kolnikov6:
HODNOTENIE NADMOLEKULOVEJ ORIENTAC
SYNTETICICICH VLAKIEN

Na zdklade stanovenia dfZkovlich zmien vldkien meto-
dou termomechanickej analfzy OMA) sa hodnotili zme-
sn6 PP/PET vldkna a modifikovan6 PP vldkna.

Cielom diplomovej prdce bolo analyzovat vplyv pod-
mienok pripravy azlolenia modifikovanlich vldkien na ich
orientdciu, deformovatel'nost, relaxdciu napdtia a Youn-
gov modul. Experimentdlne vjsledky potvrdili vfznamnri
ri loh u medzil 6zov6ho ci n id I a pri p rlprave vldkn otvornych
zmesi vzhlhdom na mie5atel'nost zloliek a ich homo-
genitu, ako aj zlep5enie vyfarbitelhostivldkien pri zacho-
vanf kvalitatfvnych parametrov vldkien na Irovni cist6ho
polypropyl6nu.

Zuzana Kriianov6:
HODNOTENIE GEOMETRICKEJ A  STRUKTURNEJ
NEROVNOMERNOSTI SYNTETICKTCH VLAKI EN
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DiplomovS, prdca sa zaoberd Stridiom a porovnanim
met6d pouZi\ich na hodnotenie nerovnomernosti geo-
metrie a Struktfry syntetichich vldkien.

Na hodnotenie a sledovanie nerovnomernosti  bol i
pouZit6 Standardn6 typy vyrdbanfch vldkien - textiln6
(PA6, PES) a technicke (PA66). Boli stanoven6 nerovno-
me rnost mechan ickofyzi kdl nych vlastnosti jed notl ir4ich
fibri l ,  nerovnomernost priecneho rezu f ibr i l  pomocou
obrazovej anal'fzy.

Z nameranfch 4isledkov sa stanovili vztahy medzi
variacnfmi koeficientami jemnosti, pevnosti, taZnosti
a priecneho rezu vldkien.

Darina Kucharikov6:
FYZI KALNA MODI FI KACIA SYNTETICrcTCH VLAKI EN
S CIETOM ZLEPSENIA NIEKTORVCH VI-ASTNOSTI

Diplomovd prdca bola zamerand na pripravu zmes-
nfch vlakien polypropyl6n/kopolym6ry etyl6nvyn i lacetdt
s obsahom 19, 28 a 33 % hm vinylacetdtu a kompatibi-
lizdtora HOSTALU-8.

Marek Adamec:
SrnrsrcKE METoDy, rcH vyuztlE vo zwSo-
VAN i KVALITY KON FEKCru C.I WNOAY

Di plomov 5, pr 6ca sa zaobe rd Stati stickf m i metodam i
a ich vyuZitfm pri zvy5ovanl kvality konfek6nej vjroby
v a.s. OZETA, odevn6 zdvody Trencfn. Jednotlivd Stati-
stick6 metody shiZia na hodnotenie respektive zvy5ova-
nie kvality doddvan6ho materidlu, rozpracovan6ho
a hotov6ho nirobku.

Eleonora Bendikovd:
HO DNOTE N I E VLASTNOSTI WSTUZruVC rI
KORDOWCH TKAN1T PNT WNOAU
AUTOPI.ASiOV

V uvode predloZenej prdce je spracovanf prehl'ad
literdrnych poznatkov z oblasti rozvoja a hodnotenia
vyistuZnfch materidlov pre konStrukciu autopld5tov.
V experimentdlnej casti prdce boli vykonan6 hodnotenia
FMH parametrov polyesterovyich a polyamidovlich
textilnyich kordov po statickom a dynamickom namdhanl.
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Zmesn6 vldkna s obsahom 5, 10 a15% hm uvedenfch
kopolym6rov a 1,  2  a 3% hm HOSTALU-B sa
vyznadovali vlibornyimi mechanicklimi vlastnostami
(najmii priobsahu 5 % hm), zlep5enfmielektrostaticlgimi
a sorpdnfmi vlastnostami. Vyfarbenie zmesnyich vldkien
disperznfm farbivom Terasil Blau 3RL ( podlh hodnOt 1(
S) sa zlep5ilo so zvy5ujricim sa obsahom kopolym6rov
resp. s obsahom acetdtoWch skupfn.

Anna Rafajovdi
VPLW GEOMETRICKYCH PARAMETROV PET
VLAKIEN NA VYFARBENIE

Vl6kna s r6znym priednym a pozd[lnym profilom sa
opisali geometriclqimi parametrami na zdklad e analyzy
REM obrazu, ndsledne sa vyfarbi l i  a zmeral i  sa kolo-
ristick6 vlastnosti vyfarbenyich vldkien. V diplomovej prdci
sa diskutuje o vplyve geometrickfch parametrov PET
vldkien na silu vyfarbenia a celkovf farebn0 odchylku.

Sofia Harga5ov6:
ROZSIROVANIE MOZNOSTI VYUZIVANIA VYPOC-
TOVEJ TECHNIKY PRI TVORBE STRIHOVEJ
DOKUMENTACIE V ODEVNEJ WROBE

Tdto diplomovA prAcasa zaoberd roz5irovanim mol-
nostf vyuZitia vfpoctovej techniky pri Worbe strihovej
dokument6cie v odevnej uirobe. Uvedend problematika
je konkr6tne spracovand pre nov6 sposoby polohovania
strihovfch Sablon , rezania strihovfch Sablon a pre
prenos podkladov pre strihanie na vfrobn6 divizie.

Milo5 Mid6tek:
NOVE TECHNOLOGICKE PRVKY, NASTROJ
ZWSOVAN IA KON KU RENCI ESCHOPNOSTI
ODEVNEHO PODNIKU

Di plomov a pr 6ea rie5i modern izdci u odevnf cl'r stroj ov na
sakovej dielni a spracovanie s'tredoWch materidlov obsa-
hujricich elastom6rovu zlo2ku. Prlnosom prdce je kon-
kr6tny ndvrh novfch technologichich prvkovv skutocnfch
podmienkach odevn6ho podniku OZETA, a.s.

na Katedre ch6mie a technologie polym6rov a textilu,
FPT TnU so sidlom v Puchove v r6mci inZinierskeho Studia

v Skolskom roku 200012001
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Sl6vka Minikov6:
NOVE METODY HYDROFOBIZACI E POLYSACHA.
RIDOV, VEDUCE K BIOSURFAKTANTOM

Pripravili sa estery a nov6 zmie5an6 estery O-hy-
droxyetylcelulozy jej parcialnou hydrofobizdciou s chlo-
ridmi vy55fch mastnfch kyselfn, a nouimi postupmi so
zmie5anfmi anhydridmi pripravenfmi ,,in situ" ako aj
reesterifikdciou s vinyllaur6tom. Stanovili sa ich vybran6
povrchovoaktlvne vlastnosti - povrchov6 napdtie, pracia
0dinnost, antiredepozidnd a emulgadnd f6innost. V€id-
Sina pripravenfch esterov sa vyznacuje vlibornfmi
emulgacnlimi ricinkami, ktor6 su porovnatel 'nd
s komerdnfm emulgdtorom Tweenom 20.Zaujimav6 s0
tieZ aj pracie a antiredepozicn6 0cinky.

Milan fvderka:
ANALYZA VPLWU OCELOVYCH VYSTUZNYCH
MATERIALOV NA DYNAM ICKE VLASTNOSTI
AUTOPLASTOV

V predloZenej prdcije spracovanf prehl'ad literdrnych
poznatkov z oblasti hodnotenia ocelb4ich uistuZnfch
materidlov pouZfvanfch do pneumatik a ich vplyv na
dynamick6 vlastnosti autopld5tov. V hlavnej 6asti sri
popfsan6 sk05obn6 metodiky FMH vlastnost i
ocelbnich rryistuZnfch materidlov a sk05obn6 metodiky
hodnotenia vlastnostf tfchto vfstuZnlich materidlov,
predov5etkfm vo vdzbe na adh6ziu ku gumovyTm
zmesiam.

Be6ta Mokr5iov6:
VPLW KVALIry VSTUPNVCH SUROV1N NA
VI-ASTNOSTI PRIADZE

V tejto diplomovej prdci sa posudzuje vplyv kvality
vstupnyich surovin na vlastnosti priadze. Na vzork6ch
100% vlnenej priadze sa sleduj0 tieto ukazovatele
kvality: hmotnd nerovnomernost, jemnost, pevnost,
taZnost, distota priadze.

Katarina Ridekyov6:
HHDANIE PRICIN VZNIKU ZMOLKOVITOSTI
U VLNARSKYcH EeSnruVCH TKANIN

Diplomov6, prAcasa zaoberd hladanim pricin Zmolko-
vitosti u vlndrskych desanfch tkanin. ExperimentSlna
6ast obsahuje skri5obn6 metodiky, pouZ[van0 prfstro-

jovf techniku a vfsledky experimentov jednotl ivfch
skri5ok zameranych na Zmolkovitost. Boli zisten6 vzla-
hy medzi tvorbou Zmolkov na tkanie a ich likviddcia.

Mir iam Sur6:
FARBENIE VLNENVCH OTSNruCOV REAKTIVI'IYN/II
FARBIVAMI

V a.s. Merina sa v s06asnej dobe vlnen6 desance
farbia prevaZne 1 :2 kovokomplexnlimi farbivami. Diplo-
movd prdca sa zaoberd porovnanim vyfarbeni 1:2 kovo-
komplexnfmi a reaktivnymi farbivami. Na zdklade
dosiahnuhich r4isledkov sa MERINE a.s. doporucuje,
aby boli 1 :2 kovopokomplexn6 farbiv6 pouZivane na
farbenie vlnenyich desancov v budfcnosti plne nahra-
den6 farbivami reaktfvnymi.

Zuzana Stefancov6:
HYDROFOBIZACIA PRIRODNVCH POLYM EROV

Studovali sa povrchovo-aktivne vlastnosti novfch
vodorozpustnlich derivdtov pripravenfch parcidlnou
hydrofobizdciou O-karboxymetyl5krobu (DS : 0.25),
viaceryimi postupmi( klasickfm sposobom s chloridmi
vy55ich mastnfch kyselfn,a t ieZ novfm postupom
uvddzanym v literature pri modifikdciiSkrobu so zmie5a-
nfmi anhydridmi, pripravenfmi ,,in situ" ako aj reesteri-
fikdciou s vinyllaurdtom, postupom, ktory pouZili autori pri
modifikdcii celulozy. Z povrchovoaktivnych vlastnosti sa
stanovili u vybranfch derivdtov, ktor6 zfskali po hydro-
fobizdcii aj rozpustnost vo vode tieto: povrchov6 napiitie,
pracia 0dinnost, antiredepozicnd a emulgacnd fcinnost.

Vladimira Tomanov6:
PRiPRAVA A STUDIUM VYBRANVCH PoVRCHoVo.
AKTIVNYCH VI-ASTNOSTi O. KAR BOXYM ETYLC E LU-
LOZY

Pripravili sa estery a nov6 zmie5an6 estery O-kar-
boxymetylcelulozy jej parcialnou hydrofobizdciou a to
klasickfm postupom s vy55imi mastnfmi kyselinami,
ako aj no4imi so zmie5anfmi anhydridmi pripraven;imi
,,in situ" aj s vinyllaurdtom tzv. reesterifikdciou.. Stanovili
sa ich vybran6 povrchovoaktivne vlastnosti- povrchov6
napdtie, pracia 0dinnost, antiredepozidnd a emulgacnd
ucinnost. Vyznaduju sa uibornfmi emulgadnyimi a anti-
redepozidnyim i 0ci nkami.
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zo zAHRANrcruVcn cnsoPrsov

P rog ra m ce rtif i k6cie g eosyntetickf ch vf robkov
GEOTECHNICAL FABRICS REPORT, 18,2000, 6. 8,
s .  14-16

Geosynthetic lnstitute inicioval zavedenie Programu
certifikdcie geosyntetickfch 4irobkov, ktory je zamera-
nf na zaistenie kvality geomembrdnz polyetyl6nu s vy-
sokou hustotou. Program vyZaduje zhodu s normou
GRI-GM-1 3,,Standardn6 Specifikacie sk05anfch vlast-
nostf, frekvencia skfSania a odporucand zAruka." Od-
kedy v roku 1997 prestala platit norma NSFS4, nebol
pre certifikdciu geomembrdn k dispozicii syst6m s mi-
nimdlnymi poZiadavkami vlastnosti. Zhodu overuje ak-
reditovand sku5obna. Prfsna kontrola Statisticlcrich [da-
jov z 4irobn6ho procesu zaistuje kvalitu v obdobf medzi
auditmi, ktor6 sa vykonavajf kaZdfch Sest mesiacov.
V prfpade udelenia certifikdtu ma 4irobca prdvo ozna-
dovat svoje uirobky ,,CR|-GM13 certified."

Geosyntetick6 membr6ny pod budovami zabraiu-
j fce prenikaniu bioplynu
GEOTECHNICAL FABRICS REPORT, 1 8, 2OOO, 6. 8,
s.30-33

Na blvalyich sklddkach odpadu je moZn6 stavat bu-
dovy za predpokladu, Ze sa pouZije vhodnd geomem-
brdna ako bari6ra zabrafiujfca prenikaniu bioplynu.
V obidvoch poplsanfch pripadoch bola pod budovy in-
Stalovand 3 mm hrubd prefabrikovan6 bitumenovd
geomembrdna, pozostdvaj0ca z netkanej textflie, modi-
fikovan6ho bitumenu a plniva. Hoci dif0zia metdnu cez
geomembrdnu bola minimdln a, z bezpecnostnfch
d6vodov zabudovali do hlbky 500 mm drendZne potru-
bia s priemerom 150 mm, ktor6 viedli a2nastrechy bu-
dov, kde boli in5talovan6 4ivevy s detektormi metdnu.
Geomembrdnu dodala kanadskd firma Soprema. Ta-
bul'ka uvAdzajuca prienik metdnu geomembrdnami
z rlznych materidlov m62e sl0Zit ako vodftko pri navr-
hovani bari6rovfch syst6mov.

Uzivery kalojemov
GEOTECHNICAL FABRICS REPORT, 18, 2OOO, 6. 8,
s . 4

Hodnotili sa geotextiln6 4istuZe dvoch uzdverov ka-
lojemov naplnenyich kalom z celulozok a papierni.
V prvom prfpade bola pouZita polypropyl6novd geotex-
til iaz multifi l lu, v druhom polypropyl6novd geomrieZka,
obidve s vysokou pevnostou v priednom a pozdlZnom
smere. Na ne naviezli 1,2-1,8 m hrubf vrstvu piesku
a na geosyntetickf materidl z PVC s hr[bkou 30 mm
vrchnf kryciu vrstvu zeminy. V d'alSom projekte uzdver
kalo jemu s kontaminovanfm banskfm odpadom.
V tomto prfpade pouZili netkanu textiliu zo5itti s tkanou
geotextlliou, ktor6 plnili separadn0 a spevfiovaciu fun-
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kciu a zdrovefi tvorili podklad pre vrstvu zeminy a kry-
cimateridl. Obidve boli vyroben6 z polypropyl6nu. V ta-
bulkdch sri uveden6 tahov6 a pevnostn6 charakteristi-
ky pouZitfch materidlov.

Elektricky vodiv6 textilie pre 5irok6 aplikadn6 oblasti
TECHNICAL TEXTILES, 9, 2000, d. 7, s. 16-17

Britskd firma Gorix Ltd. vyvinula elektricky vodiv6 tex-
tflie, schopn6 zabezpecovat kon5tantn6 vyhrievanie pri
nfzkom napdti. Textilie Gorix sri tkaniny z akryloWch
vldkien karbonizovan6 v inertnom prostredi pri teplote
100 oC. V;iznamnfm technickfm faktom je 10 percen-
tnf rozdiel medzi cislom priadze osnovy a cfslom priad-
ze 0tku. Karbonizovand textflia je zapuzdren6 medzi
dvomi vrstvami textilii. Zdrojom energie moZe byt bat6-
ria, autobat6ria a pod. Textflia je nehorlavd, bezpednd,
zdravotne nezdvadnd, netavi sa, nereaguje s vodou.
Sirok6 aplika6n6 oblasti zahriaju Sportov6 odevy, po-
tdpacsk6 skafandre, priknivky, koberce na vyhrievan6
podlahy, prikqlivky pre kone, potahovky do dopravnyich
prostriedkov, vyhrievacie pruky pre priemyselne pouZi-
t ie a pod.

Technol69ia Softswitch meni intel igentn6 odevy
z fikcie na skutocnost'
TECHNICAL TEXTILES, 9, 2000, d. 7, s. 18-19

,,lnteligentn6" textilie a odevy so zabudovanou elek-
tronikou a pocltacmi uZ nie s[ vliplodom fantdzie auto-
rov science fiction. Kldvesnice a diselniky zabudovan6
do odevov umoZnia vytukat telef6nne 6[slo, napisat
sprdvu, rozsvietit svetlo, zapn0t prehrdvad alebo tele-
vrzor. Softswitch vyvinuli dve novoz6landsk6 textiln6
0stavy v spoluprdci s britskou elektronickou firmou Pe-
ratech Ltd., ktord doddva elasto-rezistentn6 polym6ry
s unikdtnymi elektroniclgimi vlastnostami. Tdto techno-
logia je kompatibilna s textiliou akejkolVek kon5trukcie
z aloichkolVek materidlov. Textilia sa moZe prat a o5et-
rovat ako beZn6 textilie. Dotykov6 senzory je moZn6 za-
budovat aj do cal0nen6ho nabytku, do kobercov, hra-
diek, tapiet a podobne.

Pre6o priemysel prech6dza natechnol6giu lamin6-
cie suchfm teplom?
TECHNICAL TEXTILES, 9, 2000, 6. 7, s. 21-24

Pri termickom spdjanldvoch alebo viacenich substrd-
tov sa pouZrvajf such6 lepidla a relativne nfzke teplo-
ty. Tdto technol6gia je na rozdiel od tradidnyich postu-
pov vfhodnA z ekologick6ho hl 'adiska, okrem toho
prind5a znadn6 0spory energie. UmoZiuje vyrdbat pev-
n6 a trvanliv6 textiln6 lamindty vhodn6 pre rozne apli-
kadn6 oblasti, najmd pre automobiloui priemysel, Spor-
tor4i tovar, bytov0 oblast. PouZivan6lepidld majf formu

241



prd5ku, folie alebo adh6zneho runa na bdze termoplas-
t ickfch zl06enfn. Nizka teplota lamindcie umoZiuje
spracovdvat aj materi6ly cit l iv6 na teplo. Povodnyi
vzhl'ad materidlu zostdva po lamindcii zachovanf.

Polym6rne vldkna nov6ho mil6nia pre n6ro6n6 ap-
lik6cie
TECHNICAL TEXTILES, 9, 2000, 6. 7, s. 29-31

Novinkou pre nadchadzaluce tis[crocie su tzv. ,,bio re-
levantne" vldkna so Strukt0rou zhodnou s vldknami bio-
logichich syst6mov. Uplatnenie maju najmd v medici-
ne.  Si rok6 moZnost i  pouZi t ia  maj0 vodiv6 v ldkna.
VyuZfvaj[ sa vo vyhrievacich prvkoch, v elektrickyich
kontaktoch, na tienenie EMl, elimindciu statick6ho nd-
boja. Zakladn'fmi typmi s0 kovov6 vldkna a chemicky
modifikovan6 organick6 verzie obsahujrice vodivli po-
lym6r. Novinkou sti mono a multifi lamenty s vysokou
vodivostou na bAze polyanilfnu vyvinut6 pracovnikmi
Univerzity Durham, V.B. Progresfvnou technol6giou je
elektrostatick6 zvldkiovan i e polym6 ru. Touto proble m a-
tikou sa zaoberaj0 na University of Massachusetts.

Pouiitie polypropyl6nu v technickfch textili6ch
TECHNICAL TEXTILES, 9, 2000, d. 7, s. 32-34

Ce I kovd ui roba polypropyl6novfch textil i i predstavuj e
takmer 5 milionov ton/rok a rodn6 sa zvy5uje o 6-7 %.
PP je druh6 najpouZivanej5ie vldkno na svete s 35 %-
nyim podielom na trhu syntetickfch vldkien v Europe.
Zdokonalenie vlastnostf netkanfch textfli i z PP vldkien
umoZfiuje novli katalyzdtoro4i syst6m na bAze Zivlrc
Moplen Ultra. Zavedenie mal6ho mnoZstva modifikova-
nfch dendritickych polym6rov do hlavn6ho polym6ru
zlep5uje vyf arbitel nost polypropyl6n u. Spolodnost Aeg is
/US/V pouZfva na antibakteridlnu Ipravu polypropyl6no-
vfch textflif reaktlvny organofunkcnyi sildn firmy Dow
Corning. Uprava zabranuje mnoZeniu mikroorganizmov,
chrdni pred mikrobmi spdsobujricimi z6pach, Skvrny
a po5kodenie tkanfch a netkanfch textflil, uiplnkonich
materidlov aj textilii povrstuenyich uretdnom.

Textilie, ktor6 chr6nia pred slnecnfm iiarenim
TECHNICAL TEXTILES, 9, 2000,6. 8, s. 15-17

Textflie moZu do zna6nej miery chrdnit pred slnednfm
Ziarenlm v zdvislosti od materidlu a konStrukcie textilie.
Trito ochranu je moZn6 d'alej optimalizovat vfberom
vhodn6ho typu vldkna, Struktury textflie a fpravy. eim
je textflia hustej5ia, gim poskytuje lep5iu ochranu. Pri tej
istej Strukt0re sa ochrannli faktor zvy5uje s hr0bkou ale-
bo hmotnostou textilie. Ochrann;i faktor je vy55i v prf-
pade tmav5ich farieb a podstatne klesd u mokr6ho ode-
vu. Absorpciu UV Ziarenia textf l iou je moZn6 zvf5it
aplikdciou Specidlnych 0prav, napr. Rayosan firmy Cla-
riant. Ochrannyi faktor textilie sa v Europe sk05a podl'a
normy UV Standard 801, okrem toho existujri pre sk[-
Sanie tohto parametra aj austrdlske normy. Na strojoch
Sulzer sa tkaj0 textilie, ktor6 chrdnia pred nadmernfm
slnecnyim Ziarenlm aj polhohospoddrske plodiny.
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Citrus, altius, fortius - rlichlej5ie, vy5Sie, silnej5ie
TECHNICAL TEXTILES, 9, 2000, d. 8, s. 2+27

O uihre 6i prehre Sportovcov na OH v Sydney rozho-
dovalitisiciny sekundy. K vynikajucim r4ikonom plavcov
prispeli aj Specialne celotelov6 odevy Aquablade firmy
Speedo, ktor6 pomdhajf prekondvat odpor vody. Pri W-
voj i  Specidlneho odevu Fastskin sa odbornfci f i rmy
Speedo v spoluprdci s odbornlkmi z oblasti biomecha-
niky in5pirovali povrchom koZe Zraloka, ktord je pokry-
td koZnfmi zubkovitfmi vfrastkami plniacimi funkciu
alqichsi spojlerov. Odev je vyrobenf s vySSim podielom
elastanu ako tradicn6 plaveck6 0bory. Elastan reduku-
je vibrdcie svalov a umoZiuje zvyi5it r4ikon Sportovca.
Odev poslqrtuje komfort nosenia a dokonal0 volhost po-
hybu. PouZitie Specidlnych odevov bolo olympijskrim r4i-
borom povolen6, pretoZe sfce pomahajf efektivnej5ie
vyuZit aktfvne sily, av5ak na rozdiel od dopingu nepris-
pievajf k ich tvorbe.

Firma Sandler uvfldza na trh netkan6 textilie pre
z6hradnictvo a filtr6ciu
TECHNICAL TEXTILES, 9, 2OOO, 6. 9, S. 6

Firma Sandler Nonwovens uvddza na trh netkanf tex-
tiliu Sawagrow@ urcen0 na kultivdciu zeleniny bez pouZi-
tia pody. Jednoducho sa aplikuje, je zdravotne nezdvad-
na, s jej kultivaciou nie s0 probl6my. Netkan6 textllie
Sawascreen@ s0 vyroben6 postupom mel t -b lown.
PouZivaju sa na filtracn6 fcely. MoZu mat antimikrobial-
nu fpravu, su odoln6 voci chemikal idm. Na v; irobu
truanlivfch jemnfch vrecouich filtrov sa pouZlvajri mi-
moriadne jemn6 vldkna, ktor6 zabezpeluju a2 90 %-n[
udinnost filtrdcie pri nizkej tlakovej strate.

Permanentn6 nehorl'av6 upravy pletenfch bavlne-
nfch textili i
TECHNICAL TEXTILES, 9, 2000, d. 9, s. 7-10

Nehorl'avd Iprava ovplyvnuje mechanick6 vlastnosti
pletenfch bavlnenfch textrlii. Prostriedky pre permanen-
tnu nehorl 'avf upravu celulozovfch materidlov bud'
reaguju s povrchom textflie, sri na nej fyzicky prltomn6,
alebo s[ zabudovan6 do vl6kna. Modifikujti pyrolyizu
a mechanizmus horenia.  Autor i  pr fspevku vykonal i
skti5ky dvoch vzoriek upravenfch pletenfch bavlne-
nyich textfli i a porovndvali ich mechanick6 vlastnosti
s vlastnostami neupraven;ich vzoriek. Ziskan6 vlisled-
ky sveddia len o nevyraznfch zmendch tahor4ich a pev-
nostnlich charakteristfk. Vliraznej5f vplyv mala 0prava
na hustotu textilie a pevnost strihu. Textilia nadobudla
tuhost, ktor0 sa nepodarilo celkom upravit ani opako-
vanou aplikdciou zmdkcovacieho prfpravku. Eliminovat
neZiad[ce 0cinky nehorl'avej Ipravy by mali alternatlv-
ne postupy dodatocn6ho spracovania.

Perseverance Mills - vfrobca textili i bud0cnosti
TECHNICAL TEXTILES, 9, 2000, d. 9, s. 25-27

Firma Perseverance Mills vyvinula textiliu z nekonec-
nfch polyamidor4ich vldkien nazvan0 Equilibrium. Ne-
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prepu5ta vietor, je hydrofobna, ale pritom priedy5n6.
UmoZfiuje vol'nf pohyb a poskytuje komfort nosenia.
Navy5e chrdni pred ultrafialo4im Ziarenlm. Vyrdbajf sa
z nej Sportov6 odevy. Sortiment modernfch klimaticky
aktfvnych textilii firmy Perseverance obohatili tieZ ma-
teridly Globetrotter a Perform X (120-225 g/m2) s [ah-
kou 0drZbou. Tieto textilie odpudzuj0 aj hmyz. Firma
Perseverance vyrdba d'alej spacie vaky s vfbornfmi
izoladnfmi vlastnostami, u ktoryich nedochddzak pre-
nikaniu uiplne cez vrchnf materidl ani cez pod5ivku.

Moinost'vyuiitia vl6kien z kyseliny mliednej v tech-
nickfch textili6ch
TECHNICAL TEXTILES, 9, 2000, d.10, s. 1 1-13

Vfborn6 fyzikdlne vlastnosti, l'ahke spracovatelnnost
a pokrok dosiahnuhi v oblasti uiroby vldkien z kyseliny
mliednej predurduju tieto vldkna pre rozmanit6 technick6
i hygienick6 aplikdcie. lch najvdc5im vfrobcom na svete
je firma Cargill Dow Polymers, USA. Charakteristickou
vlastnostou kyseliny mliecnej je schopnost existovat
v niektorej z dvoch opticky aktivnych foriem, 6o umoZ-
nuje vyrdbat polym6ry s r6znymi pomermi izom6rov
a molekulonimi hmotnostami. Vldkna su vhodn6 napr.
na nirobu potahoviek do automobilov, filtracnfch m6-
dils vysokou udinnostou pri filtrdcii kvapalin a plynov.
Vldkna v sebe spajaj0 uihody prfrodnfch a syntetichich
vldkien a textilie z nich sa po skondeniZivotnosti I'ahko
likvidujri. Zdrojom dextrozy potrebnej na rnirobu vldkien
su obilniny.

Web-Flex-AX - antialergick6 textilia firmy Web Dy-
namics
TECHNICAL TEXTILES, 9, 2OOO, 6.10, S. 21

Textilia Web Flex-AX firmy Web Dynamics posobi ako
bari6ra zabranuj0ca prenikaniu castfc viic5ich ako 0,5
mikrometrov. ZArovefi prep05ta vzduch a paru. Je
vhodnd na rnirobu potahov na vank05e a paplony za-
branuj0cich prenikaniu alerg6nov, pritomnfch napr. vo
vfkaloch roztodov, ktor6 spdsobujf astmu, ekz6my,z6-
paly nosnfch sliznic a pod. Textilia je vyrobend z jem-
nfch vldkien. Tajomstuom jej fspechu je priemyselnf
syst6m ,,vymeny vzduchu" - kombindcia priepustnosti
pary a vzduchu. Priepustnost pary napomdha odvddzat
vlhkost a priedy5nost zabepecuje tepelnf rovnovdhu
potrebnri pre lep5f komfort.

Prfrudka priemyslu technickfch textilii pre rok 2001
TECHNICAL TEXTILES, 9, 2000, c.10, s. 26-93

Adresdr firiem posobiacich v oblasti technickrich tex-
tilif ma dve dasti - abecedny zoznam organizdcii a re-
gister 4irobkov a sluZieb, ktor6 tieto organizdcie pon[-
kaj0. U kaZdejfirmy je uvedeny n6zov, adresa, telef6n,
fax a *mail, kontaktn6 zodpovedn6 osoby a kratky po-
pis hlavnyich cinnosti. Register je rozdelenf do viace-
nich 6asti podl'a vfrobkov a ponfkanlich sluZieb. Prie-
beZne aktualizovanf zoznam firiem je k dispozfcii na
internetovej strdnke www.technical-textiles,net.
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Farbenie a uprava - d6leiitd sfcasf vfroby vlny
TEKSTILNAJA PROMYSTETruOSi, 2OOO, 6. 1, S. 17-18

Po krdtkom prehl'ade historie farbenia a 0prav v ZSSR
autor pribliZuje sucasn6 uisledky laboratorif OAD NPK
,,CNll Serst": vyvoj novlich farbfv a TPP, technologii6is-
tenia odpadouich vOd a ich zavAdzanie vo farbiarskych
a 0pravarenskfch prevddzkach, v{voj technol6gii bio-
cidnych a fungicfdnych 0prav vlnenfch tkanln a vfrob-
kov, 0prav vlny nlzkoteplotnou plazmou, vWoj nehorl'a-
Wch materidlov na Speci6lne ochrann6 odevy, filtrov
a infch technic$ich textllif, netkanfch materidlov Sipron
a Vazopron pre ruskyi automobiloui priemysel. Dal5ie
prdce boli zameran6 na optimalizdciu recept0r farbenia
vldkennyich materidlov zmesamifarbiv s vyuZitim poci-
tadornich technologii. Bol vypracovanf optimalizovanf
balfk programov objektivnej kolorimetrie zahfnajtici kon-
trolu kvality vyfarbenia a unikdtnu databdzu farbiv.

NITC: na ceste modernjzdcie pristroiov a zariadenl
TEKSTILNAJA PROMYSIENNOST,2OO0,6. 1, s. 20

Ustav OAO NPK,,CNll Sersf'vyvinul laborat6rny pris-
troj na farbenie vzoriek textilnfch materidlov vo forme
priadze alebo tkanln. Zariadenie Mikrotor ,M" je ur6e-
n6 na pripravu tenkfch rovnomernfch priecnych rezov
prfrodnfch a syntetichich vldkien a priadzl Pre labora-
torne podmienky bol vyvinuhi tieZ prlstroj TK-1 na sta-
novenie hr0bky podlahovfch krytin (skri5ka podl'a
GOST 418-70). Krcivost vlnenfch a zmesovlich tkanfn
podl'a GOST 181 1 7-80 sa stanovuje na prfstroji PTS-2.
NoW pristroj skon5truoval fstav pre vlastn0 metodiku
merania oderu tkanin v ohybe. Tento ustav dalej pon0-
ka prfstroj na stanovenie stdlosti vyfarbenia v treni, po-
te, destilovanej a morskej vode.

Z6vislosf antimikrobi6lnych vlastnosti textilnfch
materi6lov od charakteru rozloienia pripravkov na
vl6kne
TEKSTILNAJA PROMYSLENNOSi, 2OOO, d. 1, S.2h3O

Cielbm prdce bolo Stridium mechanizmu vplyvu pra-
cich prostriedkov a farbiv na antibakteridlne vlastnosti
textilnfch materidlov. Textflie vyroben6 zo zmesi vlna/
kapron/lavsan boli impregnovan6 zmesou pracich pros-
triedkov Sulfonol NP-3 a Perocell WOLF p-100. Tieto
textllie zfskali antibakteridlne vlastnosti v d6sledku od-
delbvania povrchovoaktivnych ldtok z povrchu vldkien.
Vyraznf fungicfdne vlastnosti pozorovane tieZ u textilii
impregnovanfmi roztokmi vybranfch farblv vysvetl'uje
autor difriziou pouZitich zl06enfn z textiln6ho materid-
lu. Mechanizmus pdsobenia vyfarbenfch opravnfch
vzoriek materidlu je podmienenf qytuorenlm bari6ry na
vonkaj5om povrchu vldkien, ktord brdni mnoZeniu mik-
roorganizmov.

Enzymatick6 pranie potladenfch tkanin pri nizkej
teplote
TEKSTILNAJA PROMySLENNOSI, 2000, d. 2, s. 17-19

Autori prlspevku Studovali moZnosti vyuZitia enzyma-
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tickyich prostriedkov domdcej vfroby s amylolytickou
aktivitou pri pranibavlnenfch tkanin potlacenfch reak-
tlvnymi farbivami. Ako enzymatick6 prostriedky pouZili
netoxick6 produkty bakteridlneho a mykotick6ho cha-
rakteru podliehaj0ce biologick6mu rozkladu. Sledovali
sa zdvislosti efektfvnosti odstrdnenia Skrobovo-meta-
kremiditanovej zdhustky z textiln6ho materidlu pri 16z-
nych teplotdch, ako aj zdvislosti stupna odstrdnenia
Skrobovej zdhustky od koncentrdcie enzfmu v pracov-
nom roztoku. Dosiahnut6 nisledky pomohli privypraco-
vani raciondlneho technologick6ho reZimu prania potla-
cenfch tkanfn so zlep5enfm stdlostivyfarbenia pri otere
za mokra a 0sporami elektrickej energie potrebnej na
ohrev tech nolog ickej vody.

P rojektovan ie vpichovanfch netkanfch materi6lov
z polym6rnych vldkien
TEKSTILNAJA PROMYSLENNOSi, 2OOO, 6. 2, S. 2HO

Sirok6 moZnosti aplikdcie vpichovanlich textfliizo syn-
teticlqich vldkien v banictve, cestnom stavitelstue, me-
talurgii, chemickom priemysle alebo v polhohospoddr-
stue vyZaduj0 pestqi sortiment materidlov s optickfmi
Strukturdlnymi, geometriclcymi a pevnostnfmi paramet-
rami. Autori prlspevku projektovali tieto materidly s vy-
uZitim te6rie pldnovania experimentu. Za premenn6
zvolili typ ihly, plo5n0 hustotu vldkennejvrstvy a hustotu
vpichovania na vpichovanom stroji lM-1800. Metodika
projektovania netkanfch materidlov s vyuZitim pocftaco-
v6ho programu optimalizdcie umoZnila projektovat vpi-
chovan6 textilie zo sy ntetickfch vldkien 0,1-0,5 tex
s dlZkou 50.10-3-100.10-3 m a plo5nou hustotou 0,1$-
0,55 kg/m2.

Textiln6 ch6mia: z 20. do 21. storodia
TEKSTTLNAJA ?ROMySLEwwOSr, 2000, d.4, s. 1+15

VWoj textilnej ch6mie v poslednlch 25 rokoch cha-
rakterizoval i ui razn6 kval itativn e a kvantitatfvne zmeny.
V najbliZ5om obdobi moZno v tejto oblasti ocakdvat dhl-
Sie zavddzanie informadnfch technologii pri riadeniup-
ravdrenskfch procesov, vyuZfvanie g6nov6ho inZinier-
stva a klonovania pri vWoji prfrodnlich vldkien vysokej
kvality, mikrobiologie pri ziskavani rastlin s vysolqim ob-
sahom pigmentov vhodnfch na vfrobu nonich prirod-
nfch farbfv. Pokradovat bude vyvoj bezpecnfch a eko-
logicky vhodnfch textilnfch materidlov. Dal5ie vyuZitie
zaznamenaj[ TPP nab1ze enzfmov. Perspektfvne su
biotechnologie a technol6gie 0prav na princfpe plazmy.
Recept0ry fprav sa budu optimalizovat z ekologick6ho
ajekonomick6ho hl'adiska. Predpovedd sa Sir5ie vyuZi-
tie kombinovanyich technologii dodavaj0cich textiliam
celf komplex vlastnosti.

Roz5irenie sortimentu priadzi s vyuiitim kr6tkeho
lanov6ho vl6kna
TEKSTILNAJA PROMYSTTTruOSi, 2OOO, d.4, S. 3H1

Jednfm z aktudlnych trendov pri roz5irovanl sorti-
mentu priadzl s vyuZitlm krdtkeho lhnov6ho vlakna je
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zni2enie linedrnej hustoty priadze. Autorky prfspevku
pouZili krdtke lanov6 vldkno spracovan6 v Nesvizskom
Inozavode na zariadenifirmy Laroche a vyrobili z neho
skfSobnu partiu priadze 20 a25 tex zo zmesi viskoza/
l'an (80/20)a viskozall'anlPEs (66/1 7 117). Vykonan6
sk05ky fyzi kdl no-mechan i ckf ch a spracovatel s klich
vlastnost( priadzi potvrdili, Ze vyuZitie krdtkeho lhnov6-
ho vldkna umoZiuje roz5irit sortiment zmesovej priad-
ze poladovanej kvality za predpokladu znileniajej li-
nedrnej hustoty na 18,5 tex.

Laroche kotonizuje bieloruskf I'an
TEKSTILNAJA PROMYSLENNOST,2000, d. 5, s. 39

Linka na kotonizaciu I'anov6ho vldkna franc0zskej fir-
my Laroche in5talovand v Nesvizskom landrskom zd-
vode v Bielorusku umoZiuje vyrabat kotonizovan6 vldk-
na s r6znymi kvalitatfvnymi parametrami podla ucelu ich
pouZitia. Kotonizovan6 lanov6 vldkno je vhodn6 na W-
robu zmesouich priadzf 25-50 tex pre d'alSie spraco-
vanie do tkanin, pletenin a pod. Linedrna hustota je 1-
0,8 tex, obsah pazderia a cudzfch dastic max.
0,5-1 ,5 o/0, obsah vldkien kratSlch ako 15 mm 2Gl8 %,
pevnost v tahu 27 cN/tex. Zl'anovfho vlAkna sa bude
vyrdbat 5i rolqi so rti m e nt novlich kon ku re nci escho p nyich
vjrobkov pre rOzne aplikacn6 oblasti.

Komplexotvorn6 l6tky pri prani surovej vlny
TENSIDE SURFACIANTS DETERGENTS, 37, 2QOO,
6.2, s. 127-130

NajvaidSia cast primesiobsiahnutd vo vlne sa odstrdni
podas prania surovejvlny. Na vldkennom materidli v5ak
aj nad'alej zostdvaj0 zvy5kov6 znecistenia. Tieto zne6is-
tenia ovplyvnuj0 nielen farbu vlny, ktorAmAvplyv na ce-
nu vlny, ale moZu sp6sobovat aj probl6my pri spraco-
v6van(. V prdci sa sleduje vplyv 0cinnosti
komplexotvornfch ldtok pri pranf surovej vlny a vlne-
nfch desancov, ktor6 boli upraven6 roztokmi FeClr.
Kom plexotvorn6 prostried ky pod poruj 0 uvo lhovan ie 5 pi -
ny pri pranf surovej vlny a vedf k bel5ej a cistej5ej vlne.
Najlep5ie efekty sa dosiahli pri pranf velmi znecistenej
vlny a pri pouZitf komplexotuornfch prostriedkov na bd-
ze alkylfosfondtov. Alkylpolyfosfondty, polyakryldty
s bodnfmi sacharidouimi skupinami, kyseliny karboxy-
lov6 a polyakrylaty sa preukdzali ako najefekjtivnejSie
pri pranisurovej vlny vzhladom na odstraiovanie ionov
Zeleza. Vlisledkom je zlep5en;i stupei belosti.

Redepozicia a stirnutie Spiny v textilnom prani
TENSIDE SU RFACIANTS DETERGENTS, 37, 2OOO,
6. 3, s. 184-186

V prdci sa sledovalvplyv doby zotrvania a simulova-
n6ho st6rnutia na redepozlciu. V stroji Linitest sa prala
textflia s testovacim znedistenlm pozostdvaj0ceho z oxi-
duZeleza, kremeia a zmesituk/olej. Ukdzalo sa, Ze re-
depozicia na zmesi polyester/bavlna a polyesterornich
pletenindch st0pa so zvdc5uj0cou sa dobou zotrvania
znedistenf v pracom roztoku. Redepozfcia sa zvdd5ido-
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datodnou agitdciou Spina4ich praclch roztokov. Z toho
moZno usfdit, Ze efekty stdrnutia sa vyslrytuju pri znedis-
teniach a vo 4Traznej miere ovplyvnujf redepoziciu.

Antimikrobi6lne vlastnosti bieliacich prostriedkov
TENSIDE SURFACIANTS DETERGENTS, 37, 2OOO,
d. 4, s. 230-235

Tepelnd inaktivdcia mikroorganizmov pocas prania pri
nlzkych teplotdch (30-40 den) sa musi kompenzovat
pridanfm ldtok s antimikrobiSlnym tcinkom. Cielbm prd-
ce bolo zistit, ci bieliacimi syst6mami sa dosiahne re-
dukcia mikroorganizmov. Sledoval sa aj vplyv hodnoty
pH.V prevddzko4ich pokusoch sa zistilo, Ze pouZitfm
bieliacich syst6mov je moZn6 usmrtit bakt6rie (E.coli,
Entc.faecium) pocas prania pri nizkych teplotdch.

Nov6 vfrobky obsahuj0 nehorlhv6 vldkna
TEXTILE WORLD, 150,2000, d. 1 , s. 16

Jednfm zo Specidlnych polyesteronich nirobkov fir-
my KoSa je nehorl'av6 vldkno AVORA FR. Textflidm po-
u2ivanyich v hoteloch, dopravnfch prostriedkoch, zdra-
votnfckych zariadeniach a bytor4ich interi6roch doddva
komfort, luxusn;i vzhlhd a predov5etlaim vysoky stupen
ochrany voci poZiaru. Z vldkna AVORA FR sa vyrdba-
jI zdvesy, vank05e, postel'ne priknivky, ndbytkov6 po-
tahovky a pod.

Vfrobca polym6rov predstavuje vl6kna vyroben6
z obi l ia
TEXTILE WORLD , 1 50, 2000, 6. 2, s. 76-79

Obilie je zdkladnou zloZkou pouZlvanou pri uirobe no-
v6ho radu polym6rov Nature Works Pl-A spolocnosti
CARGILL DOW POLYMERS. Tato firma vyvinula tech-
nologiu extrakcie prfrodn6ho rastlinn6ho cukru z obilia.
Fermentdciou dextrozy vznikd kyselina mliedna, z kto-
rej sa po destildcii a odstrdnenivody vpera polylakti-
dovy polym6r ajz ryZe, kukurice, pol'nohospoddrskeho
odpadu, z akfchkolVek celulozor4ich produktov. Poly-
m6ry Nature Works PLA su ekologicky vhodnfm vfrob-
kom. Vyrabaj0 sa z obnovitel'nfch surovinovfch zdro-
jov.  V lakno z tohto polym6ru je  vhodn6 na vyrobu
Sirok6ho sortimentu tkanyich a netkanfch vlirobkov
s uibornyimi vlastnostami a vel'mi dobrou vyfarbitelhos-
tou najmd disperznfmi farbivami.

E lektrostatickf od lu6ovad f i rmy Crol l-Reynolds
TEXTILE WORLD, 1 50, 2000, e. 4, s. 59-61

Probl6m odstranovania submikroskopickfch dastic
olejov a povrchovoaktfvnych prostriedkov, ktor6 sa kon-
denzuj0 pri spracovanivlasoWch priadzi, rie5ia pracky
plynu len diastodne. Na odstrafiovanie \ichto castic in-
Stalovala firma Croll-Reynolds ricinnf elektrostatichi od-
lucovad vyuZivajfci koronovyi uiboj. Technologia odlu-
dovania pozostdva z troch krokov: nabi janie
znecistujucich dastfc, ich zber na zbernom povrchu
a distenie zbern6ho povrchu. Zachyten6 dastice olejov
a povrchovoakt[vnych l6tok je moZn6 regenerovat, dlm
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sa zniZuje zataZenie odpadovej vody. Ak sa vracia do
procesu, dochddza k 0spordm spotreby distej vody.

Goulston Technologies: Antimikrobi6lna 0prava-
ochrana pred mikrobmi
TEXTILE WORLD, 150,2000, e. 4, s. 70-71

LUROL AMS firmy Goulston je apl ikacnf syst6m
vyuZivaj 0ci tech nologi u pojen ia anti m i krobidl neho pros-
triedku na povrch upravovan6ho substrdtu. Nanesen6
nemigrujuce samopolymerizuj[ce molekuly zabrahuj0
mnoZeniu mikrobov a bakt6rii a zachovavajf si dlhodo-
b0 f6innost. Nie su nebepedn6 pre I'udskf organizmus
a su preto vhodn6 aj na 0pravu odevov prichddzajucich
do styku s pokoZkou (ponolky, zdravotnlcke vfrobky
a pod.). Druhou alternatfvou je nand5anie migrujridch
antimikrobidlnych syst6mov na bdze organickrich a or-
ganokovovfch zl0denin, ktor6 zabijaju mikr6by. lch
0cinnost je obmedzend a klesd najmd v dOsledku pra-
nia.

Textilie a protipoZiarna ochrana - sudasnost'a per-
spektivy
TEXTILVEREDLUIVG,35, 2000, c. 5/6, s. 10-14

Zdkonnf predpisy pre horlavost textflii sa v r6znych
europskych a svetovfch krajindch vyvfjali rozdielne.
Predpisy a met6dy na skr,r5anie horlhvosti textiliIsa in-
ternacionalizuj0. ISO a EN normy celoplo5ne nahrddza-
j[ beZn6 ndrodn6 normy. Platf to najmd pre stavebnic-
tvo a pre kol'ajov6 vozidld. Prechod k harmonizovanfm
postupom prind5a nove poZiadavky na textilie, a tyim aj
dodatocn6 ndklady na sk0Sky.

Speci6lna bezformaldehydov6 fprava pomocou po-
lykarboxylovfch kysel in
TEXTILVEREDLUNG,35, 2000, c. 5/6, s. 16-21

V textilnom priemysle sa intenzfvne hladaj0 bezfor-
maldehydov6 alternatlvy. Polykarboxylov6 kyseliny s0
sl'ubnou ndhradou formaldehydonich sietovacich pros-
tri ed kov na bAze N -metylolovf ch zl 0 cen fn. N ajef ektiv-
nejSi zo5l'achtovaci syst6m pozostAva z kyseliny butdn-
tetrakarboxylovej v kombindcii s fosfindtom sodnfm ako
katalyzdtorom.

Hygienicky u6inn6 priadze pouZitfm chitosanovfch
vl6kien
TEXTILVEREDLUNG,35, 2000, e.718, s. 10-14

V prispevku je uveden6, 2e pouZitim chitosanovfch
vldkien s antimikrobidlnym 0cinkom sa zlskaj0 toxiko-
logicky nezdvadn6 hygienick6 textiln6 materidly. Zme-
sov6 priadze vyroben6 z chitosanoqich a bavlnenfch
vldkien s[ vhodn6 na vfrobu prilieharryich textili i a po-
noZiek. Na dosiahnutie hygienickej ucinnosti priadze
stacf pridat do zmesi 1O % chitosanoWch vldkien. Uci-
nok aj po viac nel 20 praniach.

Nov6 permanentn6 hydrof6bna uprava
TEXTILVEREDLUNG, 35, 2000, c. 7 18,s.1 6-1 8
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Overuje sa novd met6da na hydrofobnu 0pravu tex-
tilnfch materidlov. Truald fixdcia (odolnd v prani) mole-
kril s hydrofilnlimi koncovfmi skupinami a hydrof6bnou
molekulovou dastou (bolaamfifily) je moZnd na rdznych
vldkennfch materidloch. Toto vedie k hydrofobizdcii po-
vrchu vldkien. Prftomnost bolaamfifilov na povrchu vld-
kien nemd vplyv na priepustnost vodnlch par u tkanfn.

Stanovenie odolnosti texti l i i  proti mikroorganiz-
mom
TEXTILVEREDLUNG, 35, 2000, e. 7 18,s. 1 9-20

V technickom uibore 248 CEN vypracovala pracov-
n6 skupina 13 tri normy (resp. 3 ndvrhy noriem) na sta-
novenie odolnosti celulozovlich textflii vo6i mikrobidlne-
mu vplyvu, ako aj na dOkaz 0cinnosti antimikrobialnej
alebo antimykotickej 0pravy textilif. Sri urden6 pre prie-
myseln6 a hygienicke ticely. Vyisledky kruhouich textov
budu zverejnene v bllzkej buducnosti.

Transmisn6 funkcie architektonickfch textilii ch16-
niacich pred slnkom
TEXTILVEREDLUNG, 35, 2000, c.718, s.21-29

Slnecn6 Ziarenie sa dostalo do pozornosti dvoma pro-
tikladnfmi hl'adiskami: - soldrnou euforiou (vyuZivanie
slnednej energie) a soldrnou hyst6riou (ochrana pred
slnkom). Na jednejstrane slnko ako zdroj pozitlvnej bez-
platnej energie v technic$ich aplikacidch, na strane dru-
hej negatfvny vplyv slnedndho Ziarenia na pokoZku
a biologick6 materidly. Ktord ochrana pred slnkom je
lep5ia, ahi materidl je naj06innej5i, je vonkaj5ia alebo
vn0tornd ochrana pred slnkom vhodnej5ia? Olazky
zaujlmav6 nielen pre architektov. Krit6ria 06innosti po-
uZityich materidlov sri uveden6 v norme WschVO
a umoZiuji orientadnd porovndvanie. Podrobne je ro-
zobran6 otdzka perspektfvneho merania a normovania
transmisnfch funkcii textilif chrdniacich pred slnkom.

H1 - technologia Sikm6ho vpichovania!
yLIESSTOFFE/TECH.TEXT| Lt EN, 46, 2000, 6. 1,
s.22-24

V dldnku je uvedenf princip technol6gie Sikm6ho vpi-
chovania H-1, ktoryi spodiva v tom, Ze lep5ie vlastnosti
r[na sa dosiahnu prenikanlm ihiel pod kosfm uhlom.
Vfhody novejtechnologie: lep5ia spdtnd orientdcia vld-
kien, lep5ie previazanie vldkien neZ pri plochom vpicho-
vanf, izotr6pne vlastnosti r0na sa jednoduch5ie dosiah-
nu v z6ne H1, u viacvrstvovjch rfn sa dosiahne lep5ie
spojenie jednotlinich vrstiev, vySSie hodnoty pevnosti.
Uveden6 s0 uisledky skti5ok uskutocnen6 s automo-
bilouimi kobercami, geotextiliami a syntetickou koZou.

Novf sposob mykania
VL|ESSTO FFE/TECH.TEXTILIEN,46,2000, 6. 1 , s. 5g

Jemn6 r0nov6 uirobky pre zdravotnictvo a hygienic-
ky priemysel sa 6asto spevnujf prudom vody. Upred-
nostnuj0 sa r0na s ndhodnou orientdciou vldkien a vy-
rovnanfm pomerom pevnosti. Rfna sa vyrdbaj0 na
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Specidlnych mykacich strojoch nemeckej firmy Spin-
nbau. Hmotnost rrina sa pohybuje od 20-250 g/m2. Do-
siahnut6 vfkony stroja aZ do (200 kg/h/m) zdvisia od
jemnosti a Vpu vldkien. Pracovnd Slrka stroja max. 4 m.

Nove vldkna na balisticku ochranu
ytlEssro FFE/TECH.TEXTILIEN,46,2000, 6. 1 , s. 58

Holandskd firma DSM High Performance Fibres pred-
stavuje dva nov6 vjrobky na balisticku ochranu: ,,Dy-
neema UD SB 31"(na miiklqi ochrannf odev, ako ne-
priestreln6 vesty) a,,Dyneema UD HB 25" (na tvrd[
balisticku ochranu, napr. prilby a pancierovanie vozi-
diel). Dyneema pozostdva z vldkien Specidlne vyvinu-
hich na balistick6 06ely.

Plsten6 podkladovka pre koberce preifva renesan-
c iu
ytlESSfO FFE/TECH.TEXTILIEN,46,2000, c. 1 , s. 59

Velki anglicki a europski uirobcovia kobercov majf
zdujem o plsten6 podkladovky z chemiclgich a syntetic-
krich vlakien, ak obsahujrj 20 o/o vldkna Permafresh. An-
tibakteridlne a fungicfdne vlastnosti znamenajri koniec
hnitiu. Plst si zachovdva podas celej doby Zivotnosti
svieZost a nezapAcha. Vy55iu objemnost kobercov
s plstenou podkladovkou md vplyv na ich vySSiu hod-
notu a jednoduch6 kladenie kobercov je d'alSim atrak-
tfvnym faktorom,

Statickd a antibakteridlna ochrana pre filtr6ciu ply-
nov
VLIESSTOFFE/TECH.TEXT|LIEN, 46,2000, d. 1 ,
s. 59

Firma R-Stat predstavila na nistave Techtextil 99 no-
v6 mul t i funkcn6 v ldkno na f i l t ra6n6 m6dia.  V ldkno
,,R.StaVP" je z vysokopevn6ho polyesteru s integrova-
nou vrstvou sulfidu medi, ktord je chemicky naviazand
na polyester. Vldkno ma vysokri vodivost, vynikaj0ci,
permanentnf antibakteridlny 0cinok a textilnf charak-
ter. Je odolnyi proti vyS5fm teplotdm a kyselindm. Anti-
bakteridlne vlastnosti dosiahnut6 ionmi medi sa overo-
valiv ristave J. Pasteura. Antibakteridlne a antistatick6
vlastnosti sa dosiahnu pridanim 2 % vldkien ,,R.StaVP".

UspeSn6 antibakteri6lne vl6kno firmy Ptasticisers
yLlESSTOFFE/TECH.TEXTIL|EN, 46, 2000, d. 1,
s . 6 3

Nove antimikrobidlne vldkno,,Permafresh" so schop-
nostou nicit plesne a huby sa aplikuje do rOznych no-
Wch qirobkov. Na trhu je uZ niekolko znadiek kobercov
a kobercoWch obkladadiek, ktor6 pon0kaju spotrebite-
lbvi vySSiu urovei hygieny a svieZosti. Letka sa nena-
nd5a na povrch, ale sa inkorporuje do vl6kna. Efekt Per-
mafresh vydrll po celu dobu Zivotnosti kobercov. UZ
20 %-n! podiel Permafreshu zabezpeci permanentnu
ochranu plstenfch podloZiek z prirodnfch vldkien.
PouZivanlm vank05ov a prikniviek z antibakteridlneho
vldkna sa odstrdnili probl6my s roztodmi.
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Geotextflie aj nadhlej na vzostupe
yLlESSTOFFE/TECH.TEXTtLtEN , 46, 2000, e . 2,
s .  8-10

Vysokopevn6 a mdlo rozlaln6 geotextilie sil vdc5inou
tkan6 alebo pleten6. Ako suroviny sa pouZivaj0 hodvdb
alebo foliov6 priadze z vysokopevn6ho PET, polyetyle-
nu s vysokou hustotou a PP. Novinkou je aplikdcia ara-
midu a PVA. Aramidov6 tkaniny maj0 vysok6 pevnos-
ti, vel'mi nfuke krdtkodob6 roztaZnosti (2,5-g %),
zanedbatelh6 predfZenie prituarovanf a dobni stabilitu.
Tkaniny z PVA maju vysokd pevnosti v tahu, 5 %-nu
roztaZnost a malli sklon k predlZeniu pri tuarovani. Sri
stabiln6 ajv silno alkalickom prostredf. Ta2k6 (500g/m2)
vpichovan6 r0na zPP vldkien, s vysokou stdlostou al-
kaliach sa pouZfvaju pri 4istavbe ciest ako celop-lo5nd
vloZka medzi nosn0 vrstvu a betdnovf dlaZbu . Ta2k6
rfna sa pouZivaju aj na tlmenie otrasov pri kladenlko-
lhjnic v mestdch.

Alternativne vlasov6 materi6ly na mokru filtr6ciu
yLlESSTOFFE/TECH.TEXTILtEN , 46, 2000, d. 2,
s . 1 2 - 1 9

PouZit ie vlasovfch materidlov je alternatfvou
k doteraz pouZivanyim filtradnfm materidlom (tkanindm,

rtinovjm textflidm, plstiam). Vhodnou kon5trukciou vla-
souich tkanin plstenim sa dosiahne, ba dokonca prek-
roci efektivita filtrdcie beZnfch filtrov pri filtrdcii Dead
End. Kfm filter z vlasovejtkaniny sa dd bez probl6mov
vycistit na zdklade svojej stability, cistenie filtrov vlaso-
vej pleteniny je [speSn6 len vtedy, ak vlasoui riplet ma
dostatodn0 stabilitu. V rdmci niskumnej dinnosti v ITV
Denkendorf (lnstitut fur Textil- und Verfahrenstechnik)
vyvinuli filtracn6 m6dia, ktor6 st aplikovatelh6 na kva-
paln0 filtrdciu, pricom vlasovd vrstva pdsobf ako 0din-
nd filtracnd vrstua. Pri aplikacii vlasovlich materidlov na
mokr0 filtrdciu md rozhoduj0ci vfznam najmd orientd-
cia vlasornich vl6kien, zmddatelhost vlasonich vldkien.
Dal5im kri t6riom je prietokovf odpor medzi vlasom
a vlasovfm podkladom.

Pre publikovanie pripravita lng. Vateria eapekova,
VUTCH-CHEM\TEX spo/. s r. o. Zilina,

Slovenskd republika
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