Rocnik 12
2005

IS§N1335-061

Indexed in:

VOTCH Chemical
SNVERS, Abstracts,
o ‘(, Ee 0 vy
S | IEENENEN] ﬂ g
=N World Textile
P S Abstracts
-
CHEMITEX ™, <
¥ ' ,;,_ EMBASE

uniy,
ao%? ey,
g 2 g

Elsevier
Biohase

Elsevier
GeoAbstracts




Vldkna a Textil (3) 2005
Fibres and Textiles (3) 2005

CONTENTS
FIBRE-FORMING POLYMERS

98 Marcinéin A., Hricova M., Fedorko P., Olejnikova K.
Fibre forming electrically conductive polymer composites

104 Kristofi¢ M., Naciniakova Z., Legéri J., Ryba J.
Polypropylene fibres modified by copolyamides
Part |. Preparation of modifiers, modofied fibres and their
properties

111 Bolhova E. Ujhelyiova A., Strecka Z. Rusnak A.,Legeén J.

The influence of polyvinyl alcohol and nanoadditive on the

colouristic properties of modified polypropylene fibres
TESTING METHODS
116 Prousek, J., Vavrekova L.

Coagulant pretreatment and Fenton treatment of coloured
wastewotwrs from cotton dyeing containing one or mixture of
CIBACROM bifunctional reactive dyes: Yellow FN-2R, Red

FN3G, and Navy FN-B
REVIEW ARTICLES
121 Marcincin A.. Dolgos O.

Polymer (fibre forming) nanocoposites, preparation, structure

and properties

128 Mazikova V., Srokova .
Polymer tenside from revivable stuff

133 Balogova L., Sestak J.

Solar ultraviolet radiation and textiles providing protection

against its adverse effects
NEWS FROM DEPARTMENTS

138 Foliak M.
Harmful chemical comounds in textiles

142 Abstracts of students thesis defended at Department of textile
and clothing, FIT TnU Alexander Dubgek in Plchov after 5

year's graduate study in 2004/2005

Viakna a textil 12 {3) 97 (2005)

98

104

11

-

116

121

128

133

138

142

OBSAH
VLAKNOTVORNE POLYMERY

Marcinéin A., Hricova M., Fedorko P., Olejnikova K.
Viaknotvorné elektricky vodivé polymérne kompozity

Kristofi¢ M., Naciniakova Z., Legén J., Ryba J
Polypropylénové viakna modifikované kopolyamidmi

Cast |. Priprava modofikatorov, modifikované vldkna a ich
vlastnosti

Bolhova E.,Ujhelyiova A., Strecka Z.,Rusndk A.,Legéri J.
Vplyv polyvinylalkoholu a nanoaditiva na koloristické viastnosti
Madifikovanych polypropylénovych viakien

SKUSOBNE METODY

Prousek J., Vavrekova L.

Koagulaéna prediprava a pouZitie Fentonovej reakcie na
¢istenie farebnych odpadovych véd z farbenia baviny jednou
alebo zmesou CIBACRON bifunkénych reaktivnych farbiv:
Yellow FN-2R, Red FN-3G a Navy FN-B

PREHLADNE CLANKY

Marcingin A., Dolges O.
Polymérne (vlaknité) nanokompozity, priprava, struktdra
a vlastnosti

Mazikova V., Srokova .
Polymérne tenzidy z obnovitelnych surovin

Balogova L., Sesték J.

Sineéné UV Ziarenie a ochrana textiliami pred jeho negativnym
vplyvmi

Z VEDECKO-VYSKUMNYCH A VYVOJOVYCH PRA-
covisk

Pollak M.
Skodlivé chemické latky v textilidch

Suhrmy diplomovych prac na Katedre textilu a odievania, FPT
TnU A. D. so sidlom v Plchove v ramci inZinierskeho Stidia
v Skolskom roku 2004/2005



Vldknotvorné polyméry

Fibre-Forming Polymers

Fibre-forming electrically conductive polymer composites

Marcinéin A., Hricova, M., Fedorko P., Olejnikové K.

Slovak University of Technology in Bratislava, Faculty of Chemical and Food Technology,
Radlinského 9, 812 37 Bratisiava, Slovakia, e-mail: anton.marcincin@stuba.sk

The paper deals with the preparation conditions, rheological properties and electrical conduc-
tivity of fiber-forming polymer composites based on the poly(ethylene terephthalate) (PET) and
conductive carbon black pigment (Printex L6). Polymer composites were prepared in wide scale of
the pigment concentration (0-30 wt%) by original method for PET pigment concentrates for spun
dyed fibres. Capillary extrusiometer was used for the measurement of rheological properties. Direct
current electrical conductivity of the PET composites was measured by the standard four-contact
method at room temperature and the percolation threshold (critical concentration of pigment) was
evaluated. Correlations between rheological and electrical properties as well as effect of the se-
lected additives of composites on electrical conductivity are discussed. The PET composite fibres
were prepared by melt spinning up to 6 wt% of carbon black pigment. Electrical conductivity only

on the antistatic level was obtained.

1. Introduction

Electrically conductive polymer fibrous materials
have attracted much attention in the last decade, mainly
in connection with the development of new fibrous
materials for responsive and smart textiles. Conducting
fibres represent a group of special polymer materials
due to the anisotropy of their structure and mechanical
properties. They can be divided in to several groups
according to their nature: 1. inorganic fibres (metal,
ceramic, carbon); 2. organic fibres (based on organic
conductive polymers — polyacetylene, polyaniline and
polypyrrole, partially carbonised organic fibres); 3.
modified fibres (filled with conductive carbon pigments,
metal powders and conductive compounds); 4. fibres
coated by conducting layers (metal coated, coated
by conductive organic compounds and metal com-
pounds).

Mainly electrically conductive fibres based on com-
mon fibre-forming polymers are interesting for textile
application [1, 2]. From this point of view, the formula-
tion of the fibre-forming conductive composites is very
actual. The electrical conductivity of composites based
on a non-conductive polymer matrix and conductive
dispersed particles depends significantly on the ex-
istence of a continuous conducting path across the
sample (percolation effect). Further, it is determined by
the morphology of the filled polymer [3-5].

Conductive carbon black pigments, short carbon
microfibres and carbon nanotubes are the most often
used as the conductive dispersed phase in polymers
[6-9]. Some of these materials have been commer-
cialised during the last twenty years [10, 11]. The draw-
back of these usually high filled materials (15-40 wt%
of filler needed to obtain the required conductivity) is
their insufficient processing in spinning and a strong
decrease of their mechanical properties. The tenacity
of viscose fibres containing 30 wt% of carbon black pig-
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ment decreases to one half of the non-filled one. Poly-
propylene/carbon black (30 wi%) composites exhibit
two times higher Young modulus and about 25% de-
crease in the tensile strength. The elongation at break
decreases several times and the electrical conductivity
increases from 107'° S.cm™ (for unmodified PP) to 1
S.cm™'. At low concentration above the percolation
threshold, the electrical conductivity of filled polymers
increases rapidly with the concentration of the active
filler. When the full contact of the conductive particles is
achieved (at about 20-30 wt% of the filler), the increase
of the conductivity is significantly lower [2, 5].
Electrically conductive fibres based on common
fibre-forming polymers and conductive fillers appear in
periodic literature rarely. The first percolation threshold
(first critical concentration) corresponding to a sharp
decrease of the electrical resistivity to the antistatic
level has been found for 3 wit% of carbon black dis-
persion in PP and polyethyleneoctene (PoE) fibres
[2]. However, at higher pigment concentration a fibre
break occurred and the mechanical properties were
dramatically worsened. The melt viscosity increased
distinctly and the melt spinning was no longer pos-
sible. An acceptable spinning for PP/POE blends with
higher carbon black concentration (up to 12 wt%) was
obtained but only an antistatic level of conductivity of
the filled fibres was reached in this experiment.
There are several ways how to decrease the filler
concentration in the polymer matrix and to improve the
composite processing without loosing the mechanical
propetties and electrical conductivity. The conductivity
of filled polymers can be increased by the deformation
of the polymer (drawn fibres). Thermal treatment of
filled semicrystalline polymers leads also to significantly
higher electrical conductivity [12]. A positive influencz
on the conductivity has been found when a combirz-
tion of conductive additives (nanofiller and polyme-
used for modification of polymers [2, 13-16]. Condic-
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tive nanofillers represent very effective additives for
improvement of the composite conductivity. A very
interesting method consists in the control of the phase
structure of nanocomposites based on immiscible
polymer components and conductive nancfillers [17].
In any case, according to literature, there is no simple
way of manufacturing conductive fibres already in the
antistatic range by simply filling PP with carbon black,
because of insufficient spinnability and poor mechani-
cal properties of the fibres [2].

In this paper, the rheological properties and electri-
cal conductivity of poly(ethylene terephthalate) (PET)
and polypropylene (PP) filled with C.l. Pigment Black
7 (carbon black) are presented and the possibility of
their application in spinning of the conductive fibres is
discussed.

2. Experimental

Materials
Polymer: Polyethylene terephthalate LFK (PET),
(SH Senica a.s.)
Polypropylene Tatren HPF (PP),
(Slovnaft Co.)
Carbon black: Printex L-6, (Degussa Co.)
Additives: Polyester wax Licowax E (LIE),
(Clariant AG)
Poly(siloxane) additives Tegopren (Teg),
(Degussa Co.)
Polypropylene glycol and stearic acid
ester Slovacid 44P (S44P), (Sasol Co)
Silicone oil M-350, (Bayer Chemicals).

Preparation of the PET(PP)/carbon black composites

The PET (PP) concentrate dispersions (composites)
of the carbon black Printex L6 were prepared using
twin screw extruder Werner Pfleiderer ¢ = 28 mm at
280°C. First, the powders of the polymer and pigment
were mixed in a fluid mixer for 3 min. In the next step,
the powder mixture was melted, kneaded and extruded.
As a result, concentrate dispersions in a chips form,
containing 3—30 wt% of black pigment, were obtained.
Selected concentrates were subsequently mixed with
30 wt% of PP. Compatibilisers, which are used in
preparation of the PET/carbon black pigment concen-
trates for pigmenting of PET fibres in mass, were ap-
plied into the mixture to improve the interaction of the
pigment particles with PET matrix. The composition of
the PET(PP)/carbon black composites is given in the
Table 1.

Methods used

Rheological properties: The capillary rheoviscosim-
eter Gottfert with the extruder ¢ = 20 mm for the mea-
surement of the rheological properties of the polymer
pigment concentrate dispersions at 275°C was used.
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Table 1 Composition of the PET(PP)/Printex L6 composites

No PE[&IEFK PP [Izt]tren Eg‘n[tgox] Additives

1 96,5 - 3 0,5% M-350

2 83,5 - 6 0,5% M-350

3 89 - 10 1,0% M-350

4 83,5 - 15 1,5% M-350

5 78,5 B 20 1,5% M-350

6 73,5 - 25 1,5% M-350

7 68,5 - 30 1,5% M-350

8 67,6 30 2.1 0,3% M-350

9 65,5 30 4.2 0,3% M-350

10 62,3 30 7.0 0,7% M-350

11 58,5 30 10,5 1,0% M-350

12 55,0 30 14,0 1,0% M-350

13 51,5 30 17,5 1,0% M-350

14 48,0 30 21,0 1,0% M-350

15 81,3 - 15 0,7% M-350 3% LIE
16 77,3 - 15 0,7% M-350 7% Teg
17 77,3 - 15 0,7% M-350 7% S 44P
18 57,8 234 15 0,8% M-350 3% LIiE
18 53,8 234 15 0,8% M-350 7% Teg
20 53,8 234 15 0,8% M-350 7% S 44P

The pressure in front of the capillary and the extrudate
volume were evaluated for the calculation of the ba-
sic rheological parameters of the polymer composite
melt:

— viscosity n - from the Newton equation t = n.7

— power low index n — from the Ostwald de Waele

power law 1 = k.7
— agglomeration coefficient A — from the straight line

dependence log n = log n,, +A.t""
where © — shear stress (at the capillary wall), 7— shear
rate, k — coefficient, n,, — viscosity of the dispersion at
T — 00,

Electrical conductivity: For the electrical conductivity
measurements, the samples of polymer/carbon black
composites were extruded in form of strings using the
Plastometer at 275°C. The strings were cooled in water
and cut to the length approximately 10 cm. Direct cur-
rent electrical conductivity of the PET(PP) composite
strings was measured by the standard four-contact
method at room temperature. Four contacts were paint-
ed on the string with silver paint and gold wires were
pressed against them. Tesla Microvoltmeter-Picoam-
meter BM 545 and Metra Blansko Multimeter M1T
380 were used for the measurements of the electrical
current and voltage, respectively.

The conductivity was obtained from the relation:

G = (IU)x(dIS)

where: o — conductivity, /— current applied through the
outer contacts, U— voltage between the inner contacts,
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S — string cross section and d — distance between the
voltage contacts.
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Fig. 1 Four-contact method for the electrical conductivity measure-
ments, A—ammeter, V' — voltmeter, B — resistor

Results and discussion

Rheological properties of the polymer/solid particles
composites depend on the concentration of the filler
and on the size and distribution of the particles in the
polymer matrix. The electrical conductivity of polymers
filled with electrically conductive particles depends in
principle on the same variables. The size of the primary
particles of the carbon black pigment is of the nano-
metric level. In the real composites the particles form
large agglomerates which can create a conductive net
at higher concentration.

Table 2 Coefficients of the rheological equations (in the chapter
“Methods used"} for the PET(PP)/Printex L6 dispersions

Fibre-Forming Polymers

Table 3 Electrical conductivity of the PET/carbon black Printex
L6 composites

No Printex L6 Conductivity o
(%] [S.cm™]
1 3 3,6.10"
2 6 4,6.10°
3 10 3,7.10%
4 15 9,7.107?
5 20 R
6 25 58.10"
7 30 1,0.10°

No, | Pintexie | " \
1 3 876 0,75 0,06
2 5] 907 0,75 0,09
3 10 1331 0,70 0,12
4 15 2259 0,63 0,17
5 20 2955 0,62 0,22
6 25 2875 0,69 0,30
7 30 2410 0,74 0,18
log 7 | ™ * x
61| g ot
P P il
| A 4
48 | > ;',/.l K “ /‘l/"
I?__,.,"/ P - /,.:/).‘
I ¥ 5)**/’1_ = '~/ :/
: _ e
| 4 4 o
45 | ot
T
i
42
1.7 20 23 26 logy
a

Table 4 Electrical conductivity of the PET(PP)/carbon black Prin-
tex L6 composites, (content of PP 30 wt%)

No Printoex L6 Conductifjly a
| [S.em™]

8 2.1 6.10°°

8 4,2 1,4.107

10 7,0 9.107%

11 10,5 45107

12 14 4,3.107

13 17,5 2,4.107

14 21 56.10"

The dispersion of the pigment Printex L6 in PET
behaves as a non-Newtonian liquid (Fig. 2, Table 2).
The meit viscosity of the dispersion increases with
the concentration of the carbon black pigment in PET
(Fig. 2-4). The dependence of viscosity on the pig-
ment concentration changes approximately at 15 wt%
of carbon black content in PET (Fig. 4). Higher slope
of the curve at higher concentrations of the pigment
indicates a change in the structure of the dispersion.
The agglomerates of the pigment grow the number of
contacts between particles increases and the flow of
the melt composite is reduced. At low concentration
of the pigment, the power law index n decreases with
increasing of pigment concentration, at higher con-

logn : 7

25 5 [pa’j A

Fig. 2 Dependence of shear stress t on shear rate 7 (a) and viscosity n on =" (b) for PET/Printex L6 concentrate dispersions.
Concentration of the pigment in the composites: 1 -3 wi%, 2 — 8 wt%, 3 — 10 wt%, 4 — 15 wt%, 5 — 20 wt%, 6 — 25 wi%, 7 — 30 wt%
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Fig. 3 (a) Dependence of the viscosity 1 on the shear rate 7 for PET/Printex L6 concentrate dispersions. Concentration of the pigmentin

the composites: 1 — 3 wt%, 2 — 6 wt%, 3— 10 wi%.

4 — 15 wt%, &5 — 20 wt%, 6 — 25 wt%, 7 — 30 wt%.

(b) Dependence of the power law index n and agglomeration coefficient A of the PET/Printex L6 concentrate dispersions
(T = 275°C}) on the content of the carbon black Printex L6

: L o
[Pa.s] P
5 PET/Printex L6 ?,‘

250 e S

o

10 20 30
% Printex L6

Fig. 4 Dependence of the viscosity of the FET/Printex L6 concentra-
te dispersions {7 =200 s', T = 275°C) on the content of the
carbon black Printex L6

centration passes thorough a minimum and begins to
increase above 20 wt% concentration of the pigment

1wl -* ]
=
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Table 5 Influence of compatibilisers on the electrical conductivity
of PET(PP)/Printex L6 compaosites

No Printex L6 PP Compatibiliser Conductiy‘ity [s)
[%] [%] (%] [S.em™)
15 - 3% LIE 2.3.107°
16 15 - 7% Teg 7.3.107%
17 — 7% S 44P 43107
18 30 3% LiE 6.4.107
19 15 30 7% Teg 7,1.1072
20 30 7% S 44P 9,1.107"

(Table 2, Fig. 3b). The maximum of the deviation from
the Newtonian flow (minimum of n) is obtained for the
same concentration as the “break” of the dependence
of the viscosity on the pigment concentration (Fig. 4).
The “agglomeration coefficient” % increases with the
carbon black concentration.

The electrical conductivity of the PET/carbon black
composites increases with the pigment concentration
(Fig. 5). A very low percolation threshold (the critical

4
(=]

.
®

PET(PP)/Printex L6

ik
=
T
T

conductivity (S/cm)
g
8
Gl el aale el n sal o aal)

k. ;i 1 i i

10
% PRINTEX L&
b

Fig. 5 Dependence of the conductivity of PET 'Printex L6 (a) and PET(PP)/Printex L6 (b)
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Fig. 6 Dependence of the electrical conductivity on the viscosity (at
275 °C, =200 s™") of PET/Printex L6 composites

concentration of the carbon black above which continu-
ous conducting network of carbon black exists in the
polymer matrix) was found in both PET (0.8 wt%) and
PET(PP) (1,1 wt%) composites. When PET/carbon
black dispersion is diluted by 30 wt% of PP a three
component composite PET/PP/carbon black Printex
L6 is formed. The dependence of the electrical con-
ductivity of these composites on the concentration of
carbon black is the practically the same as for the two
component composites without PP (Fig. 5).

PET/carbon black composites with 15 wt% content
of pigment were modified by common compatibilisers
such as polyester wax (LiE), polysiloxanes (Teg) and
polypropylene glycol/stearic acid (S 44P). According
to the results in the Table 5 these modifications do not
lead to an increase of the electrical conductivity of the
complex PET/PP composites. The conductivity level is
approximately the same as for unmodified PET/carbon
black concentrate dispersions.

Spinning trials using PET(PP)/carbon black disper-
sions were successful only up to 6 wt% of the carbon
black particles in the polymer matrix. The linear resis-
tance of the fibres was very high (> 10" @/cm). To im-
prove the spinnability of the PET/carbon black disper-
sions it is necessary to look for suitable compatibilisers
and to optimise the spinning conditions.
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Conclusion

— PET(PP)/carbon black Printex L6 concentrate
dispersions (composites) were prepared. The rheo-
logical properties and electrical conductivity of
these composites were evaluated.

— The percolation threshold of the conductivity for
PET(PP)/carbon black composites was evalu-
ated.

— Common compatibilisers did not improve the elec-
trical conductivity of the PET(PP)/carbon black
composites.

Acknowledgement: Support of the APVT (grant 20-011404),
VEGA (grant 1/2475/05) and VEGA (1/2021/05) grant agencies is
appreciated.

References

1. Harlin, P., Nousiainen, P.: Chemn, Fibers Int. 53, 2003, p. 42
2. Vogel, R., Jenschke, W., Beyrenther, R.: Chem. Fibers Int.
50, 2000, p. 584
3. Medalia, A. I.: Rubb. Chem. Technol. 53, 1986, p. 432
4. Lux, F.:J. Mater. Sci. 28, 1993, p. 285
5. Chodak, I., Omastova, M., Piontek, J.: J. Appl. Polym. Sci.
82, 2001, p. 1903
6. Zhang, C., Yi, X. S., Yui, H., Asai, S., Sumita, M.: J. Appl.
Polym. Sci. 69, 1998, p. 1813
7. Anonym, Chem. Fib. Int. 49, 1999, p. 62
8. Bengtsson, P., Kubat, J., Klason, C., Hegueen, D. H.: Polym.
Eng. Sci. 33, 1993, p. 573
9. Chin, H. T., Chin, W. M.: J. Appl. Polym. Sci. 81, 1996, p. 607
10. Anonym, Lenzing AG producer, Textilveradiung 22, 1987, p. 412
11. Pat USA 4585696
12. Omastova, M., Proke$, J., Podhradska, S., Chodak, 1.: Mac-
romol. Symp. 170, 2001, p. 231
13. Wessling, B.: Polymer Eng. Sci. 31, 1891, p. 1200
14. Feller, J. F., Linossier, |., Levesque, G.: Polym. Adv. Technol.
13, 2002, p. 714
15. Cheah, K., Forsyth, M., Simon, G. P.: Synth. Metals 102,
1999, p. 1232
16. Feller, J. F., Bruzand, S., Grohens, Y: Polym. Mater. Letters
58, 2004, p. 739
17 Pétschke, P., Bhattacharyya, A.R., Janke, A., Goering, H.:
Composites of polycarbonate with carbon nanotubes and their
use in melt mixed blends with polyethylene, In: Proceedings
of 18" ModPol2003, Polymer Institute SAS, October 5-8,
2003, p. 35
Received: November 2005

Vidkna a textil 12 (3) 98-103 (2003



Vlaknotvorné polymery

Fibre-Forming Polymers

Viaknotvorné elektricky vodivé polymérne kompozity

Translation of Abstract:
Fibre-forming electrically conductive polymer composites

V praci sa prezentuje priprava, reologické vlastnosti
a elektricka vodivost vlaknotvornych kompozitov na
baze polyetyléntereftalatu (PET) a elektricky vodivych
sadzi (pigment Printex L6). Polymérne kompozity boli
pripravené v Sirokej 8kale koncentracie pigmentu (0-
30% hm.) klasickym postupom pripravy pigmentovych
koncentratov pre farbenie PET vlakien v hmote. Reo-
logicke vlastnosti kompozitov v tavenine sa merali na
kapilarnom extruziometri. Elektricka vodivost kompozi-
tov sa stanovila Standardnou $tvorkontaktnou metddou

Vldkna a textil 12 (3) 98-103 (2005)

na geometricky definovanych vzorkach pripravenych
extriziou na plastometri. Extrapolaciou sa stanovil
perkolaény prah (kriticka koncentracia pigmentu) elek-
trickej vodivosti kompozitov.

V préci sa diskutuje vztah medzi reologickymi a elek-
trickymi vlastnostami kompozitov a tieZ vplyv niektorych
aditiv na elektrickl vodivost kompozitov. Zvlakiiovanim
z taveniny sa pripravili kompozitne viakna do maximal-
nej koncentracie pigmentu 6% hm. Elektricka vodivost
vlakien bola na urovni antistatickych viakien.
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Polypropylene fibres modified by copolyamides
Part I. Preparation of modifed fibres and their properties

Kristofi¢ M., Naciniakova Z., Legeén J., Ryba J.

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

This contribution is devoted to the synthesis of copolyamides from e-caprolactam (CL) and
ADETA nylon salt from adipic acid (A) and dietylenetriamine (DETA) and an evaluation of some
their basic characteristics. Copolyamides containing 5, 10 or 15 wt.% of ADETA nylon salt were
used as additives and PP fibres modified with 4, 8 and 12 wt.% of copolyamides were prepared.

The molecular weights of copolyamides are high enough to consider them as polymer additives.
The melting temperatures are lower in comparison with homopolyamide PA 6 and their thermal

stability is equal to that of PP.

The mechanical, electric and sorptive properties of modified PP fibres depend on the amount
of copolyamide in the fibre. The higher the amount of each copolyamide, the higher the degree
of elasticity and sorption of water vapour. Also the electric properties are better, and the tensile

strength of modified PP fibres is lower.

INTRODUCTION

The modification of PP and PP fibres is interesting
from the point of view of research and technology as
well. There are several possibilities for improving their
properties. Physical and chemical modifications are
basic ways which can be commonly used and they are
reported on many papers.

Among the chemical modifications grafting of a PP
membrane surface with poly(N-vinyl-2-pyrrolidone)
[1] and PP hollow fibre membrane surface with N,N-
dimetylaminoethyl metacrylate [2] leads to the higher
hydrophilicity of a PP surface.

The hydrophilic modification of a PP fibres by oxy-
fluorination is another method to decrease the water
contact angle remarkably and increase the polarity and
hydrophilicity of the PP surface [3].

Surface modification, i. e., impregnation of a PP non-
woven fabric via monomer grafting (e.g., acrylic acid)
to a depth of < 100pm without changing the shape of
the material gives better hydrophilicity [4].

Durable hydrophilic and antistatic surface effects for
PP fibres and fabrics without altering their bulk proper-
ties are assured by new surface modifiers [5].

The penetration of organometallic compounds (e.g.,
Si(OEt), into polymers like PP, PA, PES, and PU sur-
faces under supercritical CO, shows an increased
surface hydrophilicity [6].

The physical modification consists mainly in the ad-
dition of other components as additives into the PP,
and their homogenization and processing into the final
product ,e.q,. fibre. These additives can be either low
molecular compounds or macromolecular ones.

Modified PP fibres composed of PP and aluminosi-
loxane prepared by melt blending and followed by
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spinning have significantly modified antistatic proper-
ties [7].

PP fibres modified via blending with ethylene-vinyl-
acetate copolymer and ethylene-propylene copolymer
indicate better hydrophilicity and dyeing ability [8].

Polyamideureas as additives to PP contribute to the
better sorptive and electrical properties of modified PP
fibres [9].

PP fibres modified with alkaline copolyamides have
better hydrophilicity, dyeability and electrical properties
as well [10].

EXPERIMENT

Material used:

— polypropylene, PP T1 802, Slovnaft, Slovakia

— g-caprolactam, CL, Nylstar Humenné, Slovakia

— adipic acid., anal. grade, A, Aldrich

— diethylenetriamine, DETA, Aldrich, vacuum distilled
once

— copolyamides, KOPA synthesized from e-caprolac-
tam, adipic acid and diethylenetriamine

— sulphuric acid, 93% anal. grade

— water.

Preparation of the Copolyamides and Their
Properties

Copolyamides made from g-caprolactam (CL), adipic
acid A, and diethylenetriamine (DETA) (A and DETA
as components of ADETA nylon salt) were prepared by
the poly(addition-condensation) reaction proceeding in
the melt in the N, atmosphere in two steps.

Step A. The hot DETA solution in ethanol (part 1)

Vidkna a textil 12 (3) 104-110 (2005)



Vidknotvorné polymeéry

was successively added to the hot solution of the adipic
acid in ethanol (part II), which was contained in a glass
apparatus immersed in a thermostated oil bath. After
mixing parts | and |l of the nylon salt, ethanol was
gradually distilled off at T = 90 “C.

Step B. After the maximum removal of the ethanol
the temperature rose to T = 110 °C, and the whole
amount of CL. was added. After the melting of the CL
and homogenezation, the temperature of the melt rose
again, and the polyreaction started with the evapora-
tion and condensation of the reaction water. The poly-
reaction was carried out at the atmospheric pressure
over 3 hours. The temperature of the melt achieved
270-280 °C at the end of the polyreaction. The melt
was poured onto a metal plate in the form of ribbon
and cut into chips.

Reaction schemes: Polyreaction a - production of a
linear alkaline copolyamide from e-caprolactam, adipic
acid and diethylenetriamine:

CO—NH + nHOOC(CH,),COOH +

(HzCls + nH,(CH,),-NH, —
~[HN(CH,),NH(CH,),NHOC(CH,),CO],~INH(CH,)sCOJ,—
+2nH, O (a)
Polyreaction b in a vacuum — cyclization of the alka-
line copolvamide to the polyamideimidazoline:
~[CONH(CH,),NH(CH,),NHOC(CH,),CO] ~[INH(CH,)s] -
. (‘ji—J‘]l-(CHE)QNHOC(CHQ}.;CO]‘l‘NH(qu_Jsh+ H, O/ (B)
N={CHa)z '

The copolyamides were designated by the mass
fraction w of the ADETA nylon salt in the mixture of CL
+ ADETA at the beginning of the polyreaction:

KOPA 5: 5 wt.% of ADETA and 95 wt.% of CL,

KOPA 10: 10 wt.% of ADETA and 90 wt.% of CL,

KOPA 15: 15 wt.% of ADETA and 85 wt.% of CL,

To determine the low-molecular (water-soluble)
compounds (LMC) an amount of about 2 g of each of
the copolyamide chips was extracted in hot water for
1h. The extracted and air-dried copolyamides were
dried at T = 105 °C in a vacuum oven and stored in
a desiccator. The amount of LMC was determined
from the mass difference before and after the extrac-
tion and drying.

The limiting viscosity number (intrinsic viscosity — [1]
as a value corresponding to the molar weight) of the
extracted copolyamides was determined viscosimetri-
cally in a solution of 93 % H,S0,, anal. grade, at T =
25 °C, and graphically from the dependence:

Nep/Wy =f(w;) and ., = (t —t;) /g

where t is the flow time of the polymer solution, t; is
the flow time of the pure sclvent, and w; is the polymer
mass fraction in the solution.

The thermal stability and melting temperatures T,,
were estimated by DTA measurement in air atmo-
sphere using a Derivatograph Q-1500D (MCM Buda-
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Table 1 Characteristics of the copolyamides

T Am, wt.%
KOPAS5 | KOPA 10 | KOPA 15
POREF PR ADETA | ADETA A(.JDETA
140 0.2 01 3.2 1.5
240 1.1 1.0 48 2.2
280 2.3 15 5.5 27
320 53 2.7 7.0 4.0
360 14.1 4.7 95 6.5
400 33.2 20.4 25.9 241
420 49.9 46.5 48.5 48.8

Table 2 Thermal stability of the PP and copolyamides

PP Unas ks S
containing V] [s] [wt. %}
PP 530 a7 0.2¢
4% KOPA 5 ADETA 460 31 0.28
8% KOPA 5 ADETA 400 14 0.52
12% KOPA 5 ADETA 420 9 | o8
4% KOPA 10 ADETA 440 28 | 0.38
8% KOPA 10 ADETA 360 8 0.59
12% KOPA 10 ADETA 280 3 0.76
4% KOPA 15 ADETA 360 31 0.33
8% KOPA 15 ADETA 380 7 0.72
12% KOPA 15 ADETA 270 2 0.71

pest, Hungary). The basic characteristics of PP and
copolyamides (amount of LMC, intrinsic viscosity and
T.,) are indicatedin Table 1. The thermal stability of the
PP and copolyamides are given in Table 2.

The dried copolyamides and PP were used for the
preparation of the blended chips. A mixture consisting
of the relevant amounts of PP and copolyamide was
melted in a single-screw extruder at the temperatures
of its 3 zones T, =230 °C, T, =250 °C and T, = 260°C.
The blended ribbon was cooled down in cold water and
cut into chips. The air-dried blend chips were finally
vacuum-dried at T = 105 °C and used for spinning. The
spinning of the blends was performed by laboratory
spinning equipment with an extruder @ =16 mmat T =
250 °C, with take up 150 m.min™" with and without [u-
bricant (13 fibrils). After spinning, the fibres were drawn
to the drawing ratio A = 3 (nonlubricated and lubricated
ones as well) and A = 4 (lubricated fibres oniy).

Evaluation of the Fibres’s Properties

The electric, sorptive and mechanical propetrties of
the unmodified and modified PP fibres were studied.

The electric properties of the nonlubricated fibres
with A = 3 were measured by POLYSTAT 1 equip-
ment. A fibre sample with a surface of about 1-1.4
cm? was charged up to the maximum potential U,
simultaneously, the time of achieving the zero potential
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Table 3 Electrostatic properties and sorption of water vapour S of
the unnmodified and modified PP fibres, 2. = 3

Polymer LMG [3“] 1y T
[vol.%] [em® g™'] [°C]

KOPA 5 ADETA 10.4 86 208
KOPA 10 ADETA 11.0 62 199
KOPA 15 ADETA 12.4 57 180

Unax — maximal potential at the beginning of the measurement,
t,, = half time of the discharging

Table 4 Tensile strength TS, elongation E and elastic deformation
¢ of unmodified and modified PP fibres, , & = 4

PP TS E g?
containing [cN. dtex™"] % [%]
PP 2.83 33 80.2
4% KOPA 5 ADETA 2.52 33 78.9
8% KOPA 5 ADETA 2.27 24 80.5
12% KOPA 5 ADETA 1.98 31 82.9
4% KOPA 10 ADETA 2.53 24 79.4
8% KOPA 10 ADETA 2.56 24 85.4
12% KOPA 10 ADETA 2.24 25 86.3
4% KOPA 15 ADETA 2.76 20 79.7
8% KOPA 15 ADETA 2.80 28 86.5
12% KOPA 15 ADETA 2.33 24 88.8

was recorded. From this dependence it was possible
to obtain the half time of discharging t,.. The sorption
of water vapour S was evaluated gravimetrically at the
temperature T = 21.7 °C and the 65 % relative humid-
ity using the lubricated fibres. The results are listed in
Table 3.

The mechanical properties were measured on the
Instron 1112 apparatus. The clamping length and
deformation rate were 100 mm and 500 mm.min™",
respectively. The elastic deformation was measured
on an Instron 1112 apparatus using the hysteresis
loops method at a clamping length of 100 mm and a
deformation rate of 200 mm.min™". A diagram of the
elastic values (Fig. 1) was obtained from the hysteresis
loops. From this diagram the following quantities were
determined:
£¢— €elastic extension, g~ total extension, and £° - elas-
tic deformation in % defined as the ratio of elastic ex-
tension g, to total extension g according to Fig. 1.

e = (eq/e) x 100

The results are shown in Table 4.

3. DISCUSSION

Polymer additives — copolyamides from CL, adipic
acid and dietylenetriamine with a high enough mo-
lecular weigth can be prepared using poly(addition-
condensation) reaction in amelt within 3 hours. The
intrinsic viscosities obtained, [n], are relatively high ,
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Fig. 1 Diagram o = f(g) of elastic values

and a higher amount of ADETA comonomer lowers
this value. This is probably due to the higher volalility
of diethylenetriamine during the preparation of ADETA
nylon saltin the first step A of the polyreaction, i.e., the
potential loss of DETA. This loss disturbs the balance
of the reactive groups constituting macromolecules,
which leads to a decrease in the molecular weight of
the copolyamide.

The contents of the low molecular compounds,(LMC)
is comparable to that of the commercial unextracted
PA 6, which is 8-12 wt.% according the temperature
of the polyreaction. The melting temperatures of the
copolyamides T,, are lower in comparison to the PAG
(~220 °C) but higher in comparison to the PP (~165
‘C). The higher the content of the minor comonomer
(ADETA nylon salt ), the lower the melting temperature
of the copolyamide (Table 1).

The thermal stability of the PP and copolyamides is
very good and comparable to each other. A little higher
level of decomposition is observed for the KOPA 10
ADETA. The absolute values of the amount of low
molecular compounds deliberated at the processing
temperatures, i.e. 250-260 °C for the copolyamides
are practically the same as for the PP (Table 2).

The electrostatic properties of the PP and modified
PP fibres were evaluated on the basis of the two pa-
rameters — U, and t,,. Acording to the results given
in Table 3, it can be stated that the electrostatic proper-
ties are positively influenced by the copolyamides. The
improvement of the electrostatic properties through
modification is slight with 4 wt.% of any copolyamide.
By increasing the copolyamide content to the level of
8 wi.%, and mainly at 12 wt.%, the above-mentioned
properties are essentially improved.

The water vapour sorption S increases with the
increased amount of copolyamide in the modified PP
fibres according to the results in Table 3.

The mechanical propetties, i.e. the tensile strength
TS, elongation E and elastic deformation &° are re-
ported in Table 4. The tensile strength ofthe modified

Vlakna a textil 12 (3) 104-110 (2005}



Vlaknotvorné polyméry

fibres is mainly negatively influenced by copolyamides
with a lower relative molecular weight and by the mixed
structure of two components with a lower compatibility
i.e. the PP and copolyamide. The decrease in tensile
strength TS is relatively low at 4 wt.% and 8 wt.% of
each copolyamide. Elongation E of the modified PP
fibres is not practically affected. The elastic deforma-
tion &° of the PP fibres modified with 4 wt. % of copoly-
amides is the same as the unmodified PP fibres. An
increased amount of copolyamides in the modified PP
fibres improves their elastic deformation.

4. CONCLUSION

1. Copolyamides from g-caprolactam, adipic acid and
diethylenetriamine can be prepared over 3h with
relatively high molecular weight. The amount of
low molecular weight in copolyamides is compa-
rable with that in the homopolymer PA6. The melt-
ing temperatures of the copolyamides are lower in
comparison with PAG, and the higher amount of
ADETA comonomer lowers essentially the melting
temperature.

2. The decomposition of the PP and copolyamides at
higher temparatures (in the melt) are at the same
level.

3. The electrostatic properties of the modified PP fibres
are positively affected at a 4 wt.% content of any co-
polyamide and (much) better at 8 wt.%, and mainly
12 wt.% of the copolyamide in the PP.

4. The tensile strength of the modified PP fibres is es-
sentially negatively influenced only at the highest
amount of the 12 wt.% of the copolyamide in the PP.
Elongation is practically uninfluenced. The elastic
deformation is slightly positively effected by higher
amount of the copolyamide.
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5. The sorption of water vapour is positively affected by
the higher amount of the copolyamide in the modi-
fied PP fibres.
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_ Polypropylénové viakna modifikované kopolyamidmi
Cast I. Priprava modifikatorov, modifikované vlakna a ich
viastnosti

Translation of article:
Polypropylene fibres modified by copolyamides
Part I. Preparation of modifiers, modifed fibres and their properties

Tento prispevok je venovany syntéze kopolyamidov
z e-kaprolaktamu CL a nylonovej soli ADETA z kyseliny
adipovej (A) a dietyléntriaminu (DETA) a hodnoteniu
niektorych ich zakladnych vlastnosti. Kopolyamidy ob-
sahujlce 5, 10 alebo 15% hm. nylonovej soli ADETA
boli pouZité ako aditiva pre viaknotvorny PP a PP
vlakna modifikované 4, 8 a 12 hm.% kopolyamidov
boli pripravené.

Molové hmotnosti kopolyamidov sl dostatoéne
vysoké na to, aby sme ich povaZovali za polymérne
aditiva. Teploty tavenia s niZsie v porovnani s teplotou
tavenia homopolyamidu PA6 a ich tepelna stabilita je
porovnatelna s PP.

Mechanické, elektrické a sorpéné viastnosti modi-
fikovanych PP vlakien zavisia na obsahu kopolyamidu
vo vldkne. Cim je vy&&i obsah kopolyamidu tym niZ$ia
je pevnost, tym vySSi je stuper elasticity a sorpcia
vodnych par, a tym lepsie su elektricke vlastnosti modi-
fikovanych PP vlakien.

uvoD

Modifikacia polypropylénu a PP viékien je aktual-
ny ciel vyskumu i technolégie. Je vela moZnosti ako
dosiahnut zlepsenie ich vliastnosti.

Fyzikalna a chemicka modifikacia su cesty, ktore
mézu byt zvyCajne pouZité a st dokumentované v mno-
hych prispevkoch.

Medzi chemickymi modifikaciami mézeme néjst
ockovanie povrchu PP membran poly(N-vinyl-2 pyro-
lidonom) (1) a povrchu membran z dutych PP viakien
pomocou N, N-dimetylaminoetyl metakrylatu (2), ¢o
vedie k vys$sej hyfrofilite povrchu PP.

Hydrofilnd modifikacia PP filmov oxyflourinaciou je
dal$ia metdda pre podstatné zvysenie uhla zmaéania
pre vodu, polarity a hydrofility povrchu PP (3).

Povrchova modifikacia t.j. impregnacia PP netkanych
textilif a naslednym ockovanim (napr. kyselinou akry-
lovou) do hibky < 100um bez zmeny tvaru materialu
zabezpedi lepsiu hydrofilitu (4).

Trvanlivy hydrofilny a antistaticky efekt povrchu PP
vlékien a tkanin bez zhorSenia objemovych viastnosti
sa dosiahne novymi povrchovymi modifikatormi (5).

Preniknutie organokovovej zluceniny (napr. Si(Et),)
do povrchu polyméru ako PP, PA, PES alebo PU pri
superkritickom CO, spdsobilo zvy$enu povrchovi hy-
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drofilitu materialu (6).

Fyzikalna modifikacia spoé&iva predovéetkym v pri-
dani daldej zlozky ako aditiva do PP, jej homogenizaciu
s PP a spracovanie na konecny produkt napr. vlakna.
Tieto aditiva méZzu mat molovl hmotnost v Sirokom
rozsahu, ale tie s vy8Sou molovou hmotnostou su
vyhodnejsie.

Modifikované PP vidkna zloZzené z PP a aluminosi-
loxanu pripravené zmieSanim v tavenine a zvlaknenim
maju podstatne modifikované antistatické vlastnosti
(7).

PP vlakna modifikovaneé zmieSanim PP, kopoly-
méru etylén-vinylacetat a kopolyméru etylén-propylén
v tavenine a zvlaknenim vykazujd lepsiu hydrofilitu
a farbitelnost (8).

Polyamidmocoviny ako aditiva prispievaju k zlepSeniu
sorpénych a elektrickych vlastnosti modifikovanych PP
vlakien (9).

PP vlakna modifikované zasaditymi kopolyamidmi
maju lepsiu hydrofilitu, vyfarbitelnost a elektrické viast-
nosti (10).

1. EXPERIMENT

Pouzité materialy:

— polypropylén, PP Tl 902, Slovnaft,

— g-kaprolaktam, CL, Nylstar Humenng,

— kyselina adipova, p.a. A, Aldrich,

— dietyléntriamin, DETA, Aldrich, raz vakuovo predes-
tilovany,

— kopolyamidy KOPA zosyntetizovane z ¢-kaprolak-
tamu, kyseliny adipovej a dietyléntriaminu,

— kyselina sirova, 93 % p.a.

— voda

Priprava kopolyamidov a ich vlastnosti

Kopolyamidy z e-kaprolaktamu (CL), kyseliny
adipovej (A) a dietyléntriaminu (DETA) (A a DETA
ako zlozky nylonovej soli ADETA) boli pripravené
poly(adiéno-kondenzaénou) reakciou v tavenine a du-
sikovej atmosfére vo dvoch krokoch.

Krok A. Hortci roztok DETA v etanole (&ast I) bol
postupne pridavany k horucemu roztoku kyseliny adi-
povej v etanole (Cast Il) v sklenej aparattre ponorenej
v termostatovanom olejovom kupeli. Po zmiesani asti
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| a Il bol etanol postupne oddestilovany pri teplote T =
90 °C.

Krok B. Po odstraneni maximélneho mnozstva eta-
nolu sa teplota taveniny zvysila na hodnotu T=110 °C
a pridalo sa celé mnoZstvo s-kaprolaktamu. Po roz-
taveni CL a homogenizacii taveniny jej teplota znova
stupala a polyreakcia zacala uvolfiovanim a konden-
zéaciou reakénej vody. Polyreakcia za atmosferického
tlaku trvala 3h. Teplota taveniny dosiahla na konci
polyreakcie 270 — 280 “C a tavenina bola vyliata na ko-
vovu platnu vo forme struny a porezana na granulat .

Reakéna schéma a_vyjadruje pripravu linearneho
zasaditého kopolyamidu obsahujliceho sekundarne NH
— skupiny za atmosferického tlaku, reakéna schéma b
vyjadruje cyklizaciu zasaditého kopolyamidu za vzniku
imidazolinovych kruhov.

Kopolyamid bol oznaceny ¢islom vyjadrujucim hmot-
nostné percento nylonovej soli ADETA zo zmesi CL +
ADETA na zadiatku polyreakcie:

KOPA5: 5 hm.% ADETA a 95 hm.% CL

KOPA 10: 10 hm.% ADETA a 90 hm.% CL

KOPA15: 15 hm.% ADETA a 85 hm.% CL

Extrakciou asi 2g kazdého kopolyamidu vo vri-
acej vode pocas 1h boli stanovené nizkomolekulové
(vodorozpustné) latky LMC. Extrahované a vzduch-
osuché kopolyamidy boli suSené pri T = 105 °C vo
vakuovej susiarni a uloZené v exikatore. MnoZstvo
LMC bolo uréené z rozdielu hmotnosti pred a po ex-
trakcii a suseni.

Limitné viskozitné ¢islo [n] ako hodnota zodpovedaju-
ca molovej hmotnosti extrahovanych kopolyamidov
bolo stanovené viskozimetricky v roztoku 93 % H,SO,,
p.a., pri teplote T = 25 °C a graficky zo zavislosti:

Nsp/Wy = f(Wy) @ ngp = (t = to)ity

kde t je ¢as prietoku roztoku polyméru, t, je €as prietoku
cistého rozplstadla a w, je hmotnostné % polyméru
v roztoku.

Tepelna stabilita a teploty tavenia T,, boli ur€ené
z DTA merania v atmosfére vzduchu s pouZitim pristroja
Derivatagraph Q- 15000 (MOM Budapest, Madarsko).
Zakladné charakteristiky PP a kopolyamidov (obsah
LMC, limitneé viskozitne cislo [n] a T,,) s uvedené
v Table1. Tepelna stabilita PP a kopolyamidov su uve-
dené v Table 2.

Vysusené granulaty kopolyamidov a PP boli pouzité
pre pripravu zmesného granulatu. Zmes obsahujlca
prisiudné mnoZstva PP a kopolyamidu bola pretavena
v jednozavitovkovom extrideri pri teplotach jeho 3
z6n T, =230 °C, T, = 250 °C a T; = 260 °C. Zmesna
struna bola chladena studenou vodou a posekana na
granulat. Vzduchosuchy granulat bol nasledne vakuovo
vysu8eny pri teplote T = 105 °C. VysuSeny granu-
lat PP modifikovaneho kopolyamidom bol zvlakneny
laboratérnym zvidknovacim zariadenim pri teplote T
= 250 °C (s extriderom @ = 16 mm, pri odtahovej
rvchlosti 150m . min~" s pouZitim aj bez pouzitia pre-
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parécie (13 fibril). Po zviakneni boli vidkna vydiZené na
%= 3 (vlakna s preparaciou aj bez preparécie)a »r=4
(len vlakna s preparaciou).

Stanovenie viastnosti viakien

Elektrické viastnosti vlakien pripravenych bez pre-
paracie (. = 3) boli stanovené na pristroji Polystat 1.
Vzorka vlakna s plochou asi 1-1.4 cm? bola nabita
na maximalny potencial U, @ postupne bol zazna-
menavany ¢as poklesu néboja na nulu. Z tejto zavislosti
bol odéitany poltas rozpadu naboja t; ..

Sorpcia vodnych par S bola vyhodnotena gravimet-
ricky pri teplote T = 21.7 °C a relativne] vihkosti vzdu-
chu 65 % pouZzijuc vliakna s preparéciou. Vysledky su
uvedené v Table 3.

Mechanicke viastnosti boli namerané na pristroji
Instron 1112, Upinacia dizka a rychlost deformécie boli
100 mm a 500 mm.min~". Elastick& deformécia bola
merana tieZ na Instrone 1112 metddou hysteréznych
sluéiek pri upinacej dizke 100 mm a rychlosti deforma-
cie 200 mm.min™". Diagram elastickych hodnét (Fig. 1)
bol ziskany z hysteréznych sluciek. Z tohto diagramu
boli uréené: ¢, — elastické prediZenie, ¢, — celkové
predizenie a £° — elasticka deformacia v % definovana
ako pomer elastického predizenia ¢, a celkového
prediZenia ¢, :

e = (gq/e) X 100
Vysledky sU uvedené v Table 4.

3. DISKUSIA

Polymérne aditiva — kopelyamidy z s-kaprolaktamu,
kyseliny adipovej a dietyléntriaminu s dostatotne
vysokou molovou hmotnostou mdzu byt pripravene
poly(adicno-kondenzacnou) reakciou v tavenine
v priebehu 3h. Zistené hodnoty limitného viskozitného
¢isla [n] su relativne vysoké a vyssi obsah komonoméru
ADETA tlto hodnotu zniZuje. Je to pravdepodobne
v dosledku vy38ej prchavosti DETA podas pripravy
nylonovej soli ADETA v prvom kroku A polyreakcie t.j.
mozZnej straty DETA. Tato strata narisa rovnovahu
reakénych skupin vytvarajlcich makromolekuly, ¢o
vedie k zniZeniu molovej hmotnosti kopolyamidu.

Obsah nizkomolekulovych latok LMC porovnatelny
s ich obsahom v komerénom neextrahovanom PAB,
ktory je v rozmedzi 8~12 hm.% podla teploty polyreak-
cie. Teploty tavenia kopolyamidov T, st nizSie v po-
rovnani s teplotou tavenia PA6 (~220 °C), ale vyssie
v porovnani s teplotou tavenia PP (~165 °C). Cim vy$si
je obsah komonoméru ADETA, tym nizsia je teplota
tavenia kopolyamidu (Table 1).

Tepelna stabilita PP a kopolyamidov je velmi dobréa
a navzajom porovnatelna. Tepelny rozklad kopoly-
amidu KOPA 10 ADETA je o mélo vy&si ako ostatnych
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polymérov. Absolltne hodnoty obsahu nizkomoleku-
lovych latok uvolnenych pri teplotach spracovania, t.j.
250-260 °C s pre kopolyamidy prakticky rovnaké ako
u PP (Table 2).

Elektrostatické vlastnosti PP a modifikovanych PP
vlakien su hodnotené dvomi parametrami U, a ty/.
Z vysledkov v Table 3 vyplyva, Ze elektrostaticke vlast-
nosti su pozitivne ovplyvnené uz mnoZstvom 4 hm.%
kopolyamidu v PP. Zvy8enim obsahu kopolyamidu na
hodnotu 8 hm.% a 12 hm.% sa tieto vlastnosti pod-
statne zlepsia.

Sorpcia vodnych par stupa so stipajucim obsahom
kopolyamidov v modifikovanych PP vidknach ako to
vidno z Table 3.

Mechanické vilastnosti, t.j. pevnost, taZznost a elas-
ticka deformacia su uvedené v Table 4. Najma pevnost
modifikovanych vldkien je negativne ovplyvnené ko-
polyamidmi. Dévodom je ich nizSia molova hmotnost
a zmesna Struktura dvoch zloZiek — PP a kopolyam-
idu s ich niZSou znaanlivostou. ZniZenie pevnosti
je relativne nizke pri obsahu 4 hm.% a 8 hm.% ko-
polyamidu. TaZnost modifikovanych PP viakien nie je
prakticky ovplyvnena. Elasticka deformacia PP vidkien
modifikovanych 4 hm.% kopolyamidov je rovnaka ako
nemodifikovanych PP vlakien. Vy3&&i obsah kopolyami-
dov v modifikovanych PP vidknach zvySuje hodnotu ich
elastickej deformacie.
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4. ZAVER

. Kopolyamidy z e-kaprolaktamu, kyseliny adipovej

a dietyléntriaminu m6zu byt pripravené v priebehu
3h s relativne vysokou molovou hmotnostou. Ob-
sah nizkomolekulovych latok v kopolyamidoch je
porovnatelny s ich obsahom v homopolymére PA6.
Teploty topenia kopolyamidov st niZsie v porovnani
s PA 6 a vy3si obsah komonoméru ADETA zniZuje
ich teplotu tavenia.

. Tepelny rozklad kopolyamidov a PP pri vy$sich

teplotach (v tavenine) je na rovnakej trovni.

. Elektrostatické vlastnosti modifikovanych PP viakien

su pozitivne ovplyvnené uZ pri obsahu 4 hm.%
akéhokolvek kopolyamidu a (ovela) lepSie pri obsa-
hu 8 hm.% a najm& 12 hm.% kopolyamidu v PP.

. Pevnost modifikovanych PP viakien je podstatne

negativne ovplyvnena len pri obsahu 12 hm.% ko-
polyamidu v PP. TaZnost nie je prakticky ovply-
vnena. Elastickd deformacia je mierne pozitivne
ovplyvnené vy8sim obsahom kopolyamidu.

. Sorpcia vodnej pary je pozitivhe ovplyvnena

vy§8im obsahom kopolyamidu v modifikovanych
PP viaknach.

Vidkna a textil 12 (3) 104-110 (2005}
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Fibre-Forming Polymers

THE EFFECT OF POLYVINYL ALCOHOL AND
NANOADDITIVES ON THE COLOUR PROPERTIES
OF MODIFIED POLYPROPYLENE FIBRES

Bolhova E., Ujhelyiova A.,Strecka S.,Rusnék R, Legén J.

Slovak University of Technology in Bratislava, Faculty of Chemical and Food Technology,
Department of Fibres and Textile Chemistry, Radiinského 9, 812 37 Bratislava. Slovak Republic,
e-mail: eva.bolhova@stuba.sk, anna.ujhelyova@stuba.sk

The modification of polypropylene (PP) fibres is often oriented to the improvement of their
hydrophility and dyeability. The modification of PP by a nanoadditive (NA) is an effective way to
prepare new fibres with advanced properties for textile and technical application.

A study of the colour characteristics and mechanical-physical properties of modified polypropy-
lene/polyvinyl aicohol (PP/PVA) and polypropylene/polyvinyl alcohol/nanoadditive (PP/PVA/NA)
fibres is presented in this paper. On the basis of the experimental results, it is possible to state
that modified PP/PVA/NA fibres have a higher sorption of a disperse dye than PP/PVA fibres. The
addition of PVA and NA decreases the mechanical-physical properties as well as the orientation
factor of the modified PP/PVA and PP/PVA/NA fibres

1. Introduction

The PP is the most commonly used polyolefin poly-
mer in the production of staple fibres and filaments for
applications such as textiles, nonwovens, high-tenacity
yarns and films. The success of the polymer can be at-
tributed to several interesting as well as advantageous
properties, namely easy processability, a low specific
gravity, a good chemical resistance as well as wide
availability and a low cost.

The dyeing of unmodified polypropylene fibres by the
exhaustion method is characterized by the low affinity
of the dyes to PP and the low colour parameters (low
colour fastness, low washing and dry-cleaning fast-
ness) in the dyed fibres. The preparation of modified
polypropylene fibres with nanoadditives (NA) is inter-
esting from the point of the dyeability of these fibres in
a dyebath with disperse dyes [1-3].

The principle of disperse dyeing is especially used for
dyeing polyester and cellulose acetate fibres. Disperse
dyes are applied to the fibres from an aqueous dye bath
in which the water-insoluble dyes are dispersed using
appropriate surface active agents [4, 10].

The nanoparticles can be introduced to the polypro-
pylene matrix in a melting and/or dissolving process
with the help of heat, an organic solvent and mechani-
cal blending. The introduction of the nanoadditive im-
proves the accessibility of the fiore, and this favours
the dyeing of the modified PP fibres with the disperse
dyes. They provide chemical and/or physical bonds to
the dyes. In the case of NA, it should carry or be able to
develop charged groups or other functional groups that
can attract dyes via chemical and /or physical bonds.
According to Fan and co-workers, the dyeing was pos-
sible on the basis of the tortuous pathways created by
oriented nanoclay layers in the polymer system, thus
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modifying the accessibility of the fibres [5-9].

In this paper the effect of polyvinyl alcohol (PVA) and
a nanoadditive on the colour and mechanical-physi-
cal properties of the modified polypropylene/polyvinyl
alcohol (PP/PVA) and polypropylene/polyvinyl alcohol/
nanoadditive (PP/PVA/NA) fibres is presented. These
fibres were dyed by the exhaustion method from a bath
with a disperse dye.

2. Experimental

2.1. Materials

Synthetic fibres

The following materials were used for the prepara-
tion of the unmodified polypropylene (PP), modified
polypropylene/polyvinyl alcohol (PP/PVA) and modified
polypropylene/polyvinyl alcohol/nanoadditive (PP/PVA/
NA) fibres:

* Polypropyiene Tatren TF 331 (PP1)- granulation
preduct, Slovnaft, a.s., Bratislava, melt flow index
MFI = 11g/10 min;

« Polypropylene HPF (PPo) — powdery. Slovnaft,
a.s., Bratislava,

* Polyvinyl alcohol 205 (PVA),

+ Glycerine (GL) — plasticizer for the PVA

« Nanoadditive (NA) — Montmorillonite K 10, spe-
cific surface 220-270 g/l, density 300-370 g/l

« Compatibiliser — polypropylene-grafted-maleic
anhydride (iPP-g-MA), fy. Clariant,

« Stabilizer — synergistic blend of Irganos 1010/Ir-
gafos 168 (4:1), fy Ciba (0,3wt. % per weight of
PP).

The PVA was plasticized with the glycerine at a
temperature of 130 °C for 40 min. The modified PP/
PVA fibres were prepared from the PP;. The PP, was
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melted and mixed with the PVA using a double screw
extruder at 230 °C. The blends were spun by a classic
procedure using a laboratory pilot plant with a single
screw extruder @ = 16 mm at 250 °C and a spinning
speed of 150 m.min™".

The modified PP/PVA/NA fibres were prepared from
PPo. NA was dispersed in glycerine using a homog-
enizer. Then the PVA was plasticized with the glycerine
at a temperature of 130 °C for 40 min. The PP was
mixed and melted with the PVA/NA using a double
screw extruder at 230 °C.

The unmodified polypropylene (PP), modified poly-
propylene/polyvinyl alcohol (PP/PVA) and modified
polypropylene/polyvinyl alcohol/nancadditive (PP/PVA/
NA) blends were spun by a classic procedure using
a laboratory pilot plant with a single screw extruder @ =
16 mm at 250 °C and a spinning speed of 150 m.min™".
The fibres were drawn to A = 3.

The compoasition cf the prepared fibres is in Table 1.

Disperse Dye
— Terasil Blue 3RL

2.2. Dyeing

Dyeing process

A lubricant from the fibres was removed in the bath
(1.5 g/l Slovapon A and 1 g/l Na;PQ,) at 75 °C for 20
min. The fibres were dyed using AHIBA AG CH 4127
Birsfelden laboratory equipment (Switzerland) at tem-
peratures of 98, 110 and 120 °C. The dyeing procedure
was used for the PET fibres.

Reduction cleaning

The dyed fibres were washed in a solution consist-
ing of 3 ml/l NaOH 38 °Be, 1.5 g/l Slovapon, and 2 g/l
Na,S,0,, at 75 °C for 30 minutes.

2 25
’g [198°C
%) 204 B108°C
X o118°C
15 4
1,0 1
0.5 -
0.0
N
& q,“}

a)
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Table 1 Characteristics of unmodified (PP), modified (PP/PVA)
and (PP/PVA/NA) fibres

samples | PP, (%) | PP,(%) PVA (%) NA (%)
1 100 - ~ -
2 ag - 1 =
3 97 » 3 =
4 o5 = 5 -
5 92.5 = 7.5 =
6 —~ 98.5 1 0.5
7 = 96.5 3 0.5
g = Q4.5 5 0.5
9 — g2 7.5 (1.5
2.3. Methods

Colour characteristics

The colour characteristics of the dyed fibres were
evaluated by the CIE Lab method. The colour param-
eters were estimated by measuring the reflectance
curves using Ultrascan XE spectrophotometer equip-
ment.

Mechanical-physical properties and orientation factor

The mechanical-physical properties were measured
using the TIRATEST 27025 apparatus. The clamping
!engt1h and deformation rate were 0.1 m and 0.0083
m.s™.

The orientation factor (f,) was obtained by measuring
of the speed of the sound, using the Dynamic Modulus
Tester-PPM-5R apparatus.

3. Resulis and Discussion

The colour characteristics of the unmodified polypro-
pylene (PP), modified polypropylene/polyvinyl alcohol

E‘g’ 2,5 1 s i
£ @ 98°C '
@ 20
3 B 108°C
0118°C

1,5

1,0 -

05 -

0,0

66}6\“‘3 4_,\“93
QQQ QQ@ QQ q V‘ Qy. QY-QBQV'Q’ Q’\r
PRI
Q“g Q“« Q“g qu

M ) ) o
QQ o,o.i\ "\\ "}‘ é\ g \\\Q A\
\\ Q?' \\?' 03‘1"' qt, h

b)

Fig. 1 The dependence of the K/S of unmodified and modified PP fibres on their composition (a) before and (b} after reduction cleaning
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(PP/PVA) and polypropylene/polyvinyl alcohol/nanocaddi-
tive (PP/PVA/NA) fibres were obtained by measuring the
CIE Lab parameters before and after the reduction clean-
ing (RC). These results are in Tables 2-3 and in Fig. 1.

The dyeing behaviour of a fibre depends on its physi-
cal and chemical structures. The hydrophebic PVA
modifier and the nanoadditive in the modified PP fibres
can enable the dyeing of these fibres with disperse
dyes.

Table 2 CIE Lab Characteristics of dyed PP, PP/PVA and PP/
PVA/NA fibres by Terasil Blue 3RL at the temperature

a) 98 °C, b) 110 °C and ¢) 120 °C

AL Al AH*
samples | pefore | aiter | before | after | before | after
RC RC RC RC RC RC
i =" = e = = =
2 -2.5 -1.3 2.7 2.0 1.0 0.5
3 -5.4 -1.1 5.4 1.9 0.7 1.1
4 -3.41 -0.8 4.2 2.3 0.8 1.6
5 -4.9 0.7 5.2 1.6 0.3 0.9
6 6.5 -11.3 10.3 15.5 59 5.3
7 =-17.5 | =12.2 18.9 15.0 5.7 4.6
8 —-12.4 | -1341 12.4 13.6 0.9 0.5
9 -16.8 | —=15.0 | 17.2 15.7 0.6 0.7
a) 98 °C
AL® ' AE" AH?
samples | pefore after | before | after | before | after
RC RC RC RC RC RC
i = = = - = =
2 -3.21 -0.23 3.41 0.77 1.0 0.3
3 -4.11 1.03 5.21 1.7 2.4 0.2
4 -3.39 0.24 5.38 1.6 4.1 0.9
5 -1.18 1.17 3.55 3.3 3.3 0.2
6 -14.2 | -17.48 18.7 (25.39| 10.2 10.6
7 -14.26 | —16.1 | 18.27 | 2066 | 9.9 8.3
8 -55 |-12.33| 591 |1467| 09 3.2
9 -10.38 | -15.25 | 11.64 | 17.75 1.9 4.0
b) 110 °C
AL” AE* AH®
samples | hefore | after | before | after | before | after
RC RC RC RC RC RC
1
2 1.76 0.53 181 | 0.86 0.3 0.5
3 6.04 0.97 6.49 1.19 1.0 0.7
4 7.6 3.78 8.39 3.92 0.6 0.9
B 11.47 | 3.31 12.9 3.6 1.4 1.4
6 -7.97 |-18.28| 1074 23.41 7.0 2.0
7 -6.14 |-21.43 7.52 25.25 34 7.1
8 1.24 |-12.08 4.41 13.39 4.1 1.7
9 0.47 42.43! 3.91 13:15 3.5 2.0
¢) 120 °C
Wlakna a textil 12 {3) 111-116 (2005)
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The increase in the PVA content improves the dye-
ability of the modified PP/PVA fibres in comparison
with the unmodified PP fibre at 98 and 110 °C before
RC (Fig. 1a). Turned inside out, the dyeability of the
PP/PVA fibres at a temperature of 120 °C is lower. The
addition of NA, the K/S of the modified PP/PVA/NA is
increased markedly in comparison with the PP and
PP/PVA fibres at all temperatures. The effect of the
increased PVA content at the constant NA content on
the dyeing of the modified PP/PVA/NA fibres was not
observed.

After the reduction cleaning, the K/S of the PP/PVA
fibres decreased to the value of the K/S of the PP fi-
bre. It is possible to assume that the PVA forms large
pores in the medified PP/PVA fibres. They are larger
than the dye molecules; therefore, the dye molecules
are not fixed and released from the fibre into the bath
during the reduction cleaning, and they have no abil-
ity to remain (Fig. 1b). On the other hand, the effect
of the nanoadditive on the stability of the dye in the
modified PP/PVA/NA fibres after the reduction clean-
ing is significant. The nanoadditive forms attractive dye
sites in the modified PP/PVA/NA fibres for their better
dyeing from the bath. The K/S of the PP/PVA/NA fibres
is higher than the K/S of the PP/PVA fibres after RC,
too. From the results it can be stated that the increase
in the dyeing temperature markedly increases the K/'S
only for the modified PP/PVA/NA fibres with a low PVA
content (1 and 3 % wt.).

The results of the colour characteristics, i.e., the
difference in lightness (AL*), the total colour differ-
ence (AE") and the shade difference (AH") of the dyed
unmodified polypropylene (PP), the modified polypro-
pylene/polyvinyl alcohol (PP/PVA) and polypropylene/
polyvinyl alcohol/nanoadditive (PP/PVA/NA) fibres
before and after the reduction cleaning (RC) indicate
that the very interesting connection of the PVA is 1
-3 wt. % and 0.5 wt.% of the NA (Table 2a—c). The
colour difference (AE") increases with the increase in
the dyeing temperature before and after the reduction
cleaning. The value (AL") indicates that the modified
PP/PVA and PP/PVA/NA fibres are darker than the
PP fibre (standard). All the CIELab characteristics of
the modified polypropylene/polyvinyl alcohol (PP/PVA)
and polypropylene/polyvinyl alcohol/nancadditive (PP/
PVA/NA) fibres are lower after the reduction cleaning
because the PVA is washed out from the PP/PVA fi-
bres and leaves large enough pores, which are larger
than the particles of the disperse dye. All the modified
fibres have a positive value of (AH*), which means that
the modified PP/PVA and PP/PVA/NA fibres dyed with
disperse dye had a ruddier shade than the PP fibres.

From the results of the mechanical-physical propet-
ties of the unmodified PP and modified PP/PVA and
PP/PVA/NA fibres, it can be stated that the tenacity
of the modified PP/PVA fibres decreases linearly with
the increase in the PVA content. The decrease in the
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Table 3 The mechanical-physical properties (tenacity ¢, elongation
€ and their variation coefficient CV) and orientation factor
f, of unmodified and modified PP fibres

samples . C,V fa
(cN/dtex) (%)
1 3.03 1.86 0.35
2 2.55 2.59 0.36
3 2.54 2.96 0.33
4 2.32 3.41 0.31
5 2.17 6.82 0.26
6 2.49 2.84 0.35
7 1.56 11.4 0.32
8 1.97 11 0.3
9 223 2.2 0.19

tenacity of the modified PP/PVA/NA fibres with the PVA
content is not linear, but it passes through a minimum
(Table 3). The highest decrease in tenacity is recorded
for the modified PP/PVA/NA fibres with a composition
of 96.5/3.0/0.5 % wt. The orientation factor decreases
linearly with the increase in the PVA content in the
modified PP/PVA fibres as well as in the modified
PP/PVA/NA fibres.

4. Conclusion

In this paper the dyeability, the mechanical-physical
properties and the orientation factor of the unmodified
PP, modified PP/PVA and PP/PVA/NA fibres were stud-
ied. From the results obtained it can be stated that:

— The PVA increases the sorption of the dye from a
bath of the modified PP/PVA fibres but does not
provide for its stability in the fibre.

— The addition of the NA increases the sorption of the
dye as well as the stability of the dyeing of the modi-
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fied PP/PVA/NA fibres.

— The addition of the PVA and both the PVA and NA
decreases the mechanical-physical properties as
well as the orientation factor of the modified PP/PVA
and PP/PVA/NA fibres.

Acknowledgements. Support of the National Grant Agency of
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Vplyv polyvinylalkoholu a nanoaditiv na koloristické
vlastnosti modifikovanych polypropylénovych viakien

Translation of abstract:
The Effect of Polyvinyl Alcohol and Nanoaditives on the Colour Properties of
Modified Polypropylene Fibres

Modifikacia polypropylénovych (PP) viakien je Casto
orientovana na zlepSenie ich hydrofility a vyfarbitelnosti
z kupela. Modifikacia polypropylénu nanoaditivami
(NA) je efektivny sp6sob pripravy novych vlakien
s vylepSenymi vlastnostami pre textil a technicke aplika-
cie. Pri modifikacii PP vlakien nanoaditivami sa zvysila
ich vyfarbitelnost disperznymi farbivami z kuipela.

V préaci sa hodnotil vplyv polyvinylalkoholu (PVA)
a nanoaditiva (NA) na Strukturu, koloristické a me-

Vidkna a textil 12 (3) 111-116 {2005)

chanicko-fyzikalne viastnosti modifikovanych PP/PVA/
NA vlakien. Na zéklade ziskanych experimentainych
vysledkov je mozné konstatovat, Ze modifikované
PP//PVA/NA vlakna maju vyssiu schopnost sorbovat
disperzné farbivo z kupela ako PP/PVA vlakna. Pri-
danim modifikatorov (PVA a NA) sa znizili mechanicko-
fyzikalne vlastnosti ako aj faktor orientacie modi-
fikovanych PP/PVA/NA viakien.
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Testing Methods

COAGULANT PRETREATMENT AND FENTON TREATMENT
OF COLOURED WASTEWATERS FROM COTTON DYEING
CONTAINING ONE OR A MIXTURE OF CIBACRON
BIFUNCTIONAL REACTIVE DYES: YELLOW FN-2R, RED
FN-3G, AND NAVY FN-B

Prousek, J., Vavrekova L.

Department of Environmental Engineering, Faculty of Chemical and Food Technology,
Slovak Technical University, Radlinského 9, 812 37 Bratislava, Slovak Republic
E-mail: jozef.prousek@stuba.sk

This study examines the use of chemical coagulant pretreatments and Fenton's reagent treat-
ment for wastewaters coloured from cotton dyeing and containing one or a mixture of CIBACRON
bifunctional reactive dyes such as Yellow FN-2R, Red FN-3G, and Navy FN-B. Ferrous sulfate
(FeSO,-7H,0) was used as a coagulant. In the second treatment step, the standard Fenton’s re-
agent (Fe'/H,0,) was applied for the textile dye degradation. The initial dye liquor contained the
dye (1.2 g I”"), sodium sulfate (60 g I"'), sodium carbonate (14 g I"") and the Spolion 8 (4 g I")
wetting agent. The experimental results were assessed in terms of chemical oxygen demand
(COD) and colour removal to determine the overall treatment efficiency of both processes. Each
wastewater was found to reach a different COD removal efficiency, but in all the cases the colour

was completely removed.

1. Introduction

The treatment of wastewater from textile dyeing is an
environmental problem that has received considerable
attention. At the present time great efforts are being
made to minimize the quantity and toxicity of industrial
effluents. This wastewater is primarily derived from ef-
fluents from desizing, printing, and dyeing processes.
The effluent from textile processing is often discharged
to municipal sewage treatment plants or directly to wa-
terways. Textile industries are the largest consumers
of dye stuffs, and it is estimated that 10-15 % of the
dye is lost during the dyeing process and is released as
effluent. Textile dyes are not biodegradable, particularly
the reactive dyes [1]. Despite this fact, it is possible to
use some special biotreatment processes for deco-
lourization. For example, a mixture of various reactive
textile dyes was successfully treated by the white-rot
basidiomycete Phanerochaete sordida [2].

Reactive dyes are one of the most widely used
classes of dye, accounting for 32% of the quantity
and approximately 43% of the value of the world’s
consumption of dyes using cellulosic fibres [3]. They
also have a low fixation relative to other classes of
dye, with an average 70 % of the reactive dye that is
used in the dyeing process being affixed to the fabric.
Reactive dye that remains in the effluent is hydrolyzed
during the dyeing process and therefore cannot be
reused. The reactive dyeing process produces two dif-
ferent waste streams. The initial concentrated dyebath
effluent is above 50 °C, has a pH of at least 11, and
contains up to 0.6 g I”" unfixed dye and 40-80 g I"" salt
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(NaCl or Na,S0,) as well as small quantities of other
additives [4].

There are several possible methods for the treatment
of wastewater from textile dyeing. Although biological
treatment processes are often the most economical
for contaminated industrial wastewater treatment, ad-
vanced oxidation processes (AOPs) provide an effec-
tive means of rapidly treating biorefractory compounds
such as dyes with efficient process control [5-8].

It is well known that one of the most important AOPs
in coloured wastewater treatment is the Fenton reac-
tion [9, 10]. Oxidation by Fenton’s reagent (Fe®/H,0,)
is traditionally attributed to the generation of hydroxyl
radicals via the following Fenton reaction:

Fe* + H,0, + H* - Fe* + HO"+ H,0 (1)

Therefore, the chemistry related to the use of Fen-
ton’s reagent is, above all, radical chemistry [11, 12].
The hydroxylation and oxygenation of substrates is the
result of these reactions. The considerable reactivity
of the hydroxyl radicals is clearly documented in their
atmospheric [13, 14] and biological reactions [15, 16]
with organic and biclogical substrates. The reactions
of hydroxyl radicals may be classified with respect to
their character as follows:

i) reaction proceeding by hydrogen abstraction,

RH + HO" — R" + H,O (2)
i) addition reactions,
ArH + HO" — HO-ArH" (3)

R,C=CR, + HO'— HOR,C—C'R, (4)
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iii) oxidation reactions.

ArH + HO" = ArH™ + HO™ (5)
M™ + HO" » M+ 1+ 4 HO™ (6)

The main radical intermediates formed during a
Fenton reaction are carbon-centered R’ radicals and
oxygen-centered radicals such as ROO" and RO’,
where R is alkyl or hydrogen. The propagation steps
of the radical reaction lead to the formation of non-radi-
cal products or to the formation of new radicals. In the
case of azo dyes, the addition of hydroxyl radical to the
azo chromophore has been proposed as the first step
of the reaction. According to [17], a hydroxyl radical
adds to the azo linkage-bearing carbon of a hydroxy
or an amine-substituted aromatic ring. The resulting
HQO - adduct breaks down to produce benzene as the
final product. Another mechanism has been described
[18]. It has been proposed that in the first step, hydroxyl
radical adds directly to the azo group (—=N==N-), with
subsequent steps which can be described as follows:

R'—N=N—R? + HO' - R'(HO)N—N' -R* (7)
coloured colourless

R'(HOIN—N'-R? + 0, - R'(HO)N—N(OO"R?* -
— R'-NO + R?*-NO, (8)

Very rapid decoloutization in the first minutes of a
Fenton reaction suggests this mechanistic pathway
— the addition of the HO" radical to the chromophore.

Biological treatment systems are generally 5-20
times cheaper to build and 3-10 times cheaper to op-
erate than are AOPs oxidative treatment systems [19];
therefore, the maximum biological removal of contami-
nants is desirable. Where the wastewater stream con-
tains predominantly stable biorecalcitrant compounds,
it is possible to partially degrade the target compounds
with hydroxyl radicals in order to increase their sus-
ceptibility to biological degradation. The majority of the
wastewater COD can then be removed with a relatively
cheaper biological treatment.

The present paper investigates coagulant pretreat-
ment and Fenton treatment of coloured wastewaters
from cotton dyeing in order to remove the colour and
decreased residual COD.

2. Experimental

Actual coloured wastewater

Actual coloured wastewaters were produced in
a laboratory scale and obtained from a cotton dyeing
process by CIBACRON bifunctional reactive dyes such
as Yellow FN-2R, Red FN-3G, and Navy FN-B (Ber-
nath J., Diploma work, STU Bratislava, 2001). Each
of the ten different wastewaters contained one dye or
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Table 1 Dyes used for cotton dyeing

Colour Dyes and the ratio used

Yellow CIBACRON Yellow FN - 2R (denoted as A)
Red CIBACROCN Red FN - 3G (denoted as B)
Blue CIBACRON Navy FN — B (denoted as C)
Orange The mixtureof A:B=2:1

Khaki The mixtureof A: C=2:1
Scarlet The mixture of B: A=2: 1

Brown The mixture of A:B:C=1:1:1
Green The mixture of C: A=2:1
Bordeaux The mixture of B: C=2:1

Violet The mixtureof C:B=2:1

a mixture of dyes (see Table 1). The initial dye liquor
was composed of the dye (1.2 g I""), sodium sulfate
(60 g I'"), sodium carbonate (14 g I”') and the Spolion
8 wetting agent (4 g 7).

Coagulant pretreatment and Fenton treatment

One g of FeS0O,-7H,0 as a coagulant and 0.3 ml of
20 % NaOH were added to the well-mixed coloured
wastewater (350 ml) and the coagulation finished after
1 h mixing and 1 h standing. After filtration, 300 ml of
the filter liquor was acidified to pH 3 and then treated
with Fenton’s reagent by adding the appropriate amount
of ferrous suifate and hydrogen peroxide (see Tables 2
and 3). The reaction was carried out for 1 h. Finally, the
samples were neutralized with NaOH and treated with
1 drop of coagulant (polyaluminiumchioride, PAC) and
1 drop of flocculant (0.1 % solution of Zetag 57) under
mixing. After 1 h settling, the supernatant was taken for
COD and residual colour analyses. A modified semimi-
cromethod was used for the COD measurements. Spec-
tral measurements of the treated wastewaters indicated
thatin all the cases, the colour was completely removed.
The results of the coagulation and Fenton treatment are
summarized in Tables 2 and 3.

Table 2 COD removal (%) after coagulation and Fenton treatment *
for the Fenton's reagent ratio H,0,/FeS0O, = 1750/1000

mg I
Treatment method

Total
COD, Coagulation Fenton effi-

Celous (mg ™) ciency
CaoD, Ne COD: e nr
(mg!™y | (%) [(mgl™) (%) (%)
Yellow | 3725 2155 42 895 58 76
Red 3360 2111 37 793 62 76
Blue 4921 3989 19 2128 47 57

* The colour removal was 100 % for all the dyes studied. COD,,
COD. and COD: are the initial value, after coagulation, and after
the Fenton treatment. ., nz and n; are COD removal efficiency
(%) after coagulation, Fenton treatment and total efficiency for
both treatment processes
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Table 3 COD removal (%) after coagulation and Fenton treatment
for the Fenton's reagent treatment ratio of H,0,/FeS0O, =
875/500 ¥ and 1750/1000 mg I

Treatment method
COD, | Coagulation Fenton 1_0?3! -
Colour (mg 1) ficiency
COD, Ne CODS Ne Nt
(mg ™) | (36) | (mg 1™ | (%) (%)
& 3600 | 2610° | 28 448 83 88
range
9 2250° | 38 717 68 80
i 2152 | 1076° | 50 | 1793 |+ 67 17
arl
1973° 8 1793 9 17
o 4842 2511 | 48 3587 |+43 26
carne
4393° 9 2331 | 47 52
. 4842 | 3228° | 33 | 1255 | 61 74
rown
3407° | 30 1973 | 42 59
& 4125 1076° | 74 1614 |+ 50 61
reen
1435° | 65 538 63 87
B 1973 | 1614° | 18 1793 |+ 11 9
ordeaux
1793° 9 1614 | 10 18
" 3766 10768° | 71 359 67 90
iole
1973° | 48 538 73 86

* The colour removal was 100 % in all cases.

3. Results and discussion

The rate of contaminant oxidation is limited by the
rate of hydroxyl radical production and the loss of
radicals in unproductive side reactions. According
to general Fenton reaction principles [10], the basic
mechanism of the Fenton treatment consists of oxida-
tion and chemical coagulation of the dye molecules.
The ferric ions generated in the Fenton reaction react
with hydroxide ions to form ferric hydroxo complexes,
which are capable of capturing the decolourized dye
or other organic molecules and precipitating them
out. Such a coagulation/precipitation action has been
previously applied [20, 21]. The need to decrease the
organic contaminants’ content had been realized by
the ferrous sulfate coagulation pretreatment before the
application of the Fenton’s reagent treatment. As ap-
pears from Tables 2 and 3, in some cases coagulation
pretreatment has led to a high value of COD removal
in this first treatment step. For example, in the case of
a green dyebath, the initial high COD value of 4125 mg
I" decreased after coagulation to 1076 mg.”" (74 %
COD removal), or in the case of a violet dyebath, the
coagulation treatment resulted in a decrease from
3766 mg ™' to 1076 mg I"'. It is necessary to note
that without the coagulation pretreatment step, the
efficiency of the Fenton treatment was low. In some
cases, as can be seen from the results (see Table 3),
the COD value after the Fenton treatment increased.
This is a case of the low oxidizable organic compounds
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in COD dichromic oxidation. The low oxidizable abil-
ity of these type of compounds was increased by the
Fenton treatment. For example, the initial COD value
of a khaki dyebath after coagulation was 1076 mg I,
which was increased by the Fenton treatment by + 67
%. A similar situation was alsc observed in the case
of scarlet, green, and Bordeaux dyebath wastewaters
after a Fenton treatment (see Table 3). In most cases,
however, coagulation and the Fenton treatment led
to the COD decreasing in every step of the treatment
processes.

As was pointed out above, in all cases of the treat-
ment processes the colour was completely removed.
This is a very important fact for coloured wastewater
treatment. But it must be emphasized again that without
coagulation pretreatment the colour was removed only
to a lesser extent.

Also, the amount of Fenton’s reagent used versus
the efficiency of COD removal is of basic importance.
It appears from Table 3 that the efficiency of Fenton’s
reagent treatment is dependent on the dye chemical's
origin and the organic compounds’ content and char-
acter. The result of the treatment process also de-
pends on the dyebath used, i.e., whether the bath is
composed only from one dye or a mixture. Thus, in the
case of one dye used in a dyebath, the results show
that both treatment processes are efficient (see Table
2). Similarly, in the case of dye mixtures, sometimes
the treatment process increased the efficiency of COD
removal, but sometimes the total efficiency of COD
removal was low (see Table 3). It is also clear from the
data surmmarized in Table 3 that a higher concentration
of Fenton's reagent did not lead to better results in all
cases. This fact is of interest from an economic view,
and the COD removal achieved is not adequate for a
greater utilization of Fenton’s reagent concentrations.

It can be concluded that the treatment systems
utilized are suitable AOPs for the decolourization of
coloured wastewater and also for decreasing the ini-
tial COD content. In addition, the coagulation and
precipitation used in the Fenton treatment step led to
better results in COD removal and also to a significant
decrease in the setting time.

4, Conclusion

In the present study, a two-step treatment process,
i.e., coagulation with ferrous sulfate in the first step and
Fenton's reagent treatment in the second step, was em-
ployed for the treatment of coloured wastewaters from
cotton dyeing. In some cases the coagulation step led
to a high degree of COD removal similar to the second
Fenton treatment step. Sometimes the presence of
recalcitrant organic compounds in the treated waste-
water resulted in an increase in the final COD value
after the second step of the treatment. This is a good
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starting situation for the next possible biotreatment
step. Also, the application of PAC as a coagulant and
organic polymer as a flocculant at the end of the Fenton
treatment step appeared to be a way to increase the
COD removal. The total decolorization of all the treated
wastewaters was achieved. It could be generally pro-
posed that the wastewater after treatment was more
suitable for biological treatment processes, as was
similarly described by the authors in [22] for the AOPs
system known as continuous Fenton’s process, which
is composed of three treatment parts — coagulation
pretreatment in the first step, the Fenton treatment in
the second step and biological treatment with activated
sludge in the third step.
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Koagulacna preduprava a pouzitie Fentonovej reakcie
na Cistenie farebnych odpadovych véd z farbenia baviny
jednou alebo zmesou CIBACRON bifunkénych reaktivhych
farbiv: Yellow FN-2R, Red FN-3G a Navy FN-B

Translation of abstract:
Coagulant pretreatment and Fenton treatment of coloured wastewaters from
cotton dyeing containing one or a mixture of CIBACRON bifunctional reactive
dyes: Yellow FN-2R, Red FN-3G, and Navy FN-B

V préaci bola studovana chemicka koagulacia ako
prediprava a Fentonova reakcia na Cistenie farebnych
odpadovych vod z farbenia baviny, ktoré obsahovali
jednu alebo zmes CIBACRON bifunk&nych reaktivnych
farbiv a to Yellow FN-2R, Red FN-3G a Navy FN-B. Ako
koagulant bol pouZity siran Zeleznaty (FeSO,-7H,0).
Na degradéaciu textilnych farbiv bola v druhom stupni
gistenia pouzita $tandardna Fentonova reakcia (Fe?/
H,0,). Pévodny farbiaci roztok obsahoval 1,2 g.I"'
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farbiva, 60 g.I”" siranu sodného, 14 g.I”" uhli¢itanu

sodného a 4 g.I”' zméadacieho prostriedku SPOLION
8. Experimentalne vysledky boli hodnotené na zaklade
odstranenia chemickej spotreby kysliky (CHSK) a fareb-
nosti za ucelom uréenia celkovej Gcinnosti obidvoch
procesov. KaZzda odpadova voda dosahovala rézne
hodnoty Ucinnosti odstranenej CHSK, ale vo véetkych
pripadoch bola farebnost odstranena Uplne.

Vlakna a textil 12 (3) 116-120 (2005)



Prehladné ¢lanky

Review Articles

POLYMERNE Q/LAKNI'[E) NANOKOMPOZITY, PRIPRAVA,
STRUKTURA A VLASTNOSTI

Marcincin A., Dolgos O.

Slovenska technicka univerzita v Bratislave, Fakulta chemickej a potravinarskej technolégie,
Radlinskeho 8, 812 37 Bratislava, e-mail: anton.marcincin@stuba.sk

V kompilacnej praci sa diskutuje suéasny vyvoj pri priprave, hodnoteni Struktlry a vybranych
vlastnosti polymérnych nanokompozitov na béze polyesterov, polyamidov a polypropylénu.

Prispevok je zamerany najméa na analyzu vplyvu Upravy vrstevnatych silikatov organickou fazou,
kompatibilizatorov a technologického zariadenia na process delaminacie a exfoliacie ¢astic. Okrem
toho sa v prispevku pojednava o nanokompozitoch na baze akrylovych a lakténovych polymérov
a netradiénych postupoch Upravy anorganickych ilov.

1. Uvod

Nanoveda a nanotechnologie (NVT) predstavuji
v slcasnosti jednu z najperspektivnejsich ciest pre
inovaciu technolégii a materidlov. NVT sa nachéadzaju
na krizovatke vednych a technologickych odborov.
Maju teda charakter prierezového zamerania s tym,
Ze okrem vyuZzivania poznatkov z jednotlivych odborov
prinasgaju nové originalne modely, postupy, metody
a materialy.

V poslednom desatroéi sa vo vyskume polymérov
pouZivaju velmi intenzivne anorganické nanocastice
ako nizkoobjemové aditiva (0—-15%) pre zvySenie
Uzitkovych viastnosti polymérov. Tieto polymérne na-
nokompozity dovoluju zvy8enie mechanickych viast-
nosti polymérov a zaroven poskytuju polymérom rad
dalsich vlastnosti s vy$Sou pridanou hodnotou ako su:
zniZenie priepustnosti plynov a par, zniZenie horlavosti,
zvysenie teploty rozkladu a odolnosti vo¢i chemikéaliam.
Riadenie morfolégie pri spracovani je zakladom tech-
nolégie kompozitov. UmoZniuje pripravu technickych,
inzinierskych materialov.

Nanomaterialy vyuZivaju ,staticke” (€asovo nezavislé)
charakteristiky nanoplniv. Rovnako je moZné uvaZovat
o vyuzivani ,dynamickych” viastnosti a charakteristik
nanocastic ako je lokalna zmena teploty, skrutenie
alebo ohyb Castice alebo povrchu, rotacia alebo trans-
lacia nanocastic ako odozva na vonkajsie pésobenie
optického, elektrického alebo magnetického pola. Je
to perspektivna prileZitost pre vyskum Struktirne adap-
tivnych nanokompozitov (SANK) a novych procesov
riadenia morfolégie polymérnych materialov [1].

Pri adaptivnych Strukturalnych nanokompozitoch
sa vyuZivaju najmé ich mechanické charakteristiky
ako je tvrdost, mékkost, tuhost, Unavné viastnosti,
sorpcia vody, rychlost opotrebenia, odolnost voci me-
chanickému pogkodeniu povrchu, povrchové trenie-
lubricita a iné. V protiklade k vyuZitiu statickych me-
chanickych vlastnosti, mechanické viastnosti SANK
su kontrolovatelné a laditelné vzhladom k odozve na
vonkajie podnety. Tieto spustacie podnety sa modzu
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zamerne aplikovat ako bezné impulzy budiov po-
honov alebo mézu byt spojené s rozsirenym prahom
operacneho prostredia ako je samopasivacia alebo
samooprava podkodenych &asti v agresivnom prost-
redi. V kaZdom pripade aplikacia anizotropnych nanoel-
ementov ako su uhlikové nanotrubice a vrstvené silika-
ty ku tradiénym monolitickym adaptivnym polymérom
ako su napriklad termoplasticke elastomeéry poskytuje
prostriedky k modifikacii chovania sa polymérov, dalej
k novym alebo zlepSenym vlastnostiam vyplyvajticich
zo spojenych sieti nanoelementov a koneéne k vyuZitiu
nanoelementov na spustanie zmeny v chovani sa poly-
méru [2, 3].

Priklady demonstrujice nové horizonty, spojené
s tymito adaptivnymi nanokompozitami zahriuju
samopasivaciu vrstvenych silikatovych nanokompozi-
tov v agresivnom prostredi [2], piezo- a pyro- elek-
trické charakteristiky viacnasobnych stien uhlikovych
nanotrubic v elastomérmych nanokompozitoch, nové
elektrické a opticke tvary pri zotaveni nanokompozitov
[3] a dynamiku nanokompozitnych budicov [4].

Chemickeé, fyzikalne a inZinierske postupy pre
dezintegraciu vrstvenych krystalov (vrstvené silika-
tové taktoidy, jednostenné pasky C-nanotrubiek),
zamerané na dosiahnutie rovnomernej distribticie
nanoelementov je Specifické pre nanotechnoldgie
a nanomaterialy. V8eobecne sl tieto postupy malo
rozpracované. Rovnako su malo rozvinuté postupy
pre priestorovo a orienta¢ne riadenu hierarchickd mor-
fologiu s preciznostou porovnatelnou s konvenénymi
textilnymi technolégiami ako je zdruZovanie vlakien
a tkanie. VyuZitie vlastnosti medzifazového rozhra-
nia polymér — nano€astica a jedine¢nosti vlastnosti
mnohych nanocastic poskytuji moznost dosiahnut
precizne riadenie morfologie, véitane manipulacii
s elektrickym a magnetickym polom [5]. Cez riadentl
nano8kalovl distribliciu kazdej zlozky a makroskopickd
orientdciu a distriblciu zloZenia je moZné uvazovat
o vystuzujucich efektoch, o opracovani a spajani ul-
trapevnych polymérov ako aj o optickej difrakcii. Vyvoj
aktivnych polymérnych nanokompozitov s novymi
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vhodnymi vlastnostami poskytne nové prileZitosti ku
vytvoreniu priestorovych kompaktnych $truktir, napr.
pre automobilovy priemysel.

2. Struktira a vlastnosti PES silikatovych
vrstvenych nanokompozitov

Nové postupy pripravy polymérmych nanokompozi-
tov a s tym spojena funkcionalizacia nanocastic su
v poslednych rokoch stredobodom pozornosti poly-
meérnej i materialovej vedy. Jednoducha mySlienka
kombinéacie dvoch materialov otvara cestu k novym
vysoko UZitkovym materialom. Mimoriadny zaujem
z akademického i priemyselného hladiska je venovany
nanokompozitom, ktoré pozostavaju z polymérnej ma-
trice a anorganického plniva. Struktira takychto ma-
terialov vyZaduje riadenie rozmerov a povrchovych
vlastnosti ¢astic, pretoZe jednoduché zmesovanie kom-
ponentov napriklad cez extriiziu nedéva poZadovanu
homogenitu a distriblciu Castic, tieto silne aglomeruju,
pricom sa neziskaju ani poZzadovane fyzikalne a me-
chanické vlastnosti [6].

Interkalacia a exfolidcia su postupy na pripravu
polymér-silikatovych vrstvenych nanockompozitov cez
interkalaciu monomérov, polymérnych tavenin ale-
bo roztokov polymérov. S touto technikou st spojené
aj problémy, najma: a) st nevyhnutné silne interakcie
medzi polymérom a silikatom ¢o brani interkalacii nepo-
larnych polymérov, b) polymerizacia monomeérov je
Casto sprevadzana bocnymi reakciami, c) interkalacia
taveniny vyZaduje nizku viskozitu, d) anorganické latky
s tesnymi vrstvami alebo s nevymenitelnymi iénmi ako
napriklad grafit, V,05; ,M0oS,, mastenec a dalsie s
velmi tazko interkalovatelné. Konecne, pre systemy
polymer — uhlikové nanotrubky je modifikécia fazového
rozhrania este stale v polohe velkej vyzvy.

Polymérne interkalované/exféliované nanokompo-
zity st predmetom extenzivneho vyskumu v posled-
nom desatroéi [7, 8]. Velky pocet prac je venovany
priprave kompozitov s riadenou morfologiou. Vzhladom
na charakter aluminosilikéatovych povrchov zviastny
zaujem predstavuje Studium vplyvu idnovych skupin
v semikrystalickych polyméroch na tvorbu morfologie
vrstvenych silikatovych polymérnych nanokompozitov.
Z tohto hladiska su zaujimaveé interakcie sulfonovaného
PET a Castic MMT,

Priprava PET nanckompozitov s nanoc¢asticami MMT
sa Studovala najma z hladiska zvysenia mechanickych
vlastnosti [9] a zniZenia priepustnosti plynov [10]. Ex-
perimenty poukazali na silny vplyv nanocastic a ich
distriblcie na krystalizaciu PET [11]. MMT pri vysSej
koncentracii (nad 3%) zniZzuje rychlost krystalizacie
PET. MMT platni¢ky posobia ako krystalizacné centra
a zvysuju teplotu krystalizacie, resp. znizuju poléas
krystalizacie. Kry3talizaciu ovplyviiuje tieZ obsah iéno-
mernych skupin [12]. V préaci [13] sa Studovala mor-
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foloégia, mechanicke vlastnosti a kinetika kry3talizacie
PET a sulfonovaného PET, (SPET) s obsahom 1,8;
3.9 a 5,8 % mol. sulfonovanej kyseliny tereftalovej
(izoftéalovej).Ako nanoplnivo sa pouzili rézne druhy
MMT typu Cloisite. Nanokompozity sa pripravili na
16 mm dvojzavitovkovom extrideri. Ako metédy sa
pouzili: réntgenogratfia, TEM a DSC. lénove interakcie
medzi Statisticky zavedenymi sulfoskupinami do PET
retazca a MMT s priaznivé pre dispergéaciu organicky
modifikovaného nanosilikatu. Ukazalo sa, Ze sledované
typy MMT nemaju vyznacénejsi nukleacny ucinnok pri
krystalizacii SPET (PETI). Aj ked sa priprave PET/MMT
nanckompozitom doteraz venovala velka pozornost
[14], plne dispergovany — exfoliované systémy doteraz
neboli publikované.

Studovali sa tiez dalSie typy polyesterovych nano-
kompozitov [15, 16]. Pre systém PBT/MMT sa pouZili
komercné typy modifikovaného MMT (Nanofil, Cloisite
a Dellite) [15]. Na pripravu sa pouZili dvojzavitovkovy
extrider Haake a Brabender mixér. Nanokompozity sa
pripravili o koncentracii 3, 6 a 9%, pri teplote 230°C.
Studovala sa morfolégia nanokompozitov v zavislosti od
podmienok pripravy. Morfologia PBT nanokompozitov
sa Studovala pomocou TEM. Uréité typy komerénych
MMT vykazovali vyS8i stupen exfoliacie. Podobne
vy$si podiel exfoliacie vykazovali vzorky pripravené
s pouZitim extridera v zavislosti od rychlosti vytlacania.
Vlastnosti finalneho materialu st striktne vztahované
k interakciam medzi MMT a polymérom. Nanofil 919
a Cloisite 25A davali viac homogénne disperzie. VySsie
moduly boli stanovené pre PBT/Cloisite kompozity.

Pri priprave nanokompozitov na baze polyetylén-
naftalatu (PEN) a vrstevnatych ilov sa ily opracovali
s acetatom antimonu a 12-karboxyl dodekanamaéniom
alebo obidvomi komponentmi sicasne [16]. PEN/ily
nanokompozity boli pripravené cestou polymerizécie
in situ. Cez rozlicne stupne disperzity nanocastic sa
sledovala kompatibilita medzi ilom a polymérnou matri-
cou a vplyv intergaleriovej katalyzy na delaminaény
proces v PEN matrici. Nanokompozity sa hodnotili
polarizagnym mikroskopom so skrizenymi hranolmi
a pomocou rtg. difrakcie. Kombinacia organického
aditiva s acetatom antiménu ako katalyzatorom reakcie
sa ukazala z hladiska kompatibility a stupna disper-
zity vyhodnejsia, ako pouzitie uvedenych latok samo-
statne.

3. Polyamidové nanokompozity, vplyv postupu
pripravy na ich Strukitru a viastnosti

Polymérne vrstvené silikatové nanokompozity
sa objavili v patentove] literattre okolo r. 1950 [17]
a Specialne polyamidové nanckompozity sa objavuju
v r. 1976 [18]. Vyskumni pracovnici firmy Toyota a. s.
[19-21, 22] zacali detailné Studium tychto kompozitov,
ktoré sa rozsirilo na dalSie pracoviska. Prvé silikatové
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kompozity sa pripravili pridavanim tuhych éastic pri
taveni alebo pred polymerizaciou laktamu in situ. Je
jasné, Ze aj druha cesta pripravy vedie cez taveni-
nové spracovanie. V obidvoch pripadoch je potrebne
predpokladat, Ze podmienky spracovania budud mat
délezity vplyv na charakter tvoriaceho sa kompozitu.
V literature je v tomto smere len velmi malo informécii
[23]. Je vela dbvodov preco taveninové spracovanie
nanokompozitov sa uprednostiiuje pre komercné
vyuzitie. Najznamejsie organosilikaty su na baze
montmorillonitu (MMT), ktory méa specificky povrch
az 750 m?/g. Nanokompozity tvorené zmesovanim
tavenin su popisané v pracach [23-33], avsak tieto
prace neposkytuju informacie o vplyve podmienak
dispergacie a homogenizacie na ich Strukturu. DoleZitd
ulohu pri dispergacii MMT v polymérnej matrici méa
Uprava anorganickych &astic organickou fazou. Tieto
Upravy a najmé vyber organickych latok vyznamne
ovplyviuje stupen disperzie plniva [26-29], [33]. Okrem
toho vyznamnu Ulohu pri dispergacii maju mnohé dalsie
detaily procesu. Nastastie mnoho beZnych pinidiel ako
napr. CaCO,;, MMT méZu sa stiepat a dispergovat az
do hribky ¢astic okolo 1 nm. Neseparované vrstvy
MMT po vneseni do polyméru su ¢asto vo forme tak-
toidov [33, 34]. Termin interkalacie vyjadruje pripad
ked malé mnoZstva polyméru vnikaju do medzivrstev-
ného priestoru medzi platnicky ¢astic piniva avsak
pritom dochadza k separacii platniiek do vzdialenosti
mensej neZ 2—3 nm. Exfoliacia alebo delaminacia sa
vyskytuje v pokracujlcej separacii platnic¢iek pricom ich
vzdialenost je nad 10 nm. Plne exfcliované a disper-
gované nanokompozity pozostavaju z delaminovanych
Castic rovnomerne distribuovanych v polyméri.

Organosilikaty pre nanokompozity sa dodavaju
s Casticami okolo 8 pm. Kazda z tychto ¢astic obsa-
huje radove 10° platnigiek, ktoré sa mdZu od seba
oddelit v priebehu delaminécie a dispergacie. Pri vyso-
kom stupni disperzity je mozné ocakavat maximalny
vplyv nanocastic na vlastnosti polyméru. Doteraz sa
popisali pozitivne vplyvy organosilkatov na vlastnosti
mnohych polymérov: je to vplyv na mechanicke vlast-
nosti, tepelnu stabilitu, rozmerovi stabilitu, barierové
vlastnosti a znizenie horlavosti. Celkové zlep3enie
pripadne ziskanie novych vlastnosti polymérov zavisi
vyznamne od stupna disperzity a pripadnej orientécie
Castic v zavislosti od kombinacie chemickej upravy
a optimalnych podmienok spracovania.

V praci [35] sa Studovala dispergovatelnost dvoch
typov nanosilikatov v PA6 za pouitia roznych typov ex-
trderov. Struktira polymémych rianokompozitov sa cha-
rakterizovala réntgenograficky, transmisnou elektrénovou
mikroskopiou a meranim mechanickych vlastnosti. Stupen
distriblcie Castic sa interpretoval pomocou ¢asu zotrvania
polyméru v extrideri a intenzitou Smykowvych velicin. Na
zaklade vysledkov sa navrhuje model, ktory objasniuje
delaminaciu organosilikétov v polyméri v zavislosti od
$mykovych podmienok a od ¢asu dispergéacie.
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Okrem toho sa studoval vplyv typu extrlidera, kon-
figuracie zavitovky a ¢asu zotrvania v extrideri na
morfolégiu nanokompozitov a ich mechanicko-fyzikalne
vlastnosti. Na zaklade ziskanych vysledkov sa navrhuje
mechanizmus delaminécie a dispergéacie organosi-
likatov v polyamide 6. PouZil sa komerény polyamid 6
a organoily typu Cloisite 15A a Cloisite 30B. Polyamid 6
mal molekulovi hmotnost 30 000g/mol a zodpovedajuci
MFI 12 g/10 min. Pre experiment sa pouZili extruderi
s niekolkymi konfiguraciami zavitoviek. Koncentracia
organoilov bola okolo 5 %, obsah anorganického plniva
pri 30B a 15A bol 3,7 alebo 3,1 % (podla obsahu or-
ganickej fazy).

Stupen delaminacie a disperzity nanokompozitu bol
monitorovany réntgenograficky Sirokouhlovym roz-
ptylom X-li¢ov alebo XRD a analyzou reflexnych stop
a transmisnym elektrénovym mikroskopom (TEM).
Uroveh disperzity sa posudzovala na zaklade TEM
poctom platniCiek na ploche obrazku.

Vplyv exirudera, konfiguracie zavitovky a casu

hnetenia.

Hodnotila sa Uéinnost Styroch extriderov s réznou
geometriou zavitovky.

1. Jednozavitovkovy extruder ©® = 25,4 mm ukonceny
hlavou s vysckou intenzitou miegania

2. Dvojzavitkovy extruder s korotujucimi zavitovkami @
= 30 mm, samostieracim u¢inkom

3. Dvojzavitkovy extuder Leistritz @ = 34 mm
s nesuhlasnym cotacanim zavitoviek, ktoré spolu-
zaberaju (konjugovang)

4. Dvojzavitovkovy extruder Leistritz ©® = 34 mm s
nesuhlasnym otacanim zavitoviek uloZenych vedla
seba (nekonjugované)

Okrem toho sa menila geometria zavitoviek, ¢im sa
dosiahla zmena Smykovych veli¢in pri taveni a hneten.
Tak sa dosiahli tri Grovne: nizke, stredné a vysoké
Smykove deformacie.

Zakladom zmien v konfiguracii zavitoviek bol pocet
hnetacich diskovych blokov. Pre nizke Smykové napétie
to bol jeden blok, pre stredneé tri bloky. Hnetacie disky
mali rézny uhol stupania a tak napomahali tavenine
polyméru postupovat v smere vytlaania, alebo ju
vracali spéat. Tak sa dosiahol rozdielny ¢as zotrvania
taveniny v extruderi.

Leistritzove extrideri nekorotujuce nemali hneta-
cie elementy pricom konjugovany typ sa vyznacoval
vysokym Smykovym efektom (hnetenie-miesanie),
nekonjugovany typ naopak mal nizku Smykovu defor-
maciu s distribuénym mieSanim. Zmena Smykovych
parametrov pri tychto extrideroch sa dosahovala
otvaranim alebo uzavretim dopravného elementu
a Smykovych elementov a pridavného turbinového
mixéru. Cas zotrvania taveniny v extruderi bol vyhod-
noteny pomocou 1-2 mm hlinikovych &astic. Dal$imi
parametrami dbleZitymi pre efekt dispergacie je tiez
teplotny profil v extruderi a otacky extridera, ktoré su
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uréujice pre delaminaciu a distriblciu MMT platniciek,
aby sa dosiahla vysoka kvalita nanokompozitu. Pre de-
tailny rozbor vplyvu podmienck dispergéacie a zostavy
extriderov nie je dostatok informacii ani experimental-
nych podkladov.

Nanokompozity pripravené pomocou silikatovych
Gastic 30B a 15A s vhedné pre hodnotenie vplyvu
parametrov spracovania na stupen disperzity v PAB.
Castice 30B sa delaminuju vel'mi lahko, kdeZto Castice
15A v PAB su velmi citlivé na podmienky spracovania
a preto su vhodné ako modelova latka. Na zaklade
vysledkov Sirokouhlej difrakcie X-luéov a transmisnej
elektrénovej mikroskopie sa vyhodnotil vplyv pod-
mienok mieSania na dispergacny a distribuény efekt
Castic. Nasiel sa pozitivny vplyv stupnfia disperzity na
modul pevnosti PA, ktory stipal z 2,7 na 3,3 GPa pre
15A organoily s niz&im stupriom disperzity, dalej na
4,0 pre dobre dispergované systémy a az na 4,4 GPa
pre dobre dispergované systémy astic 30B. Vysoky
stupen disperzity Castic 30B vykazoval niZ&iu taZnost.

Predpokladany mechanizmus delaminacie

a dispergacie
Mechanizmus dispergacie ¢astic vychadza z vysled-

kov viacerych prac i nepublikovanych poznatkov au-

torov [35]. Zahifia tiez informacie z tvorby nanokom-
pozitov v polypropyléne, maleinovanom polypropyléne

a daisich polymeéroch.

Navrhovany mechanizmus sa zaklada na vztahu
medzi kompatibilitou organicke| fazy (aditiva) pouzivanej
na Upravu kompozitov a polymérmej matrice ako aj na
podmienkach pripravy a ponuka tri postupy:

1. Organicke aditivum je kompatibilné s matricou.
V tom pripade sa ziskaju exfoliované nanokompo-
zity vo vEetkych pripadoch okrem pouZitia jednozavi-
tovkového extridera.

2. Aditivum ma nizku kompatibilitu s matricou. V tomto
pripade pre dobru exfoliaciu je potrebné optimalizovat
podmienky pripravy.

3. Aditivum je nekompatibilné s matricou. Ziska sa neex-
foliovana disperzia interkalantov a taktoidov. V pri-
pade zvySenia kompatibility sa dispergovatelnost
zlepsuje.

Povodny predpoklad, Ze exfoliacia ¢astic nanosiliké-
tov je priamoumerna Smykovej intenzite sa ukéazal ako
nie celkom spravny. Vysledky tejto prace poukazuju
na dva mechanizmy delaminovania &astic. Prvy spo-
sob pozostava zo skizu platni¢iek vrstevnatej Eastice
staksu, ¢im sa zmensuje jeho vyska, tento mechaniz-
mus podporuje Smykova intenzita pri dispergacii. Druhy
postup predpoklada penetraciu polymérnych molekdl
medzi platni¢kami, ktore sa takto zacinaju od seba
oddelovat. Tento mechanizmus nevyZaduje vysoku
§mykovu deforméciu, ale je zavisly na difuzii aditiva
(polyméru) ¢o je umerné predovsetkym casu zotrvania
materialu v extraderi. Tak ako polymér penetruje do
priestoru medzi platnickami zviast v blizkosti ich koncov
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(hran), dochadza k ich oddelovania a odlupovaniu.
Pritom mézZe dochadzat tieZ k zvineniu alebo ohnu-
tiu platniéky Co bolo tiez dokazané TEM. Skisenosti
a poznatky tiezZ poukazuji na to, Ze napr. pri polypro-
pylénovej matrici do$lo k fraktdre platniciek a vzniku
taktoidov hrubky okolo 100 nm. V pripade, Ze neddjde
k zvySeniu kompatibility medzi matricou a organickym
aditivom, zvySovanie intenzity miedania a strihovych
sil nemaju za nasledok dalSiu dezintegraciu castic.
Napr. pridanie kopolyméru PP-maleinanhydrid a opti-
malizacia podmienok vedie k vyznamnému zlepSeniu
delaminacie a dispergécie.

4. Polypropylénové nanokompozity — priprava,
Struktira a viastnosti

Vyvoj nanokompozitov na baze polypropylénu (PP)
a ilov so smektickou Struktirou ako su hectorily, mont-
morilonity alebo sluda sleduje predovietkym zlepSenie
mechanickych vlastnosti polymérneho materialu.
Je zname, Ze k vyznamnému stuZujucemu efektu
a zlep8eniu mechanickych vlastnosti dochadza najmé
pri exfoliovanych systémoch [36, 37]. Polypropylén,
vzhladom na stéasny vyvoj produkcie a tieZ s ohladom
na mechanické viastnosti, je zviast zaujimavy pre tito
modifikaciu [38-40]. Hlavny problém, ktory je pritom
najéastejsie diskutovany je rozdielnost v polarite poly-
méru a aditiva, ¢o brani dezintegrécii ¢astic mineralu.
Pre ziskanie exfoliovanych vrstevnatych silikatov v PP
je nevyhnutna ich preduprava spravidla kationovym
surfaktantom ako su organicke amoniové soli alebo
alkylfosfity [41]. Naviac kompatibilita tychto organo-
flov s PP sa musi edte zvysit napriklad pouzitim PP
otkovaného maleinanhydridom [42]. Pritom dobre
vysledky pri priprave tychto nanokompozitov sa dosiahli
len pri relativne vysokych koncentraciach ockovaného
PP az do 22 % [43, 44].

Okrem vhodnej Upravy minerélneho plniva sa
délezita lUloha pripisuje pri priprave polymérnych nano-
kompozitov aj molekulovej hmotnosti polyméru a aditiv,
dalej spdsobu pripravy a pouzitému zariadeniu [45]. Pri
priprave PP nanokompozitov s ocbsahom Cloisite 15A
(montmorilonit— MMT, s vymenenym Na™ za oktadecy-
laméniovy ion) sa pouZili dva typy kompatibilizatorov:
PP-g-MA s obsahom 0.7 % ockovaného MA a druhy
typ na baze monoetanolstearamidu (Abriflo 65). Sle-
doval sa vplyv réznych profilov zavitovky extridera (A,
B, C) a miesta pridavania aditiva — pred roztavenim
polyméru a po roztaveni polyméru. Strukttra nanokom-
pozitov polypropylénu sa charakterizovala pomocou
difrakénych metod WAXD a SAXS a tieZ pomocou
transmisnej elektrénovej mikroskopie TEM. Hodnotili
sa tiez zakladne mechanické vlastnosti. Z vysledkov
vyplyva relativne maly vplyv zariadenia a hnetacich ele-
mentov zavitoviek na interkalaciu polyméru a exfoliacny
proces. To len potvrdzuje predpoklad, Ze interkalacia/
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exfoliacia je typicky difizny proces, ¢o podporuju aj
lepSie vysledky dezintegracie astic dosiahnuté pri PP
s niz8ou viskozitou. Ako efektivne|si kompatibilizator sa
ukéazal PP-g-MA. VyS&i stuperi interkalacie a exfoliacie
mal za nasledok zlepSenie zékladnych mechanickych
viastnosti. Z vysledkov tieZ vyplyva, Ze pri maximalnom
stupni exfoliacie MMT je kriticka (maximalna) koncen-
tracia nanoplniva v PP okolo 2 %.

Pozitivny vplyv niZ8ej viskozity PP na delaminaény
proces MMT sa nasiel aj v dalSej praci [46]. Tento
vysledok je v protiklade s literarnymi udajmi pre poly-
amid 6, kde sa vyssi stupen delaminacie dosiahol
pri zvySeni molekulovej hmotnosti polymérov [47].
Dispergovatelnost vrstiev MMT v roztavenom polyméry
zavisi na termickej difuzii makromolekul do medzivrsi-
vovych priestorov a potom na miesacej (cinnosti za-
riadeni [35], ktoré je véak v pripade PP nanokompozitov
zanedbatelnd [46].

Pri vysokych teplotach spracovania dochadza k ter-
mickej oxidacii polymérov a vzniku prchavych produk-
tov. Pritomnost organoilov zvysuje teplotu vzniku tych-
to prchavych splodin. Splyriovanie polymeru vedie k
preusporiadaniu vrstiev silikatu do pévodne filosilika-
tovej Struktiry, ktora tvori povrchovl keramizovanu
pokozku, ktora brani dalSiemu preusporiadaniu. Toto
chovanie sa naslo pre vSetky nanokompozity nezavisie
na ich morfoldgii.

5. Netradiény postup pripravy polymérnych
nanokompozitov, kombinacia aditiv

V dalSej praci sa popisuje netradiény postup na
pripravu povrchovo modifikovanych anorganickych
nanocastic a ich aplikacia v nanckompozitoch. V tomto
koncepte su anorganické nanocastice ZnQO pripravené
sol—-gélovym procesom pouZzitim vodorozpustnych soli
ako prekurzorov v inverznej emulzii [48-50]. Emulzia
je stabilizovana amfifilickym Statistickym kopolymérom
(polylauryl metakrylat-ko-dimetylaminoetylmetakrylat).
Tento lahko dostupny kopolymeér na jednej strane riadi
a kontroluje velkost Castic a na druhej strane zostava
ako kompatibilizator s polymérnou matricou. DéleZitou
prednostou emulznej techniky je lahkost prevedenia
aj vo vac¢8om objeme a cenova nenarocnost. PouZitie
makromolekulového surfaktantu udrZuje vysoku sta-
bilitu disperzie spdsobenu vysokou iénovou silou vod-
nej fazy [51] a dovoluje pripravu emulzii z nasytenych
vodnych roztokov prekurzorov. Takto boli pripravené
ZnO nanotastice a ich aplikacia v PMMA transparent-
nych foliach s ciefom UV ochrany. Z toho dévodu st
poZiadavky na homogenitu a distribuciu Castic, ako aj
absencia agregatov a aglomeratov v matrici PMMA
mimoriadne vysoké.

V prvom stupni sa pripravili dve emulzie v tolué-
ne ako kontinudlnej féaze, obsahujuce acetat Zn ako
prekurzor a NaOH ako s6l-gél premenu indukujuca
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latka s pouzitim ultrazvuku. Druhy stupen zahrnuje
ultrazonifikéaciu zmesi obidvoch emulzii s naslednym
sudenim. Premyvanie surovych ¢astic a vedlajsich
produktov vodou poskytuje €astice ZnQ s polymeérmymi
retazcami adsorbovanymi na ich povrchu potvrdené IC
spektroskopiou. Tuha faza, ktora sa ziska v 3.stupni sa
mdbZe znova rozdispergovat v nepolarnom prostredi.
Castice mali priemerny rozmer 100nm (TEM).

Nanokompozitné filmy boli pripravene z roztoku
PMMA a ZnO v toluéne, UV-VIS spektra poukazuji na
transparentnost (priepustnost svetia 95%) vo viditelng]
oblasti a len 60-75% priepustnost v UV oblasti (300-
350 nm). Filmy obsahovali 9,4% ZnO ¢asic, priemermna
velkost stanovena TEM bola 73+69 nm.

Publikovany postup je univerzalny aj pre ine anor-
ganické castice ako SiO,, TiO,; a ZnQ, ktore majd
vysoku aplikovatelnost v priemyselnej praxi.

Lamelarne nanocastice organoilov patria tiez k per-
spektivnym retardérom horenia [52]. Pri 5% obsahu or-
ganoilov sa ziskaju polymérne materialy nie len s vyssou
pevnostou, ale tieZ s vyznamne vysSou odolnostou vodi
hareniu. Funkcia tychto €astic pri horeni spociva vo
vytvoreni izolacnej vrstvy karbon-silikatovych splodin
na povrchu materidlu pocas horenia ako vysledok
katalyzy degradacie polymerov v pritomnosti ilovych
nanocastic. Tato izoluje pod nou sa nachadzajuce
vrstvy a zniZuje rychlost vzniku rozkladnych produktov
(dekompozicie). Niektori autori uzatvarajud, ze tieto
lamelarne nanocastice sa musia pouzit spolu s inymi
aditivami, aby sa dosiahla akceptovatelna odolnost
vodi horeniu [53]. Dalgie nanocastice so slubnym
termostabilizaénym U€inkem na polymeéry si oxidy
kovov [54]. Tieto aditiva sa skusali tieZ ako retardéry
horenia najméa v kombinacii s organoilmi (synergicky
efekt). V prezentovanej praci to boli: nano- TiO, De-
gussa 21 nm; 50 m?/g; Fe,0,, fa Cerac, 23 nm; 50m°/g
a organomodifikovany MMT v polymetylmetakrylate
(PMMA). Pre hodnotenie boli pouZité termické metady
najma TGA a kalorimetria.

Z vysledkov vyplyva, Ze tak termickd stabilitu ako aj
odolnost voci horeniu PMMA je mozné vyznamne zvysit
kombinaciou anorganickych nanoplniv.

Nanokompozity na baze polylakionu
a EVA kopolymeéru

Vzhladom na chemicku podobnost polylakionov
a polylaktamov su tieto asto predmetomn modifika-
cie vrstevnatymi silikatmi. Nanokompozity z polye-
caprolactonu (PCL) pripravili autori [55] zmiesanim
taveniny polyméru s prirodnym Na™ montmorillonitom a
montmorillonitom maodifikovanym hydrogenovanym tal-
lowalkyl-om (HTA) a quarternymi amoniovymi sofami,
ako je dimetyl 2-etylhexyl HTA amonium a metyl bis(2-
hydroxyetyl) HTA aménium. Kompozity sa pripravili
mechanickym mieSanim pri 130 °C po dobu 10 min,
Roztaveny material sa tlakom formoval do dosiek
hrubych 3 mm, kioré sa teplom lisovali pri 100 °C.
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Nanokompozity obsahovali 1, 3, 5 a 10 % hmot. mont-
morillonitu a liili sa len v plnive ¢o predstavoval &isty
alebo modifikavany montmorillonit. Obsah kompozitu sa
analyzoval pomocou TGA. Interkalované a exfoliované
Struktury sa Studovali metédou XRD a TEM analyzou.
Prirodny sodny montmorillonit tvoril v PCL beZny
kompozit s mikro-rozmerovymi Easticami. Pevnostné
vlastnosti nanokompozitu, najma tvrdost, sa plynulo
zvySovala s obsahom plniva najmenej do obsahu 5
% hmt., za ktorymi sa mechanické vlastnosti vyrovna-
li alebo znizili. Vplyv obsahu piniva na mechanické
vlastnosti PCL nanokompozitov sa hodnotili tahovou
skudkou. Youngove moduly PCL nanokompozitov boli
vacsie v porovnani s Cistym PCL tak interkalovanych
ako aj exfoliovanych $truktir. Napriklad Youngove
moduly sa vyznamne zvysili z 216 MPa pre &isty PCL
na viac ako 320 MPa pre kompozity cbsahujtice 10
% hmot. MMT-(OH,). Youngove moduly mikrokom-
pozitov z nemodifikovanych montmarillonitu (MMT-
Na) boli v podstate nezavislé od obsahu ilu v rozsahu
skumaného rozpatia. Vyznamné zlepSenie termickej
stability PCL sa naslo hlavne pri velmi nizkom obsahu
flov (1 % hm.). Termické vlastnosti polye-caprolactonu
sa Studovali metédami DSC a TGA. DSC merania
ukazali, Ze plnivo nema vplyv na teplotu sklovitého
prechodu (T,) PCL, ktora sa pozorovala zhruba pri
-60 °C pre vSetky vzorky. Podobne teplota tavenia
(Tm) kompozitov bola velmi biizka ¢istému PCL, zhruba
57 °C. Termicka degradacia sa sledovala pomocou
TGA pricom nanckompozity degradovali pri vysSej
teplote ako Cisty PCL.

V pracach [56—-58] sa zakladné PCL nanokompozity
pripravili in situ interkalaénou polymerizaciou e-cap-
rolactonu v pritomnosti protonizovanej w-amino-ky-
seliny.

Dalsia praca [59] pojednava o nanokompozitoch na
baze kopolyméru poly(ethylene-co-vinylacetat) (EVA)
ktory sa pouziva pri vyrobe telekomunikacnych kablov.
Rozdielne modifikacie filosilikatov a EVA polyméru
sa zmiesali pri 120°C v Brabedner-ovom zmieSavacdi
AEW330 s cielom ziskat polymérne vrstvené silika-
tové nanokompozity (PLSN). Ukazala sa moZnost
vytvorenia exfoliovanych nanokompozitov v EVA poly-
méri s nasledujucimi silikatmi: Somasif ME100/ODA
a Cloisite 30B. Cloisite 6A v EVA kopolyméri poskytoval
len interkalované nanokompozity. Iné silikaty (Somasif
ME100/ADA) davali typicku struktiru, kde boli ¢astice
v mikrometroch. Autori zistili, Ze 10 % hmt. silikatu
v nanokompozitnych vzorkach je schopné vyznamne
zniZit vplyv kyslika pocas termooxidacie, nezavisle na
tom, &i je morfolégia interkalovana alebo exfoliovana.

Tento prispevok bol spracovany s finanénou podporou agentury
APVT 20-011404
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Polysacharidy rastlinného pévodu patria medzi ob-
novitelné suroviny, ktoré sa v si€asnosti povaZzujl za
strategické zdroje pre rozvoj zeleného priemysiu. Déraz
sa pritom kladie najmé na priemyselne najviac produ-
kované polysacharidy — celulézu a Skrob, ktorych deri-
vaty mozu vazne superit so syntetickymi polymermi na
béze petrochemickych surovin a tak prispiet k rieSeniu
environmentalnych problémov. V poslednom desatroCi
narasta zaujem o tzv. funkéné biopolymeéry. Stvisi to
s pokrokmi dosiahnutymi pri cielengj modifikacii polysa-
charidov na derivéaty s unikatnymi chemickymi, fyzikal-
nymi a biologicky aktivnymi viastnostami. Nové funkéne
biopolyméry je moZné pripravit z obnovitelnych surovin
a roznych odpadov pri spracovani polnohospodarskych
rastlin ako aj z biotechnologii, vyuZivajuc klasické ako
aj nekonvencné postupy.

Zavedenie vhodnych substituentov do makromole-
kuly polysacharidu vedie k priprave novych derivatov
s roznymi viastnostami, ktoré mozu byf vyuzite ake
polymérne tenzidy, zahustovadia, emulgatory, nateriva,
kvapalno-kryStalicke polymeéry (L-C), termostabilné
biopolyméry, nosie pre imobilizovaneé enzvmy a pre
vysokoudinni kvapalinovi chromatografiu (HPLC),
biomembrény v medicine a iné.

1.CHEMICKE MODIFIKACIE POLYSACHARIDOV

Anhydroglukézova jednotka polysacharidov, a teda
aj Skrobu ma tri volné hydroxylové skupiny. Na uhliku
v polohe 6 (pokial nie je bodom vetvenia amylopektinu)
su to primérne, na uhlikoch v polohe 2,3 su to sekun-
darne hydroxylové skupiny. VSeobecne su primarne
alkoholy reaktivnejie, aviak reaktivita vZdy zavisi na
konkrétnej Strukture polysacharidu, na vazbe skupiny
do stboru atémaov v najblizEom okoli [1].

Primérna hydroxylovéa skupina i skupina na uhliku 2
sl si reaktivitou podobné, preto nie st beZne Uspesné
pokusy o selektivnu reakciu na hydroxyle v polohe 6.
V niektorych pripadoch sa vSak nemusia prejavit iba
polarne faktory, ale prednostna reakcia niektorej sku-
piny méZe byt vyvolana inou skutoénostou, neZ mierou
reaktivity. Prili§ objemny substituent je zo stérickych
dovodov schopny substituovat iba pristupnu hydroxy-
lovd skupinu v polohe 6 [2].

Pri reakciach Skrobu vo forme zrna je tvorba prislus-
ného derivatu zavisla aj na pristupnosti polysacharidu
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pre chemické Cinidla. Je preto vyhodné Skrobové zrna
pripravit napucanim, pripadne rozrudenim bez degra-
déacie polysacharidu, alebo poskytnut dostatocne dlhy
das pre penetraciu Cinidiel do zfn a ich rovnomerné
rozptylenie v celom objeme [3].

V&eobecného zvySenia reaktivity v nukleofilnych
substiticiach sa dosahuje aktivaciou Skrobu pdsobe-
nim alkalii za tvorby alkalickej soli, resp. reaktivneho
aniénu 3krobu:

(8krob)-OH + OH™ = [(8krob—-O--H--OH | &
© (8krob)-O" + H,0 (1)

Hlavnym efektom substitlcie je docielenie zniZzenej
tendencie retrogradovat, €o sa prejavuje uZ u derivatov
s nizkym stuprfiom substitlcie [3].

1.1 ETERY SKROBU

Medzi najvyznamnejSie étery Skrobu patri karbo-
xymetylskrob (KMS8) a hydroxyetyl$krob. Karboxy-
metylSkrob sa priemyselne pripravuje substituénou
reakciou vo vodnej paste. Do suspenzie Skrobu vo vode
sa davkuje NaOH a sodna sol kyseliny monochlérocto-
vej. Zmes sa zahrieva na 85 °C Sest hodin. Fo Styroch
hodinéch sa do zmesi davkuje epichlorhydrin ako sie-
fovadlo, &m sa zvysi viskozita produktu-KMS [3,4].

Karboxymetyl8krob pripraveny v prostredi atkoholu
ma neporusené zrna a znizeny teplotny interval ma-
zovatenia. Disperzne stabilné a za tepla rozpustné
karboxymetylSkroby maju DS 0,02-0,05, za studena
rozpustné derivaty maji DS > 0,2. Zosietenie Skrobu
pred eterifikaciou vyrazne ovplyvriuje reologické viast-
nosti a mechanicku odolnost vodnej disperzie. Skrob
moze byt zosieteny aj v priebehu reakcie [3].

V patente [5] sl uvedené rdzne postupy pripravy KMS
podla toho, aké fyzikalno-chemické vlastnosti sa poza-
dujl od pripraveného éteru a aky DS sa ma dosiahnut.

Ak je nevyhnutmou podmienkou zachovanie Struk-
tury Skrobovych zfn za sucasného hydrofilizaéného
efektu substitujice] skupiny, modifikacia sa realizuje
v prostredi organického rozpustadla. Takto sa synteti-
zoval KMS resp. jeho sodné sol v prostredi bezvodého
pyridinu podla reakcie

(8krob)-OH + CICH,COONa +NaOH -
- (8krob)-OCH,COONa +NaCl + H,O  (2)

Pri vyrobe KMS s DS < 0,05 sa reakcia uskuto&nila
vo vodnej suspenzii za vyuZitia inhibitorov mazovate-
nia.
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Pri priprave derivatov s vy$sim DS sa poufZil Cisty
alkohol ako reakéné prostredie.

V obidvoch pripadoch vSak dochadzalo k priebehu
neZiaducich reakcii, ktoré zniZovali vytaznost substitu-
cie. Z tohto dévodu sa pri reakcii vyuZil izopropylalkohol
a v druhom pripade sa regulovala rychlost a poradie
davkovania jednotlivych zloZiek. Reakéna teplota sa
pohybuje od 35 do 52 °C a reakény ¢as je 3-8 hodin.

Optimalne reakéné podmienky sa Studovali pre kar-
boxymetylaciu zemiakového Skrobu s 2-chléroctanom
sodnym ako €&inidlom, NaOH, v nevodnom prostredi
roznych alkoholov — metanolom, tromi izomérmi buta-
nolu, izopropylalkcholomv praci [6].

Najvhodnej§im rozpustadlom je izopropanol s 10
hm % vody. Dosiahnuty DS = 1,3.

V pripade, Ze reakcia pozostava z troch stupriov,
dosiahnuty DS = 2,2.

1. ROH + NaOH - RONa + H,0
kde R je Skrobova makromolekula

2. RONa + CICH,COONa = ROCH,COONa + NaCl
3. NaOH + CICH,COONa - HOCH,COONa + NaCl

HydroxyetylSkrob sa pripravuje reakciou prirodného
amylopektinu s etylénoxidem v alkalickom prostredi.
Hydroxyetyl8krob ma viaceré medicinske aplikacie [7].

V literattre [8] sa uvadza priprava éterov Skrobu hyd-
rofobizaciou $krobu a amylézy alifatickymi a-epoxidmi
s dlhym retazcom (C; aZ C,,). Reakcia sa uskutocnila
v prostredi dimetylsulfoxidu (DMSQ), pri laboratérnej
teplote, s pouzitim hydridu sodného ako katalyzatora.
V DMSO je amyléza ako aj Skrob dobre rozpustna,
bez zvySkov molekulovej asociacie a OH skupiny su
pristupné reaktantu. Av3ak dihé alifatické epoxidy (od
C;z) maju limitovanu rozpustnost v DMSQO. Pripravili
sa produkty s DS = 0,1-2,0. Produkt s DS =1,0 je roz-
pustny v DMSO, toluéne a tvori flexibilné filmy. Vysoko
substituované derivaty vykazovali bod sklenenia Tg pri
teplote pod 0 °C.

Derivaty Skrobu s vysokym stupfiom funkcionalizacie
pripravili autori v préci [9]. Efektivnou homogénnou syn-
tézou Skrobu v prostredi dimetylacetamid (DMAC) / LiCl
pripravili tosylkrob s DS = 0,4-2,0. Pouzitim '*C NMR
spektroskopie sa zistilo, Ze tosylacia prednostne pre-
bieha na C,, potom na Cgz a C,. Termicka stabilita pro-
duktov sa zvy3ovala so stlpajucim DS a degradécia
derivatu s DS = 0,6 zaala pri teplote 166 °C.

Reakciou zemiakového Skrobu s benzylchloridom
pri teplote 50 °C sa pripravili hydrofébne benzylétery
gkrobu. Benzyléacia bola kyslokatalyzovana a derivati-
zacia Skrobu sa uskutocnila v roztoku alebo vo vodnych
suspenziach. Publikovany postup umoziuje pouzit
vys8iu koncentraciu 8krobu pri niz8ej viskozite rozto-
ku. Sttdiom kinetiky uvedenej reakcie sa pozorovala
tendencia Skrobovych granul ,absorbovat” hydroxylové
iony, ak boli pritomné elektrolyty v suspenzii (napr.
Na,SO, sa pridaval do vodného roztoku v snahe za-
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branit Zelatinacii Skrobu). VytaZok benzylSkrobu s DS
0,15 je 92%, potrebny reakény ¢as 34 hodin a teplota
50 °C [10].

Amfifiiné O—alkylétery karboxymetylskrobu sa pripra-
vili reakciou KMS a vyssich alkylhalogenidov v stistave
N,N-dimetylformamid(DMF)/ voda (1:2) za katalyzy
NaOH alebo pyridinu pri réznych reakénych podmien-
kach. Ziskali sa vodorozpustné produkty s povrchovo
— aktivnymi a stabilizaénymi vlastnostami. Etery Skrobu
s nizkym stupnom substiticie sa vyznacuju vynikajuci-
mi emulgaénymi U€inkami porovnatelnymi s komercne
pouzivanym Tweenom 20 [11].

1.2 ESTERY SKROBU

Skrob sa esterifikuje vo vodnej suspenzii, vo vod-
nom roztoku, v organickych rozpustadlach alebo su-
chou cestou.

Maodifikacia Skrobu vo vodnej suspenzii prebieha
pri relativne nizkych teplotach. Hornou hranicou po-
uzitelnej reakénej teploty je bod mazovatenia Skrobu
v danom roztoku, teda 70 °C. Chemicka reakcia sa
uskutocriuje v heterogénnom systéme. Modifikator
musi v prvej taze difundovat do vnutra zrna, druhou
fazou je sorpcia a tretou je reakcia modifikatora so
Skrobovou makromolekulou.

Velmi zaleZi na velkosti a chemickych viastnostiach
molekul modifikatora, koncentraénych a ¢asovych po-
meroch a na vlastnostiach pouzitého skrobu, hlavne
z hladiska Struktury jeho zfn a chemickej Cistoty (obsah
tuku). Skrobové zra s kompaktnou Struktirou a malo
otvorenou kapilaritou (obilné Skroby) su v suspenzii
taZzko modifikovatelné. Na difuzne a sorpcné pomery
ma vplyv aj miera napuciavania zfn, teda doba, po
ktord bolo Skrobové zrno pred modifikaciou v styku
s vodou [3].

Velky vplyv na reaktivitu ma aj chemicka Cistota
Skrobu, hlavne obsah zvyskovych bielkovin a lipidov.
Tieto latky pokryvaju nepriepustnou vrstvou povrch
kapilar v 8krobovom zrne, &im staZuju pristup k volnym
hydroxylovym skupinam. Niekedy st na ¢ast z nich
aj naviazané. Z tohto dévodu je vhodné pred modifi-
kéciou Skroby (hlavne obilné) premyvat organickym
rozpustadlom.

Délezita je tieZ reaktivita modifikatora. Pri vysoke]
reaktivite (typické pre substituenty s epoxidovou sku-
pinou) reakcia prebieha rychlejsie nez diflizia do vnitra
zfn, teda na povrchovych vrstvach zfn a rodifikacia
nie je rovnomema.

Specifickym problémom chemickej modifikacie skro-
bu vo vodnej suspenzii je hydrofilizacia Skrobu. Napu-
diavaniu az mazovateniu Skrobovych zfn v priebehu
modifikacéne]j reakcie mozno zabranit pridavkom tzv.
inhibitorov mazovatenia. Do uvahy prichadzaju anor-
ganické soli s vysokym vysolovacim efektom (siran
sodny) [12].

Z organickych rozpustadiel pouZivanych pri este-
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rifikacii s popisané systémy N-metylpyrolidon [13],

dimetylformamid [14], dimetylacetamid/LiCl) [16].
Reakciou volnych hydroxylovych skupin makromole-

kuly &krobu s kyselinami vznikaju estery Skrobu [3].
Esterifikacia Skrobu a jeho derivatov sa uskutocriuje

tromi spésobmi:

1. Klasickou metodou.

a.) Acylchloridmi v zmesi organického rozpustadla
a pyridinu, ktory viaZe vznikajlci chlorovodik
a tym prechadza na pyridiurnchlorid.

b.) Acylchloridmi v zmesi organického rozpus-
tadla, pyridinu a 4,4-dimetylaminopyridiu(4-
-DMAP) ako katalyzatora, ktory urychluje reak-
ciu a zvySuje DS.

2. Acetanhydridom, anhydridmi kyselin alebo zmie-
ganymi anhydridmi pripravenych ,in situ® z vy38ich
mastnych kyselin a acetanhydridu.

3. Transesterifikaciou s metylestermi vy$8ich mastnych
kyselin.

1.2.1 Modifikacia klasickou metédou

Esterifikacia skrobu chloridmi organickych kyselin
(od kyseliny octove] ku mastnym kyselinam) vedie
k termoplastickym a hydrofébnym materidlom, ak DS je
relativne vysoky. Pre tieto GCely autori uZ skér studovali
acetylaciu Skrobu a to Mullen a kol. (1942) [15] a Wolff
a kol. (1951) [40].

V [15] sa esterifikacia uskutognila v prostredi pyridi-
nu a acylchloridu pri teplote 115°C, a reakénom Case
6 hodin. Tato metéda vyZadovala pouZitie len maié-
ho mnoZstva organického rozpuistadia v reakcii, &im
sa minimalizovala degradéacia Skrobu a rozpustadio
ucinkovalo aj ako katalyzator. Zistilo sa, Ze mecha-
nické viastnosti esterov Skrobu, ktoré su v désledku
pritomnosti rozvetveného amylopektinu nevhodné pre
priemyselné aplikacie sa mbzu zlepsit so vzrastom
velkosti substituentov (butyrat, kaproat).

Acyiaciou zemiakového 8krobu v systéme LiCl /
DMAC s acylchloridom pri teplote 90 °C sa pripravili
modifikované Skroby (oleoyl, palmitoyl, lauroyl, caproyl,
butyrat) s DS v rozsahu od 0,3 do 3. Pripravené estery
sa charakterizovali FT-IR spektroskopiou a elemen-
tarnou analyzou, ktoré potvrdili priebeh reakcie a DS.
Vzrastanie hydrofébnosti stviselo so vzrastom stupria
acylacie. Zistilo sa, ze modifikované kroby do vyssich
DS maju lepsiu termicku stabilitu a vy8Siu rozpustnost
v organickych rozpustadlach [16].

Termomechanicke spravanie a biodegradabilita hyd-
rofobizovanych derivatov Skrobu v zmesi nizkohustotny
polyetylén/modifikovany Skrob sa uvadza v [17 ]. PouZil
sa ester Skrobu s dlh§im refazcom (Cg) as DS =2,7.
Predpokladalo sa, Ze pripraveny modifikovany 8krob
bude mat zvyseny hydrofébny charakter zapriineny
zavedenim dlhych oktanoylovych skupin. Pripravené
zmesi sa vyznacovali vyssou termickou stabilitou, vys-
Sou taznostou pri pretrhnuti a velmi malou absorpciou
vody.
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Esterifikacia Skrobu s chloridmi vy§8ich mastnych ky-
selin v prostredi DMF sa uvéadza v patente [18]. Esterifi-
kacia 8krobu so stearoylchloridom (DS = 2) sa uskutoé-
nila v molarnom pomere 1:4, v prostredi DMF/pyridin,
pri teplote 100 °C, reakénom ¢ase 6 hodin. Produkt sa
vyzrazal v 70% zmesi etanolu a vody. Pred vyzraZanim
bol gélovity ester Skrobu vysoko elasticky.

V préaci [19] sa uvadza esterifikacia Skrobu bez pou-
Zitia rozpustadla v dvoch krokoch, pri¢om v prvom kro-
ku sa aktivuje Skrob kyselinou mravéou pri laboratérnej
teplote pogas 2 minut, co vedie k formylacii. V druhom
kroku sa uskuto€nila oktanoylécia in situ s oktanoyl-
chloridom pri 105 °C po&as 40 minut v atmosfére N,
s vytaZzkom 96% a DS = 1,5.

1.2.2 Modifikacia anhydridom, anhydridmi kyselin
alebo zmieSanymi anhydridmi pripravenych
»in situ“ z vy$§8ich mastnych kyselin a ace-
tanhydridu

Acetaty kukuri¢ného Skrobu s vysokym obsahom
amylozy (70%) sa pripravili s DS=1,5-2,0 a Studovali
sa ich termické vlastnosti [21]. Esterifik4cia sa usku-
to€nila v prostredi acetanhydridu a kyseliny octovej za
pritomnosti vody a hydroxidu sodného, ktoré sposobili
napucanie a aktivaciu Skrobu. Pri rdznych hmotnost-
nych pomeroch a reakénom ¢éase 20-50 min. sa do-
siahol DS = 1,5; 2,0 a 2,5. DSC analyzou sa zistilo,
Ze voda bola efektivnym plastifikatorom pripravenych
vysokosubstituovanych acetatov skrobu.

Homogénnou acetylaciou Skrobu acetanhydridom
v pritomnosti NaOH sa ziskal acetat skrobu s DS do
2,7. Studium charakteristik tychto polymérov, najma
teploty T, ukazalo, Ze v jednom stupni reakcie moZno
ziskat hydrofobny, termoplasticky polymér s velmi
dobrou termickou stabilitou (do 280 °C) a zvySujlcou
sa odolnostou vodi vihkosti [22].

Uplne substituované estery vy$sich mastnych kyse-
Iin Skrobu sa pripravili z prislu§nych anhydridov v py-
ridine ako katalyzatore a rozpustadle [16], podobnymi
syntezami boli pripravené Skrobové sukcinaty [23]
a propionaty/ftalaty [24].

Acetylderivaty Skrobu sa pripravili esterifikaciou
v prostredi acetanhydridu a vodného roztoku NaOH
[41] podla nasledovnej schémy :

(&krob)—OH + NaOH + (CH,CO),0 -
(8krob)-OCOCH, + NaOCOCH, + H,0  (3)

Retrogradaéné viastnosti Skrobu sa eliminovali za-
vedenim acetylovej skupiny, ktora i pri nizkom DS
dodavala Skrobu dihodobu disperznu stabilitu. Dodr-
Zanim optiméalneho pH sa potlaéili vedlajsie reakcie
davkovanim 3% roztoku NaOH do reakénej zmesi.
Reakcia prebiehala pri 38 °C a pH 8,4.

Rychla priprava esterov 8krobu so strednym stupfiom
substitticie a s malym mnoZstvom vedlajsich produk-
tov sa prezentovala v [26]. PouZila sa zmes suchého
kukuriéného Skrobu, ladovej kyseliny octovej a anhyd-

Vldkna a textil 12 (3} 128-132 (2005)



Prehladné c¢lanky

ridu kyseliny octovej pod tlakom. Acetat Skrobu s DS
0,5-2,5 sa pripravil pri teplote 160-180 °C po¢as 2-10
minut. Reakéna rychlost sa zvySovala so zvySovanim
koncentracie kyseliny octovej a klesala so zvySovanim
koncentracie anhydridu kyseliny octovej. Kyselina oc-
tova, ktora zostala vo vzorkach sa uplne odstranila vo
vakuu pri 120-190 °C.

Zmie8ané estery 8krobu sa pripravili z anhydridov
kyseliny kaprénovej a octovej a v druhom pripade an-
hydridov kyseliny laurovej (pripraveného dehydrataciou
kyseliny laurovej) a octovej. PouZity Skrob sa aktivoval
rozpustenim v horiucom DMSO a naslednym prezra-
Zanim v etanole alebo v pyridine pri 80 °C. Vlastna
reakcia prebiehala 5 hodin pri 60 °C, viskdzny produkt
sa vlial do metanolu a vysusil. Produkty sa testovali
ako plastifikatory [27].

VyuZivajuc alternativne metoédy bez pouZitia toxic-
kych, drahych a z produktov tazko odstranite/nych
organickych rozpustadiel boli pripravené triacetaty
Skrobu refluxovanim Skrobu, acetanhydridu a 50%
roztoku NaOH 2-5 hodin [29].

Podobna metéda pripravy acetatov, propionatov
a butyratov skrobu s DS 1-2 popisana v [30] pozosta-
vala z mie$ania vodnej suspenzie skrobu s anhydridom
a 25% NaOH 4 nodiny pri teplote 0-40 °C, pricom sa
dosiahli vysoké vytazky produktu (az 90%).

KarboxymetylSkrob sa modifikoval mixovanymi an-
hydridmi typu RCO-0O-OCH; pripravenymi ,in situ®, kde
R = C,,—=C,; a pripravili sa nizkosubstituované estery
KMS. Pripravené estery sa vyznadujl vynikajlicimi emul-
gaénymi, pracimi a antiredepoziénymi tcinkami [41].

1.2.3 Transesterifikacia s metylestermi vyssich
mastnych kyselin

Transesterifikacia sachardzy s metylesterom vyssej
mastnej kyseliny v DMF za katalytického u€inku
K,COj; sa uvadza v [28]. Vznikajlci metanol sa od-
stranil vakuovou frakénou destilaciou. Tento postup
pripravy monoesterov sacharézy s vy§$imi mastnymi
kyselinami sa vyuZiva v priemysle pre nizku cenu pri
vyrobe neidénovych detergentov

V literatdre [31] sa uvadza metdda transesterifikacie
celuldézy a amylozy. Reakcia prebiehala pri 190-195°C,
2 aZ 6 hodin po predchadzajucej homogenizacii zmesi
polysacharidu, vody, mydla(ako emulgatora) a mety-
lesteru vy8sich mastnych kyselin (laurovej a stearovej),
ked pred esterifikaciou bola zo zmesi odparovana voda
30 min. pri 130 °C. Laurat amyl6zy mal v optimalnom
pripade DS = 0,61 a vytaZok 52% a laurat celul6zy mal
DS = 0,18 a vytazok 82%. Obidva estery mali hydro-
fobny charakter.

Transesterifikacia Skrobu s metylpalmitatom sa
prezentovala v [32]. Esterifikaciou dosiahnuty stuperi
substiticie silne ovplyviiuje koncentracia katalyzatora
(metanolat draselny) a mélovy pomer metylpalmitatu
ku Skrobu.
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Esterifikdcia KMS sa uskutoénila reesterifikaciou
s vinyllauratom(ViLa) v organickych rozpustadlach
resp. v gél-suspenzii DMF/4-toluénsulfénova kyseli-
na(4-TSK), za u€inku katalyzatora 4-DMAP v réznych
hmotnostnych pomeroch. Ziskané vodorozpustné hyd-
rofobizované derivaty KMS s VilLa sa vyznagovali vy-
nikajucimi povrchovo — aktivnymi vlastnostami, najméa
emulgacnou, pracou a antiredepozi¢nou G¢innostou
[20]. PouZitie metylesterov mastnych kyselin je vyhod-
né, pretoZe su to mierne reagenty, ziskané z rastlin-
nych olejov, st biodegradabilné, netoxické, vo velkom
mnoZstve dostupné a lacne.

1.2.4 Nové postupy

KedZe v poslednom desatroci sa v organickej syn-
téze vyrazne preferuju dve cesty, na jednej strane
hladanie stereoselektivnych metéd, na druhej strane
efektivnych metdd s vysokymi vytazkami, minimalnymi
odpadmi a kratkym reakénym ¢asom [33] je nutné spo-
menut vyuZitie ultrazvuku alebo mikrovinného Ziarenia
pri modifikaciach.

Predpokladé sa, Ze v dosledku interakcie latky s mik-
rovinnym Ziarenim dochadza k jej prehriatiu, ¢oho
dosledkom je zvySenie rychlosti reakcie. Z doteraz
publikovanych prac [33,34] sa usudzuje, Ze urychlenie
reakcie sa da o¢akavat vtedy, ak reaguju polarne latky
a najma, ak sa reakcie zu€astriuju vazby s velkym
dipélovym momentom. Podobne pozorujeme vyrazné
zrychlenie reakcie, ak mikrovinné Ziarenie absorbuje
substrat alebo katalyzator a nie rozpustadio.

Prvykrat sa pouZitie mikrovinného Ziarenia v chémii
polysacharidov uvadza v literature v roku 1933 [35,
36] a tykalo sa vplyvu mikrovin na hydrolyzu vodnych
roztokov 8krobu, arabskej gumy a agaru.

Ester zemiakoveho $krobu sa pripravil esterifikaciou
za U€inku mikrovinného Ziarenia s frekvenciou 2450
MHz a 0,5 W/g mikrovinnej energie. Zmenou para-
metrov mikrovinnej reakcie sa ziskali produkty s poza-
dovanym stupfiom substiticie. Vlastnosti Skrobovych
vzoriek sa skimali pomocou svetelnej mikroskopie,
gélovej chromatografie, X-li¢ove| defraktomrtrie a re-
oldgia na viskografe Brabender. Pozorovala sa zmena
kryStalickej Struktury zemiakového Skrobu z typu B na
typ A [37].

Vplyvom sonochémie na C-zlu€eniny, okrem iné-
ho aj na Skrob sa zaobera v praci [38] Kardos N.
Ultrazvuk sa s vyhodou vyuZiva pri izolacii réznych
druhov polysacharidov. Jeho vplyvom dochédza ¢asto
k zniZeniu molekulovej hmotnosti, teda k degradacii
polysacahridu.

Transesterifikacia KMS s estermi vy$8ich mastnych
kyselin (metyllaurat, vinyllaurat) za G&inku mikrovin
(600W) s cielom pripravit nizkosubstituované vodoroz-
pustné derivaty sa uvadza v [39]. Mikrovinné Ziarenie
zniZuje reakény ¢as o jeden poriadok z 5 hodin na 5
minut.
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SLNECNE UV ZIARENIE A OCHRANA TEXTILIAMI PRED
JEHO NEGATIVNYMI VPLYVMI

Balogova L., Sestak J.

VUTCH-CHEMITEX spol. s r.0., Zilina, Slovenska republika, Autorizovana osoba SKTC-118,
Notifikovana osoba ¢. 1296, www.vutch.sk

1. Uvod

Sinecné ziarenie - energia potrebna pre Zivot na
zemi. Takto ho pozna kaZzdy z nas. Ale vieme, aké
ma (¢inky na nas organizmus a ¢o mbze spbsobit?
DokaZeme sa pred nim dostatoéne chranit, alebo zos-
taneme aj nadalej len postrannym pozorovatelom a
budeme sa tvarit, Ze nas sa jeho uéinok netyka?

Odpoved na tieto, ale aj dalSie otazky tykajluce
sa slne&ného Ziarenia a jeho vplyvov na organizmus
¢loveka najdete v tomto ¢lanku uréeného hlavne pre
spotrebitela, aby si uvedomil rizikéa a moZnosti ochrany
pred nimi.

2. Slnecné Ziarenie

Slnecné ziarenie je elektromagnetické Ziarenie,
ktorého hlavnym prirodnym zdrojom je Sinko. Javi
sa ako biele svetlo, prechodom cez atmosféru sa
Ciastoéne modifikuje, ¢im sa podstatne zniZuje obsah
jeho UV zlozky.

Deli sa na tri zakladné skupiny, ktoré su z hladiska
vplyvu na ¢loveka a materidly znaéne rozdielne:

1. Ultrafialové Ziarenie (UV) s vinovou diZzkou
100-400 nm, tvori priblizne 7% energie

2. Viditelné Ziarenie (VIS) s vinovou dizkou
400-750 nm, tvori priblizne 47% energie

3. Infradervené Ziarenie (IR) s vinovou diZkou
nad 750 nm, tvori priblizne 46% energie

Tabulka 1 Sinecné spektrum

- Blizke 4
RTG uv Viditelné &
Wi . Sz IE (NIR) G
Ziarenie Zigrenie Ziarenie oy 1 ziarenie
Ziarenie
400-7 750-1 4
RN E— 50 | 7501 400 | 3 000-12 000
nm nm nm

Ludskeé oko je schopné ako svetlo registrovat elektro-
magnetické Ziarenie s vinovou diZkou od cca 400-750
nm, tzv. viditelné Ziarenie. Ziarenie s vinovou dizkou
vaésou nez 750 nm, tzv. infradervené Ziarenie, sa
javi ako &ervené Ziarenie. Ziarenie s vinovou dizkou
mensou neZ 400 nm, tzv. ultrafialové Ziarenie, sa javi
ako fialoveé Ziarenie.

Ziarenie s vinovymi dizkami, ktoré st mensie ako
100 nm, patri k ionizujucemu Ziareniu alebo tieZ k ront-
genovému (RTG), ¢ize gama-Ziareniu [1].
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3. UV ziarenie

Priblizne 7% sineéného Ziarenia dopadajuceho na
Zem tvori UV Ziarenie, pri¢om jeho mnoZstvo a intenzita
zavisia od roéného obdobia, pocasia, dennom case a
pod. Je ohraniéené vinovymi dizkami od 100 nm do
400 nm. Pre ludsky zrak je neviditelné a nesie velké
mnozstvo netepelnej energie.

Podla rozsahu vinovych diZok ho rozdelujeme na
3 oblasti, ktoré maju na organizmus rézne fyzikalne
a biologicky odlisné péscbenia:

— UV ziarenie typu C s vinovou dizkou 100—290 nm.

Toto ziarenie je najnebezpecnejsie, je karcinogénne

a velmi 8kodlivé pre v8etky Zivé organizmy. Ochranu

pred nim zabezpetuje ozonova vrstva, kiora ma schopnost

ho absorbovat, avsak vplyvom tvorby ozénovych dier méze
preniknUt Ziarenie az do atmosfery.

~ UV ziarenie typ B s vinovou dizkou 290-315 nm. Je
cca 10° krét nebezpecnejSie ako Ziarenie typu A a pri
nadmernom vystaveni sa slne¢nému Ziareniu moze
sposobit akutny zapal koze tzv. erytém, rakovinu
koZe a pod..

~ UV ziarenie typu A s vinovou dizkou 315-400 nm.

Z pohladu fyziologickych U¢inkov na Cloveka je

najmenej nebezpecneé. V rozumnom mnozstve je pre

ludské telo potrebné, napomaha pri tvorbe vitaminu

D, sterilizuje a zvy8uje odolnost proti patogénnym

baktériam. [2]

NajskodlivejSia Cast UV Ziarenia — Ziarenie typu C sa
nevyskytuje v sineénom spektre na zemskom povrchu,
je plne pohlcované atmosférickymi plynmi, teda absor-
bované kyslikom vrchnej stratosféry alebo mezosféry,
ako aj ozénovou vrstvou. Pre meranie UV ochrany sU
preto délezité len ¢asti UV-A a UV-B Ziarenia. UV-A
liée sa ozénom oslabuju len velmi malo, ltiée UV-B
sa v ozonovej vrstve oslabuju o cca 95 %, takZze zem-
sky povrch dosiahne len mala ¢ast z nich. Aj ked' ¢ast
Ziarenia UV-B je z vacSej miere absorbovana ozénom
a v ramci celého dopadajuceho sine¢ného spektra
predstavuje menej ako 2 % energie, aj napriek tomu
vyvolava cely rad biologickych efektov [1].

4. Vplyv UV Ziarenia na organizmus ¢loveka
KoZa je najvacsim organom cEloveka, ktory ako prvy
prichadza do kontaktu so sineénymi lGémi. Sklada sa z

pokoZky (epidermis) a zamse (dermis) [3], obr. 1.
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Obr. 1 Hibka prieniku UV Ziarenia do koZe v zavislosti od typu UV Ziarenia

V urcitych mnoZstvach mé slneéné Ziareniu cely rad
pre zivot ¢loveka potrebnych a pozitivnych Uéinkov.
K nim patri tvorba vitaminu D (D2 a D3) a zhned-
nutie pokoZky, ktore sliZi najma k ochrane pod fiou
leZiacich koZnych vrstiev a DNA v jadre buniek. K tomu
viak postacuje 10 minutové vystavenie sa sineénému
Ziareniu denne. Sine¢né Ziarenie okrem toho stimuluje
imunitny systém a podmieriuje celkovy pocit zdravia.

Negativne, teda skodlivé Uc¢inky sineéného Ziarenia
moZu na Cloveku zanechat akutne, alebo aj chronické
nasledky.

Medzi akutne nasledky patri napr. erytém (spale-
nie). lde o akuitny zapal koZe, ktory je vyvolavany
castou ultrafialoveho Ziarenia sineéného svetla pri nad-
mernom slneénom ziareni. Rozumieme pod tym zmeny
koZe v dosledku pdsobenia ziarenia, predovietkym
ultrafialového svetla ako napr. zhnednutie a reparacné
mechanizmy, ale aj chorobné kozné reakcie a kozné
poskodenia spbsobené Ziarenim. [1]

Pri intenzivnom posobeni UV Ziarenia méZe ddjst k
trvalym a ireverzibilny poskodeniam zdravia, ako zakal
ocnej $oSovky, predcasné starnutie koZe, rakovina
koze, mutacie, infekéne choroby a pod.

Dopadajuce Ziarenie |

.

Fyzikalne velitiny
Ziarenia

5. Ochrana pred UV ziarenim textiliami

V stcasnosti uz existuju rézne moZnosti a formy
ochrany ¢loveka pred nepriaznivymi téinkami
slne¢ného UV Ziarenia (UVR - ultraviolet radiation).
Okrem ochrannych okuliarov a opalovacich krémov
mame dnes uZ k dispozicii Siroku paletu textilnych
a odevnych materialov, ktoré eliminujl a zabrariuju
prieniku UV Ziarenia cez textiliu a jeho kontaktu s
pokoZkou .

Pri dopade UV Ziarenia na textiiné/odevné ma-
teridly dochadza k réznym fyzikalnym dejom, ktoré s
znazornené na obr. 2.

Reflexia — Ziarenie sa modZe na povrchu textilie
odrazit bez toho, Ze by sa infiltrovalo alebo difundovalo
do textilného materialu.

Absorpcia — Ziarenie moZe byt textiinym materialom
Uplne absorbované — pohlcované, najméa u hustych
a tazkych textilnych latok. V oboch pripadoch nedo-
pada na pokozku ziadne UV Ziarenie.

Transmisia — UV Ziarenie cielene (orientovane)
penetruje - prechadza cez textil. S tymto sa stretavame

najma u textilnych materialov s velkymi pérmi. U bezne-

Reflexia

Absorpcia

L =

Ziarenie, ktoré preslo ‘
cez textiiny material

Biologicky Gginné |
veliciny Ziarenia |

“ Povrch po.kc;iki:'

Diftzna
transmisia

R

Obr. 2 Interakcia medzi UV Ziarenim — textiliou — pokoZkou
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Struktdrovaného materidlu sa najcastejsie stretadvame
s tym, Ze Ziarenie sa po penetracii diftzne rozptyli.
V oboch pripadoch transmisie sa UV Ziarenie dostava
vo vacsej alebo mensej miere na povrch pokozky [4].

Odevy s funkénou UV ochranou su odevy, ktoré
odfiltruju podiel prirodzeného UV Ziarenia, ktoré ohro-
zuje zdravie a predstavuje ucinné preventivne opa-
trenie pre ludi, ktori sa ¢asto zdrZiavaju na sinku, &i
uz z pracovnych dévodov alebo vo svojom volnom
case. Netreba ale zabudat, Ze oblecenie ponuka len
Ciastoénu a obmedzenu ochranu pred UV Ziarenim.

Ochrannu funkciu textilii méze ovplyvnit niekolko
faktorov:

a) struktura — konstrukcia textilie

b) typ a zloZenie vidkna

c) farba a sytost odtiefia materiélu

d) obsah vihkosti (voda, pot)

e) Upravarenské procesy (TPP a UV absorbéry)

Struktura textilie

Tak ako pri stanoveni priepustnosti vzduchu texti-
liami, aj tu sa d4 riadit jednoduchym pravidiom: ,Cim je
textilia hustej8ia a hrubsia, tym va&siu ochranu posky-
tuje.” V pripade rovnakej konstrukcie sa ochranny faktor
zvysuje s hrubkou resp. hmotnostou textilie.

Typ a zloZenie viakna

Priepustnost UV Zziarenia je u vlakien pouZivanych
na vyrobu textilii rézna. Syntetické viakna vykazuju
lepsiu schopnost absorpcie UV Ziarenia ako prirodné
vlakna. UV absorpcia syntetickych viakien je pod-
mienena aromatickou Struktirou vidkna a da sa
modifikovat pigmentami. PA vlakna su oproti PES
vlaknam priepustnejsie. Bielena bavina ma vyssiu
priepustnost UV Ziarenia ako surova bavina, ktorej
UPF (ultrafialovy ochranny faktor) je podstatne vyssi z
dévodu obsahu prirodnych pigmentov, pektinov a vos-
kov, ktoré maju v tomto pripade aj funkciu absorbovat
UV Ziarenie.

Farba a sytost odtieria

Farby absorbuju Ziarenie vo viditelnej oblasti selek-
tivne a u mnohych farbiv sa dosahuje absorpcia az
do spektra UV Ziarenia. Takéto farbiva pdsobia ako
absorbéry UV Ziarenia a zvySuju ochranny faktor texti-
lie. VSeobecne mozno povedat, Ze v pripade rovnakej
Struktury textilie a rovnakého pouzitého farbiva, hlboké
syte odtiene maju vySs$i ochranny Ucinck ako svetlé
odtiene a maximalnu ochranu v principe zabezpecuju
Cierne a tmavomodré farby.

Obsah vihkosti

Ochranny faktor vihkého resp. mokrého odevu je
podstatne niZsi, ako ochranny faktor suchého odevu.
Voda v priadzi a v priestore medzi vlaknami zniZuje roz-
ptylovy efekt a tym zvySuje priepustnost UV Ziarenia.
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Upravarenské procesy

Pomocou Specialnych Upravarenskych procesov
je moZné absorpciu UV Ziarenia podstatne zvysit bez
ovplyvnenia ostatnych vlastnosti textilii, ako st vzhlad,
ohmat a priedusnost textilie [5, 6, 7].

Odievanie poskytuje [udom jednu z vhodnych foriem
ochrany proti UVR. Netreba ale zabudat popri tom aj na
zabezpecenie dalsich viastnosti odevu, ako st strihové
rieSenie odevu, komfort nosenia a v letnych obdobiach
aj vzdusnost odevu.

6. Ochranny ultrafialovy faktor - UPF

Ochranné vlastnosti spotrebnych predmetov, ako
su textiiné materiély zabezpecujlce ochranu cloveka
pred nepriaznivymi G€inkami sine€ného UV Ziarenia st
definované pomocou tzv. ultrafialového ochranného
faktora — UPF (Ultraviolet Protection Factor), ktory
informuje spotrebitela o tom, aku uroven ochrany dany
vyrobok poskytuje spotrebitelovi pred UV Ziarenim.

Tabulka 2 Prehlad pouZivanych medzinarodnych noriem na kvan-
tifikaciu funkénej UV ochrany textiinych a odevnych
vyrobkov pomocou UPF.

Norma Vyrobok Chranena cast tela
EN 13578-1:2001 textil/odev koza
EN 13758-2:2003 textil/odev KoZa
UV Standard 801 textil/odev koza
AS/NZS 4399:1996 textil/odev koza
BS 7914:1998 textil/odev koZa
AATCC 183:1998 textil/odev koza

Stanovenie ochrannych viastnosti spotrebnych pred-
metov s bariérovymi vlastnostami proti UV Ziareniu je
definované v prislusnych norméch a metodikach, ktoré
popisuju skuSobné metddy a spdsoby, ako Specifikovat
a klasifikovat stupeni ochrany spotrebnych predmetov
proti UV Ziareniu.

K normam, ktoré stanovuji metédu na meranie UV
ochranného faktora (UPF) patri aj eurépska norma STN
EN 13758-1:2003 ,Textilie. Ochranné viastnosti proti
slneénému UV Ziareniu. Cast 1: Metdda na skiisanie
odevnych textilir.

Stanovenie UPF spotiva v zistovani priepustnosti
ultrafialového Ziarenia (UV) spésobujiceho erytém,
cez odevne plodné textilie za tandardnych podmienok
[8].

Pri zadavani poZiadavky a podmienok na stanove-
nie UPF textilnych materialov je potrebné zohladnit
skuto¢né podmienky nosenia a oSetrovania odevov a
zadefinovat poZiadavku tak, aby bolo spinené nasle-
dovné:

a) pri skuSani nového odevu alebo textilného materialu
treba zohladnit, Ze po procesoch oSetrovania ako
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napr. po prani alebo chemickom &isteni sa ochranny
faktor moze znizit
b) pri skasani textilit v hladkom nenapnutom stave treba
zohladnit, Ze mnohé odevné textilie st pocas nose-
nia alebo pri telesnej aktivite napnuté, ¢im méze
dojst k zvacSeniu porov v textilnej struktire a tymk
zvy8eniu priepustnosti UV Ziarenia cez odev

c¢) treba zohladnit, Ze odev sa telesnym potom zvlhéi
atym sa mbze UV ochrana zniZit.

Inak by mohlo déjst ku skresleniu skutoénych vysled-
kov a nositelovi odevu by sa predstierala falo$na ochra-
na a bezpecénost.

UPF textiiného materialu sa stanovi pre celkovi spe-
ktrainu priepustnost T(X) nasledujicim spdschom [8]:

A=d400
D E(A)-£(A)-A(2)
UPF - i=200

A=400

> E(A)-T(A)-e(2)-A(4)

A=250

kde: E(A) je spektralna intenzita slneéného Ziarenia vy-
jadrena v Wm™nm™, g(\) je erytémovy Ucinok spektra,
A(N) je interval vinovych dizok merania, T(A) je spe-
ktralna priepustnost pri vinovej dizke A, tzv. transmisia
textilu (vid kapitolu 5), A je vinova dizka v nm.

Uvedeny matematicky vztah plati pre vinovy rozsah
od A = 290nm do A = 400nm v oblastiach UVA a UVB
Ziarenia.

Na zaklade dosiahnutého UPF sa odevné vyrobky
klasifikuju a oznatuju. Poziadavky na klasifikaciu a
ozna&ovanie odevov, kioré maju poskytovat ochranu
pred sineénym UV Ziarenim stanovuje eurépska norma
STN EN 13758-2:2003 ,Textllie. Ochranne viastnosti
proti sineénému UV Ziareniu. Cast 2: Klasifikacia a
oznacfovanie odevov* [9]. Podla tejto normy musi byt
najnizsia namerand hodnota UPF podla metodiky
stanovenej STN EN 13758-1:2003 véacéia ako 40 a
priemerna priepustnost UV-A mensia ako 5%.

Tabulka 3 Rozsahova schéma UPF z australsko-novozélandske)
normy AS/NZ 43891998 pre odevy s ochranou proti
sineénému Ziareniu [1].

e Ochran"ulaa Priepustnost l{VR
kategorla cez odev, % UV-faktor
15-24 P 6,742 15-20
ochrana
velmi dobra -
FA : P
25-39 WS— 1,1-2,6 25,30,35
d0:50, 505 | VYnikajica <25 40,45,50,50+
ochrana |

Pre vyrobcu, ale aj spotrebitela je velmi dolezité
vediet, Ze ochranné odevy proti UV Ziareniu, pri ktorych
sa pozaduje zhoda s touto normou musia byt okrem
dalich délezZitych informéacii uvedenych v tejto norme
oznacené najma piktogramom, v ktorom je uvedené
¢islo normy EN 13758-2 a UPF 40+ [9]. Len v takom
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pripade si moze byt spotrebitel isty, Ze vyrobok, ktory
nosi a za ktoré zaplatil vy83iu cenu nez maju bezné
vyrobky ma vlastnosti, ktoré pozaduje.

7. Prostriedky v textilidch zabezpecujice
ochranu pred UV Ziarenim

Samotné vlakna, ktoré sa pouZivaju na vyrobu textilii
pre odevné Gcely, maju velmi nizke hodnoty ochran-
ného faktora, ktoré nespifiaju poZiadavku na bariérové
textilie zabezpecujlce ochranu pred UV Ziarenim. Preto
sa do tychto textilif aplikuju prostriedky zabezpecujtce
poZadované vlastnosti a stupen ochrany.

V zavislosti od pouZivanej techniky sa tieto pros-
triedky mozu aplikovat dvoma spésobmi:

a) aplikacia do viakien ako aditivum
b) aplikacia nanosom vo faze zoslachfovania
textilii

Tieto metody ochrany ludskeho tela pred UV Ziarenim
zahrmiaju bud absorpeiu UV Ziarenia pormocou tzv. UV
absorbérov, ktoré oslabuji UV Ziarenie a tym chrania
vlakna pred fotodegradaciou, alebo zabezpetuju rozp-
tylenie UV Ziarenia — odraz pred kontaktom s fudskou
pokoZkou.

Ako UV absorbéry sa pouzivaju zliceniny obsahu-
jice benzénové jadra. Ziarenie je absorbované ako
vibracéna energia, kiord zmeni molekularnu Struktdru,
déjde k vyZiareniu tepelnej energie a molekula UV
absorbéra sa vrati do pévodného stavu. Pouzivané UV
absorbéri su na baze kyseliny salicylovej, benzofenonu
a benzotriazolu.

Latky, ktoré odrazaju UV Ziarenie su oby&ajne na
baze napr. TiO,. Niektoré z tychto latok nielen UV
Ziarenie odraZaju, ale aj absorbuja [10].

Maximalnu ochranu poskytuju textilie viedy, ak
zabezpeduju 100% odrazivot UV Ziarenia resp. absor-
pciu Ziarenia ako zmenu Ziarenia na teplo.

a) Aplikacia do viakien ako aditivum

Aditiva s latky, ktoré sa do polymémych retazcov
nezabudovavaju, ale zostavaju dispergované v hmote
polymérov. Ako aditivum sa mézu pouZzit polyméry,
organické latky a ancrganické zli¢eniny. Pridavaju
sa do taveniny resp. roztoku polyméru tesne pred
zviaknenim.

Ako aditiva do polymérov odrazajucich UV Ziarenie sa
pouzivaji pradovietkym keramické prasky s vysokym
indexom lomu. S postupnym rozvojom technoldgie
nano-Castic sa pouzivaju aditiva s velkostou jednotiek
nanometroch. Optimalna jemnost praskovych ¢astic je
okolo 140-180 nm. Z pohladu pohlcovania UV Ziarenia
sa pouziva ZnO, ktory prakticky neprepusta paprsky UV
Ziarenia s vinovou dizkou od 300-370nm.

O nie¢o mene] Géinny je TiO,, ktory previada u vacsi-
ny vlidkien a je integrovany v PES, PA a PAN vlaknach.
TiO; je typicka anorganicka keramicka zli¢enina, ktora
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je schopna absorpcie v rozsahu vinovych diZzok 280—
400 nm.

MnoZstvo tychto latok vo vlakne sa pohybuije az do
10% a poskytuju cca 90% ochranu pred UV Ziarenim.
Niekedy sa keramicky prach rozptyluje len do jadra
bikomponentnych jadro/plast vlakien. Vdaka ich
dostatoénej odolnosti proti tepelnému Ziareniu je ich
vedlajsim efektom aj ochrana pred tepelnym Ziarenim,
pretoZe odraZaju aj infracervené paprsky s vinovymi
dizkami nad 700 nm a tym zabezpedéuju aj ochranu
proti vSetkym zlozkam slenného Ziarenia. Vplyvom
pritomnosti kovu sa u nich prejavuje aj antibakterialny
a dezodoraény ucinok. Taktiez je moZné pouzit kom-
bindciu tychto dvoch latok a tak zvysit UV absorpciu
textilie. [10]

Dalsimi keramickymi latkami, ktoré maju schopnost
ucinnej reflexie (odrazu) su aluminiové a aluminum
— silikatové zluceniny montmorilonit — bentonit.

b) Aplikacia nanosom vo faze zoslachtovania textilif

Principom Uprav textilii chraniacich pred pésobenim
UV Ziarenia je viazanie UV absorbérov alebo keramick-
ych Castic bud absorpciou alebo pomocou povrcho-
vého ,o¢kovania®.

Organické chemikalie ako benzotriazol, hydrobenzo-
fenol a fenyltriazin su pouZivané ako primérna zlozka
povrstveni resp. impregnacii a mézZu dosiahnut Siroky
ucinok pri UV ochrane. U PES textilii je mozné vyuzit to,
Ze latka typu benzotriazolu (pritomnost aromatickych
jadier) su schopné sa viazal na vidkna podobne ako
disperzné farbiva.

Celulézové vliakna maju nizku afinitu k UV absor-
bérom a preto sa tieto latky vaésinou dodavaju do
Zivicovych Uprav napr. pri realizacii nekréivej Upravy
[10].

Pre docielenie ochrany technickych textilii proti
UV Ziareniu sa pouZivaju techniky zatierania alebo
nanosov.

8. Zaver

Ochrana pred Skodlivymi U¢inkami sineéného UV
Ziarenia sa vplyvom zvy8§eného mnoZstva ozénovych
dier stava €oraz viac aktualnou, ziadanou a nevyh-
nutnou stc¢astou nasho Zivota a zagina sa vyuzivat aj
v textiliach. PoZiadavku na zabezpecenie ochrany pred
UV Ziarenim nezahffiaji uz iba technické textilie, ale
zacina sa uplatiiovat aj v odevoch, ktoré sa vyrazne
podielaju na ochrane svojho uZivatela.
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Review Articles

V poslednych rokoch je pozornost venovana vyrobe
odevov chraniacich pred slnecnym Ziarenim s cielom
ochranit pokozku pred spalenim. Bolo by skromné
predpokladat, Ze v budlcnosti budu tento typ ochrany
poskytovat vSetky bezné letné odevy a ochrana proti
UV Ziareniu uz bude samozrejmostou. Nasou snahou
by malo byt, aby sme dokazali tento sen zrealizovat a
pokusit sa tak predist mnohym ochoreniam.

Vyskumy v oblasti UV Ziarenia zamerané na ap-
likaciu prostriedkov zabezpecujucich ochranu pred UV
Ziarenim do vlakien ako aditiva dokazuju, Ze existuje
spbsob zabezpelenia ochrany pred nepriaznivymi
ucinkami sine¢ného UV Ziarenia. Trendom dnesne;
doby je vyskum v oblasti nanotechnologii a moZnosti
vyuZitia nanocastic pre docielenie novych, kvalitativne
lepsich viastnosti vlakien. Tato technolégia prinédsa so
sebou zacdiatok novej éry v oblasti vyvoja textilnych
materialov a dalSieho smerovania vyrobnych ale i
spracovatelskych &innosti. Pozitivnym hodnotenim
sl doposial dosiahnuté vysledky a zabezpecenie
permanentnej ochrany a to nielen pred UV Ziarenim,
ale aj pred dal$imi nebezpecenstvami, véade tam,
kde sa s touto technoldgiou pracuje. Prinosom tejto
technologie je, Ze poukazala na novy smer v oblasti
zo$lachtovania vldkien a textilii smerom k zvysenej
ochrane spotrebitela.
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Skodlivé chemické latky v textiliach

Pollak M.

VUTCH-CHEMITEX, spol. s r.o. Zilina, Slovenska republika
e-mail: chemitex@nextra.sk

1. Uvod

Vyvoj vo svete po Il. svetovej vojne, charakterizovany
prudkym rozvojom priemyselnej vyroby a zavadzanim
novych technolégii, bol sti¢asne sprevadzany dev-
astaciou Zivotného prostredia. Tento trend vyvolal
intenzivny rozvoj proekologickych aktivit a hladanie
realizovatelnych postupov pre odstrafiovanie eko-
logickych nedostatkov s cielom Gcinnej a efektivnej
ochrany prirody a Zivotného prostredia. Eurdpska
tnia prijala viacero opatreni v oblasti ekoldgie. Zostali
skodifikované v dodatku k Rimskej dohode z r. 1987.
V Maastrichtskej dohode je ustanovenie, Ze ochrana
zivotného prostredia musi byt integralnou suéastou
celkovej politiky lenskych statov EU [1). Ekologické
opatrenia vyZaduju:

- vyrazné obmedzenie emisii toxickych latok (z
LCiernegj listiny*)

— zvy$enie dotacii do vyroby zaloZenej na prvotnych
surovinach

~ zavedenie ECO-auditu (ECO Management and Audit
Scheme ,EMAS")

— zavedenie ECO-znaciek (ECO-labels) pre
oznacovanie vyrobkov (napr. eurdpsky kvet, mo-
dry anjel, biela labut a pod.), ktoré z ekologického
hladiska nezataZuju Zivoiné prostredie.
Environmentalne zameranie politiky ¢lenskych krajin

EU vychédza zo skuto&nosti, Ze élovek je integralnou

sucastou Zivotného prostredia, teda priamo i nepriamo

vytvara podmienky, v ktorych Zije, ale st¢asne vyt-
vara predpoklady pre existenciu Zivotnych podmienok
buddcich generacii. Jeho strategickou Glohou je aktivne
posobit na zivotné prostredie, aby sa zniZovali vietky
potencialne zdroje jeho znedistovania (priemyselné od-
pady, exhalaty, odpadové vody, zdroje Skodlivych latok

a pod.) a minimalizovali sa uZ jestvujlice negativne do-

pady z minulosti (czénova diera, sklenikovy efekt, globélne

oteplovanie, likvidacia dazdovych pralesov, potenciaine
zdroje toxickych a karcinogénnych latok a pod.).

2. Zdroje Skodlivych chemickych latok

Jednym z hlavnych znedistovatelov Zivotného pros-
tredia je priemysel. Spésobuje znecistovanie pody,
vody i ovzdu$ia. Stupern znedistenia zavisi od cha-
rakteru technologického procesu vyroby a spésobov
zabezpecovania jeho bezpecnosti. Vynimkou nie je
ani textilny priemysel.
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Na zneéistovani pody sa textiiny priemysel bez-
prostredne nepodiela. Komplikovanym problémom je
likvidacia lepenych plySov a vSivanych podlahovych
krytin. Ide o vyrobky, ktoré sa v prirode velmi tazko
(prostrednictvom mikroorganizmov) rozkladaju — de-
graduju. Obsahuju chemické latky na baze polyakryla-
tov a dalich polymérnych organickych zltiéenin, kioré
su iba obmedzene biologicky degradovatelné.

Znecistovanie ovzdusia je v zasade spojené
s bezprostrednym vyuZivanim zdrojov energie. Najviac
je ovzdusie zneistené oxidmi SO,, CO,, CO, CO,
a tuhymi Casticami (popol&ekom). Vynimoéne toxickymi
znecisteniami ovzdusia su chlérované derivaty dibenzo-
p-dioxinu alebo dibenzofuranu nazyvané dioxinmi. St
to toxicke a karcinogénne latky, pésobiace na fudsky
organizmus uz v stopovych mnozstvach. MéZu vznikat
v priebehu technologického procesu vyroby, ale aj
v priebehu spalovania textilnych odpadovych surovin
obsahujlcich su€asne chlér a organické zludeniny.
Z tohoto dovodu sa upusta od bielenia viakien a textilii
chlérom a chlérovanymi zliéeninami.

Znecistovanie vody: v pripade textiiného priemyslu
predstavuije toto znecisfovanie najvacsi problém, aj ked
mnoZstvo odpadov z textiinej vyroby, odvadzanych
bezprostredne do povrchovych vod je malé.

V odpadoch sa nachadzaju Skodlivé a toxické lat-
ky, ako napr. kyseliny, alkalie, mineralne soli, farbiva,
rastlinné oleje, tuky, vosky, povrchovo-aktivne latky,
tuziace latky, Zivice, polyméry, ale tieZ formaldehyd,
chlorovaneé rozpustadla, chlérované bifenyly, kovo-
organicke komplexy a tazké kovy. Tieto latky nie je
moZné z odpadovych véd odstranit sedimentaciou ani
biologickym Cistenim.

NajddleZitejSou Ulohou v oblasti ekologie je eliminacia
skodlivych latok prostrednictvom inovécie technologic-
kych procesov, napr. recyklizacia vody, nahrada chléru,
resp. chlérnanov ozénom, rekuperéacia rozpustadiel,
katalytické spalovanie ich zvyskov a pod.

3. Hodnotenie obsahu $kodlivych latok
vo vyrobkoch

3.1 Dobrovolny princip

Novy pristup k problematike kontroly $kodlivosti
technologie vyroby je oznagovany ako ,ECO - profi-
ling“. Je zaloZeny na skimani ekologickej Skodlivosti
daného vyrobku vo vietkych etapéach procesu vyroby.
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Obr. 1 Schéma procesu ekologickej analyzy textilnych vyrobkov [3]

V pripade, Ze sa nezistia v priebehu vyroby — teda od
vstupnych surovin az po odpady z vyroby vyrobku
— Ziadne ekologické negativa, vyusti proces ,ECO-pro-
filing" do procesu udelenia ekologickej znacky kvality
pre dany druh vyrobku ,ECO-labeling® [2].

Jednoznacna analyza znedcistujlcich latok nach-
adzajucich sa v jednotlivych etapach technologického
procesu a skodlivych latok vo finalnom vyrobku i jeho
medziproduktoch umozfiuje prijatie adekvatnych na-
pravnych opatreni vo vyrobe. Schéma procesu analyzy,
oznacovana ako metdda ,Ciernej skrinky", je znazorn-
enanaobr. ¢. 1.

Eco-labeling je v EU zavedeny na dobrovoinej baze,
tzn., Ze zavisi od vyrobcu, v akom rozsahu poZiada
o udelenie eko-znacky na vlastné vyrobky. V ramci
EU je nariadenim &. 880/1992 v zneni nariadenia &.
1980/2000 eurdépskeho parlamentu a Rady zavedena
povinne vo vSetkych &lenskych Statoch dobrovolna
eko-znacka tzv. europsky kvet. Kritéria pre textilne
vyrobky su definované v rozhodnuti €. 2002/371/ES a
st vo v8etkych &lenskych Statoch EU rovnaké. Udele-
nie eko-znacky vsak musia schvalit vietky ¢lenskeé Staty
prostrednictvom kompetentnych narodnych organov (v
SR je to Ministerstvo Zivotného prostredia).

Okrem europskej znacky sa v Europe vyprofilovalo
viacero narodnych komerénych eko-znaciek (nemecky
Modry anjel a pracovny kriz, Skandinavska biela labut,
holandsky Milieukeur). Mimo EU maju eko-znacku
v Kérei, Japonsku, Indii, Kanade a pod.

Délezitost nadobudaju predovsetkym medzinarodné
znadky, z ktorych je komeréne najlspesnejsia OKO-
TEX Standard. Ide o znacku eurdpskeho zdruZenia pre
vyskum a sku$anie v oblasti textilnej ekologie, ktoré
zdruzuje skuSobné laboratoéria z Europy i z celého
sveta (Cl’na, Korea, Japonsko, USA a Juhoafricka
republika).
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Kritéria vypracovane tymto zdruzenim boli inpiraciou
pre tvorbu kritérii eurépskej eko-znacky (tzv. eurép-
skeho kvetu) a aZ na malé vynimky su viaceré kritéria
totozne.

3.2 Legislativne vymedzeny princip hodnotenia
obsahu Skodlivych latok v textilidach

Je logické, Ze popri dobrovolnom spésobe hodno-
tenia obsahu $kodlivych latok vo vyrobkoch, textilné
nevynimaijlc, jestvuju v ramci EU legislativne pred-
pisy, tykajuce sa bezpecénosti vyrobkov. Smernicami
tzv. nového pristupu (New approach) su pre viaceré
vybrané komodity vyrobkov stanovené bezpecénostné
poZiadavky, ktorych spinenie musi vyrobca deklarovat
pred ich uvedenim na trh.

Vyrobky dlhodobej spotreby, medzi ktoré patria aj tex-
tilné vyrobky, st o$etrené smemicou EU &. 2001/95/EHS
o0 v8eobecnej bezpecnosti vyrobkov. Smernica definuje
pojem ,bezpecnost” vyrobku a moZnosti zavedenia kri-
térii bezpecCnosti pre jednotlive typy vyrobkov.

Okrem smernice o vSeobecnej bezpeénosti sa sor-
timentu textilnych a odevnych vyrobkov tykaju smer-
nice:

+ smernica EU 76/769/EHS, obsahujlca zoznam
chemickych latok a pripravkov, ktorych pouzivanie
vo vyrobkoch je obmedzené alebo zakdzané, v zneni
neskorsich zmien a doplnkov [3]: ’

= smernica 2004/21/ES, ktora definuje maximalnu kon-
centrdciu (30 mg.kg ")niektorého z 22 arylaminov,
ktoré mozu vzniknut redukciou azofarbiv, nachadza-
jucich sa v textilnych a odevnych vyrobkoch

+ smernica €. 91/338/EHS, ktora stanovuje maximalny
obsah (0,01 % hmotn.) kadmia (Cd) v textilnych
farbivach a pigmentoch smernica 94/27/EHS, ktora
stanovuje maximéalny obsah 0,5 pg/m?/ty#defi nikiu
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(Ni) v kovovych sUéastiach textilnych a odevnych
vyrobkov {(gombiky, spony nitovacie gombiky, oz-
doby, sponky, Snary, zipsy atd.) .

* nariadenie ¢. 91/173/EK, ktoré zakazuje pouZitie pen-
tachlorfenclu (PCP) vo vyrobkoch, uvadzanych na
trh EU, v koncentréaciach vy$sich ako 0,1 % hmotn.
V SR boli tieto smernice transponovane vyhlaskami

MH SR €. 67/2002 Z. z. a €. 180/2003 Z. z., ktorymi sa

vydava zoznam chemickych latok a pripravkov so zaka-

zom pouZivania alebo obmedzeniami. Tieto vyhlasky

su vykonavacimi predpismi k zakonu ¢. 163/2001 Z.

z. o0 chemickych latkach a chemickych pripravkoch

v zneni neskorsich predpisov.

Ako je z uvedeného prehladu zrejmé, legislativne
vymedzenie hodnotenia obsahu Skodlivych latok
v textilnych a odevnych vyrobkoch je pomerne uzko
koncipované. Vyplyva to zo skutocnosti, Ze nie su
spracované Studie analyz rizikovych faktorov, tzv. risk
assessment chemickych latok nachadzajucich sa v tex-
tilnych vyrobkoch, na zaklade ktorych by bolo moZneé
objektivne zddvodnit nutnost legislativne oSetrit tito
oblast. Dévodom je nedostatok finanénych prostried-
kov, kriticka situdcia suvisiaca so zniZovanim vyrob-
nych kapacit v textilnom odvetvi v désledku enorm-
ného narastu exportu &inskych textilnych vyrobkov
do Eurbpy, odrazajuca sa na nakupe lacnych surovin
a materialov z Azie, presun vyrobnych kapacit z Eurépy
do &zijskych krajin (India, Pakistan, Indonézia, Thajs-
ko), ako aj Licinné poscbenie lobby zastupcov vyrob-
cov, ktori nemaju zaujem o hodnotenie rizik (moZné
ddsledky vyplyvajuce z nutnosti pouZivania drahsich,
kvalitnejsich surovin a technologii v textilnej vyrobe).

3.3 Predtrhova kontrola textilnych vyrobkov
v SR

V suvislosti so vzniknutou negativnou situaciou na
trhu s textiingmi vyrobkami v SR a v Eurdpe prebie-
hala v SR v rokoch 1997-2004 povinna certifikacia
textilnych a odevnych vyrobkov. Podstatou certifikacie
textilnych vyrobkov bolo hodnotenie nasiedovnych
rizikovych faktorov:

— hodnotenie obsahu volného a hydrolyzovatelného
formaldehydu

- hodnotenie obsahu chlorovanych pesticidov vo
vyrobkoch s obsahom baviny a viny

- hodnotenie obsahu taZkych kovov (As, Pb, Cd, Cr,
Ni, Co, Cu, Hg)

— hodnotenie pH vodného vyluhu

— hodnotenie stalofarebnosti vo vode, v alkalickom a
kyslom pote a pri oteroch

— hodnotenie odolnosti vyfarbenia textiinych a odevnych
vyrobkov uréenych detom voci slinam a potu.

Uvedene rizikové faktory vyplynuli z analyz a hodno-
teni jestvujlcich systémov hodnotenia bezpeénosti tex-
tilnych vyrobkov v zahrani¢i a konzultacii so zdravotnic-
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kymi expertmi Ustavu preventivnej a Klinickej mediciny

(UPKM) v Bratislave. Vysledkom spolupréce bola slov-

enska technicka norma STN 80 0055 Textilie. Limitné

koncentracie Skodlivych latok. Technické poZiadavky
a skisobné metddy, ktora vstupila do platnosti od

1. 1. 1998. Norma sa stala zakladnym technickym pred-

pisom pre posudzovanie zhody textilnych a cdevnych

vyrobkov v SR v rokoch 1998 az 2005. V rokoch 2003

az 2004 presla rozsiahlou reviziou. Jej najnovsia verzia

z roku 2004 je STN 80 0055: 2004. Textilie. Textilné

a odevné vyrobky. Technické poZiadavky a sktsobné

metédy. Bola notifikevana v ramci EU. Popri stihrne

potencialnych rizikovych faktorov textilnych a odevnych
vyrobkov, redpektujtcich najnovsie legislativhe opatre-
nia EU, obsahuje i najnovsie v Eurdpe a vo svete zave-
dené skusobné metodiky a postupy na ich stanovenie
a maximalne pripustné koncentracie. Je ojedinelou
komplexne koncipovanou a pouZivanou narodnou
technickou normou pre textilné vyrobky v ramci EU

i vo svete.

Vysledky certifikacie ziskané autorizovanou osobou
SKTC-119 pri VUTCH-CHEMITEX, spol. s r.0. Zilina
v rokoch 1997-2004 (4) potvrdili, Ze sa na trh v SR
dovéaza cca 8 % textilu a odevnych vyrcbkov, ktoré
nevyhovuju technickym poZiadavkam. Ak vezmeme do
uvahy skutocnost, ze v roénom objeme ide o desiatky
az stovky milionov kusov vyrobkov uvadzanych na
trh v SR a tieZ fakt, Ze v ramci certifikacie boli posud-
zovaneé typy (skupiny) vyrobkov na zéklade rovnakého
materialového zloZenia a rovnakej technologie vyroby,
uvedenych 8 % predstavuje statisice az miliony kusov
textiinych a odevnych vyrobkov, ktoré mézu potencialne
chrozit zdravie a bezpecnost Sirokej spotrebitelskej
verejnosti, deti nevynimajuc.

Analyzy vysledkov certifikacie textilnych a odevnych
vyrobkov, ktoré su k dispezicii vo VUTCH-CHEMITEX,
spol. s r.o. Zilina [4] preukézali, e najviac vyrobkov
nevyhovovalo technickym poziadavkam, tykajlcich
sa:

— obsahu formaldehydu (sortiment koseli, postelnej
bielizne a vrchnych odevov pre deti)

— celkového obsahu chrému (osobna bielizen,
pancuchovy tovar, tricka, kosele)

— stalofarebnosti v potoch, vo vode a pri oteroch
(osobna bielizen, ko3ele, tricka, notna bielizen,
pancuchovy tovar, postelna bielizen, vrchné
oSatenie pre deti, plavky, toaletna bielizen).

4. Vedecko-technicky projekt ,,Stadium vplyvu
chemickych latok v textilidch na zdravie
obyvatelov v SR

Na zaklade ziskanych analyz pracovnici VUTCH-
CHEMITEX, spol. s r.0. Zilina oslovili odbornikov
z rezortu zdravotnictva (Slovenska zdravotnicka uni-
verzita — VVZ — UPKM, Bratislava a Fakultna nemoc-
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nica v Martine s poZiadavkou o spolupracu na presku-
mani vplyvu najCastejSie sa vyskytujicich nedostatkov,
zistenych v ramci certifikécie textilnych vyrobkov v SR
v rokoch 1997-2004, na ludsky organizmus.
Vysledkom bola priprava vedecko-technického pro-
jektu: Studium vplyvu chemickych latok v textiliach na
zdravie obyvatelov v SR (dalej len ZDRAVIE). Navrh
spoloéneho projektu bol predloZeny v roku 2004 na
schvalenie Agentlre na podporu vedy a techniky SR
v Bratislave (dalej APVT) v ramci aktualnej vyzvy,
nasledne bol schvaleny a APVT poskytla na jeho
rie§enie finanéné prostriedky. VUTCH-CHEMITEX,
spol. s r.0. Zilina sa na financovani spolupodiela. Doba

rieSenia projektu je 1. 1. 2005 az 31. 12. 2007.

Cielom rie&enia projektu je Studium vplyvu vybranych
Skodlivych chemickych latok (formaldehyd, tazké kovy,
farbiva), nachadzajucich sa v textiliach na zdravie ludi
v SR. Jednou z kluovych oblasti vyskumu je Stddium
vplyvu stélofarebnosti textilnych vyrobkov na ludsky
organizmus, ktora sa v odbornej literatlre vyskytuje
len velmi sporadicky a ziskané vysledky su rozporné
a nejednoznacné. Doékazom su aktualne spracované
reS§er§e odbornej literatlry, ktoré budud v priebehu
rieSenia VTP publikované.

Predmetom rieSenia VTP ZDRAVIE v roku 2005 je [5]:

1. Detailne zmapovat a analyzovat dostupnti odbornu
literatdru, k danej problematiky.

2. Zanalyzovat vietky ziskané vysledky uverejnené
v odbornych ¢lankoch, suvisiacich s predmetom
rieSenia VTP ,Zdravie®.

3. Analyzovat realizované legislativhe opatrenia
v danej oblasti v ramci EU a SR, resp. v narodnej
legislative jednotlivych élenskych krajin EU.

4. Analyzovat situaciu na trhu s textilnymi vyrobkami
v SR a metodiky hodnotenia obsahu Skodlivych
chemickych latok v textilnych a odevnych vyrob-
koch.

5. Vyber vzoriek textilnych vyrobkov, umiestnenych
natrh v SR, pre hodnotenie vplyvu $kodlivych latok
na zdravie obyvatelov v SR.

6. Realizovat testy akutnej koZnej a oénej drazdivosti
podla platnej normy STN a OECD Guidelineov ¢.
404 a 405.

7. UskutocCnit histo-patologické testy vzoriek tkaniv
zvierat, ktoré presli testami koZnej draZdivosti ap-
likaciou textilii podla bodu 5.
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8. Realizovaf testy koZnej senzibilizacie vzoriek
Skodlivych latok (HCHO, azofarbiva) na vyty-
povanych probandoch.

9. Vypracovat analytické studie obsahu tazkych kovov
v tkanivach experimentalnych zvierat po aplikacii
vzoriek textilii podla bodu 5.

5. Zaver

Riesenie projektu ,Zdravie" je prvym krokom ku kom-
plexnému rieSeniu problematiky hodnotenia obsahu
vybranych Skodlivych chemickych latok v textilnych
a odevnych vyrobkoch v SR.

Koneény vysledok — 8tudia — bude obsahovat analyzy
rizik chemickych latok a farbiv, z textilnych a odevnych
vyrobkov, prichadzajtcich do bezprostredného kontak-
tu s ludskou pokozkou. Nakolko ide o vyrobky dennej
potreby, analyzy rizik a ich dosledkov na [udsky orga-
nizmus su jednou zo zékladnych podmienok realizécie
smermice EU 2001/95/EHS o vieobecnej bezpeénosti
vyrobkov a dal$ich legislativnych predpisov EU v danej
oblasti. V SR bola preto aktudlne zriadena komisia
pre vSeobecnl bezpecnost vyrobkov na MH SR. Ob-
dobne postupuiju aj ostatné &lenské Staty EU.

Tento prispevok bol spracovany v ramci riesenia projektu ,Zdra-
vie" APVT-89-010604
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Suhrny diplomovych prac
na Katedre textilu a odievania, FPT TnU
so sidlom v Puchove v ramci inZinierskeho studia
v Skolskom roku 2004/2005

Autorka DP: Be. Katarina Milonova
Veddci DP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Jozef Hudak,CSc.
Recenzent: ing. Milan Vojtko,CSc.

HODNOTENIE STRUKTURY A VLASTNOSTI EKO
POLYPROPYLENOVYCH VLAKNITYCH
MATERIALOV

PredloZena diplomova praca skuma vplyv pelypro-
pylénovych vlakien pripravenych o rozdielnej makro-
morfologickej Strukture na fyzikalnu aktivitu — sorpciu
ropnych resp. olejovych latok z vodnéeho prostredia
u netkanych materialov.

Teoreticka cast diplomovej prace obsahuje prehiad
poznatkov o rozvoji, Strukture, viastnostiach a aplikacii
EKO polypropylénovych vidkien. Uvadza, rozdeluje
a popisuje technoelegické postupy vyroby polypropylé-
novej strize a netkanych materialov.

V experimentalnej ¢asti prace sa v prvej faze hodno-
tia fyzikalno — mechanické viastnosti, kryStalicky podiel
a mikroskopické snimky povrchu, ako aj prie€ne rezy
pripravenych vzoriek polypropylénovej strize. Druha
faza vyhodnocuje fyzikalno-mechanické vlastnosti
netkanych materialov, mikroskopickeé snimky povrchu
a fyzikalnu aktivitu — sorpciu olejovych latok z vodného
prostredia.

EVALUATION OF THE STRUCTURE AND PRCP-
ERTIES OF EKO PP FIBRES MATERIALS

The presented diploma work examines the effect of
polypropylene fibers which are made for physical activ-
ity — sorption of oil materials from an agua medium by
nonwoven materials in different macromorphological
structures.

The theoretical part of this diploma work contains
a review of the development, structure, quality and
application of EKO polypropylene fibers.

It also introduces, divides and describes technologi-
cal manufacturing procedures for polypropylene staples
and nonwoven materials,

In the first phase of the experimental part of this
diploma work, physical and mechanical properties.
the crystalline portion, the microscopic photos of the
surface and the transverse cuts of prepared samples
of polypropyiene staple are evaluated.

In the second phase there are evaluated physical
and mechanical properties nonwoven materials of,
microscopic photos of surface and physical activity
— sorption of oil materials from agua medium.
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Autorka DP:  Bc. Slavomira GreguSova
Vedtici DP: Doc. Ing. Iva Srokova, CSc.
Konzultant DP: Ing. Slavka Minikova
Recenzent: Ing. Jan Hirsch, DrSc.

PRIPRAVA NOVYCH BIOPOLYMEROQV Z HYDROXY-
ETYLCELULOZY
S VYUZITIM MIKROVLNNEJ ENERGIE

Diplomova praca sa zaobera pripravou novych deriva-
tov hydroxyetylceluldzy konvenénymi a nekonvenénymi
postupmi:

» transesterifikéciou metylesterom kyseliny laurovej
a metylesterom repkového oleja, s cielom pripravit
estery bezrozpustadlovym spdsobom esterifika-
cie

» transesterifikaciou vinyllauratom v prostredi
H,0/K,CO,4

» transesterifikaciou metylesterom kyseliny laurovej
a metylesterom repkového oleja, vinyllauratom za
Géinku mikrovin.

Estery sa charakterizovali FTIR spektrami. Stanovili
sa ich povrchovo-aktivne viastnosti (povrchové napétie,
emulgaéna uéinnost, penivest, pracia a antiredepozi¢na
uéinnost).

Derivaty sa vyznacuju malym zniZovanim povr-
chového napatia, vybornou emulgaénou G¢innostou
porovnatelnou s komerénym emulgatorom Twennom
20, velmi dobrou penivostou, vynikajucimi pracimi
Lcinkami porovnatelnymi s dodecylsiranom sodnym
(LaSO,Na), velmi dobrou antiredepoziénou Uéinnostou,
prevysujucou ucinnost HEC resp. CMC, ktora sa
pouziva vo funkcii ochranného koloidu.

THE PREPARATION OF NEW BIOPOLYMERS FROM
HYDROXYETHYLCELLULOSE USING MICROWAVE
ENERGY

The diploma work deals with the preparation

of new derivations of hydroxyethylcellulose using

conventional and unconventional methods:

» transestenfication with fatty acid methylester (FAME)
and methylester of rape oil using a free solvent tech-
nique

» transesterification of HEC with vinyllaurate, in a
water/K,CO, system

» transesterification with fatty acid methylester (FAME)
and methylester, with vinyllaurate under the effect of
microwave energy
The esters hydroxyethylcellulose were character-

ized by FT-IR spectra. Their surface-active properties
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were determined (surface tension of water, emulsifying
efficiency, foamability, washing performance, antirede-
position efficiency).

The main features of the derivatives exhibited low-
ered surface tension of water, excellent emulsifying
activity, which can be compared - to Twenn 20, very
good foamability, excellent washing power, compared
to sodium dodecylsulfate (LaSO3Na) and, very good
antiredeposition activity.

Autorka DP:  Bc. Erika Kupcova

Veduci DP: Doc. Ing. Iva Srokova, CSc.
Konzultant DP: Ing. Lubica Egylidova
Recenzent: Ing. Renata Pollakova

USTALOVANIE VYFARBENI BAVLNY REAKTIVNY-
MI FARBIVAMI

Vyfarbenia reaktivnymi farbivami zaznamenavaju po-
slednych desat rokov zmeny, hlavne v oblasti
ustalovania.

Ustalovanie vyfarbenia baviny fixaénymi prostried-
kami pouZivaju aj v a.s. Levitex Levice. Vyznacuje
sa jednoduchou aplikaciou, Usporou energif, ¢asu
a Uzitkovej vody, no este stale existuju nedostatky,
ktorych vyrieSenie moZze priniest zlepSenie Uzitkovych
vlastnosti vyfarbeni reaktivnymi farbivami a pritom tiez
vyznamné uspory chemikalii a nakladov.

Diplomova praca sa zaobera zlepsenim stalofareb-
nasti vyfarbeni reaktivnymi farbivami na bavinenom
materidly a ekonomikou ustalovania.

Ulohou tejto prace je zhodnotit z hladiska kvali-
ty, ktoré z pouzitych typov fixacnych prostriedkov su
najvhodnejSie na ustalovanie a porovnat jednotlivé
fixaéné prostriedky z ekonomického hladiska.

Na zaklade porovnania dosiahnutych vysledkov
s nakladmi pre ustalovanie moZno konstatovat, Ze
zlepSenie stalofarebnosti vyfarbenia je pre kazdy
dezén rozdielne a zavisi od pouzitého fixaéného pros-
triedku.

FIXATION DYEING OF THE COTTON MATERIAL OF
REACTIVE DYES

The dyeing of reactive dyes has changed in areas
of fixing in the last ten years.

This method is also used at company Levitex Levice.
It is characterized by a simple application, saving en-
ergy, time and utility water, but there are still some
shortages where resolution can improve utility quali-
ties, the dyeing of reactive dyes and saving chemicals
and costs.

This diploma work deals with the improvement of
colour fastness dyeing of reactive dyes on cotton mate-
rial and the economics of fixing.

The main task of this work is to evaluate from the view-
point of quality, which the type of fixing equipment has the
most suitable effect and compared economically.
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After comparing the results achieved, we can state
that improving the stability for each design is different
and depends on using the fixing equipment.

Autorka DP:  Bec. Lenka Istenikova
Vedtici DP: Ing. Gajane Urban, CSc.
Konzultant DP: Ing. Ludmila Balogova
Recenzent: Ing. Vladimira Papajova

SLEDOVANIE VPLYVU KONSTRUKCIE

A MATERIALOVEHO ZLOZENIA

PLETENINY SO ZNIZENOU HORLAVOSTOU NA
JEJ VYSLEDNE PARAMETRE

Sledovanie vplyvu konstrukcie a materialového
zloZenia pleteniny so zniZenou horlavostou na jej
vysledné parametre.

Diplomovéa praca je zamerana na pleteniny so
znizenou horlavostou na baze $pecialnych vlakien.
Na tychto pleteninach sa sleduje vplyv konstrukcie
a materialového zloZenia na vysledné kvalitativne
parametre ako su stalost vo vyfarbeni, priepustnost
vzduchu, Zmolkovitost a rozmerova stabilita po pra-
niach a su8eni.

Tématicky je rozdelena na dve &asti. V prvej, teo-
retickej Casti su spracované informacie o 8pecialnych
vlaknach so zniZenou horlavostou, ktoré su vhodné pre
vyrobu Specidlnych textilnych materiadlov a odevov pre
profesie, vyZadujuce ochranu pred rizikom otvoreného
ohna a vysokych teplt. Strucne st zhrnuté aj poznatky
o pleteninach, o ich konstrukcii a charakteristike. Druha,
experimentalna ¢ast obsahuje skuSobné metddy, popis
a vysledky experimentov.

OBSERVING THE EFFECT OF THE CONSTRUC-
TION AND MATERIAL COMPOSITION OF KNIT-
TING WITH LOWER COMBUSTION ON ITS RE-
SULTING PARAMETERS.

The diploma work concerns knitting with lower com-
bustion on the basis of special fibres. The effect of
construction and material composition on the resulting
qualitative parametres is observed. The gualitative
parametres are: colour-fastness, transmission of air,
forming crumbles on textiles and dimension stability
after washing and drying.

As far as the theme is concerned, the diploma work
can be divided into 2 parts. In the first part, theoretical
information on special fibres with a lower combustion
is developed. They are suitable for the production of
special textile materials and clothes for professions
requiring protection against the risk of dpen fire and
high temperatures. The knowledge on knitting and
their construction and characteristics are also briefly
summed up. The second experimental part includes
examining methods, descriptions and the results of
experiments.
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Autorka DP;  Bec. Jana Pechocgiakova
Vedtci DF: Ing. Milan Kralik,CSc.
Konzultant DP: RNDr. Lubomira Hollanova
Recenzent: Doc.Ing.Anna Ujhelyiova,PhD.

NANOSTRUKTURALNE POVRSTVENIE TEXTIL-
NYCH MATERIALOV SOL-GEL TECHNIKOU.

Diplomova praca sa zacbera problematikou textil-
ného zodlachtovania za mokra technologiou sol-gel
postupu k funkénému nanopovrstveniu povrchu texiil-
ného materialu.

V diplomovej praci su zhrnuté teoreticke poznat-
ky stucastne pouZivanych technologickych postupov
a novej sél-gél techniky pre Specialne fyzikalno — chem-
ické, konecné Gpravy.

V experimentalnej Casti diplomovej prace su uve-
dené vysledky z pripravy nanosélov a organonanosolov
(SiO,),, podmienky ich nanesenia na PES, VIS a ba
tkaniny a vytvorenia nanovrstvy a hodnotenie vybranych
funkénych viastnosti takto povrstvenych tkanin.

NANOSTRUCTURAL COATING OF TEXTILE MATE-
RIALS USING SOL — GEL TECHNOLOGY.

The thesis deals with problems of wet finishing of
textiles using sol - gel technology aimed at the func-
tional nanocoating of a textile's surface. Theoretical
knowledge of technological procedures applied at
present and new sol - gel techinology for special physi-
cochemical finishes were summarized in the thesis.

The experimental part of the thesis includes results
concerning the preparation of nancsol and organcna-
nosols (Si0,), , conditions PES for coating, viscose and
cotton woven fabrics with compounds and deposition of
the nanolayer as well as an evaluation of the selected
functional properties of the coated woven fabrics.

Autorka DP: Bc. Martina Gundzova

Veddci DP Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Jarmila Balogova
Recenzent: Ing. Jaroslav Lucivjansky

PRIPRAVA INTEGROVANYCH TEXTILIl ZO ZMESI
VLAKIEN NA BAZE POLYPROPYLENQVYCH
MIKROVLAKIEN

Diplomova praca je zamerana na aplikaciu zmesi
vlakien na baze polypropylénovych mikroviakien pre
pripravu integrovanych textilii so zlepSenymi fyzio-
logickymi viastnostami. Integrované pleteniny boli
vyrobené zo zmesi viakien na zaklade polypropyle-
novych mikroviakien v kombinacii s bavinou, elas-
tanom a polyesterovym vidknom . V laboratornych
podmienkach podla stanovenych noriem sa hod-
notili fyzikalno — mechanické viastnosti jednotlivych
vidkien a pletenin, TieZ sa hodnotila makromorfo-
logicka Struktdra a fyziologické vlastnosti pletenin.
Piatimi probantmi boli vyhodnotené uzitkove viastnosti
termopradla.
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Cielom tejto prace bolo urCenie interakcie : viastnosti
vlakien, materialové zloZenie integrovanych textilii a
ich vlastnosti.

PREPARATION OF INTEGRATED FABRICS FROM
A FIBRE BLEND BASED ON POLYPROPYLENE
MICROFIBRES

The diploma work were concentrates on application
of a fibre blend based on polypropylene microfibres for
preparation of integrated fabrics with improved physi-
ologica! properties. Integrated knits were made from
blended yarns based on poiypropylene microfibres
with cotton, elastan and polyester combinations. The
physical and mechanical properties of individual yarns
and samples of integrated knits from these yarmns were
evaluated, under laboratory conditions according to de-
termined norms. The macromorphclogical structure and
physiociogical properties of fabrics were also evaluated.
Five probants were evaluated commercial properties
of thermal underwear.

The main aim of this work was evaluating the interac-
tion between fibre properties, the material composition
of integrated fabrics and their properties.

Autorka DP:  Bec. Stefania Volfova

Veduci DP: Doc. Ing. Iva Srokova, CSc.
Konzultant DFP: Ing. Viadimir Vavro
Recenzent: Mgr. Jarmila Cingelova, PhD

VPLYV KVALITY KUPELA NA MAGNETICKE
VLASTNOSTI SUCIASTOK V TECHNOLOGICKOM
PROCESE VYROBY VO FY HYDAC

V diplomovej praci sa riesila problematika fy HYDAC
a to kvalita umyvacieho a oplachovacieho kipela na
koneénil kvalitu vyrobkov. V tomto procese umyvania a
odmastovania suciastok sa pouZiva prostriedok SurTec
101 obsahujuci popri ostatnych zloZkach anionové a
neidnove tenzidy.

Technologicky postup vo vyrobe predpisuje dodrzat
urcité koncentracné rozmedzie prostriedku SurTec pre
oba kupele.

Na sledovanie kvality kipelov sa pouzili metédy z
oblasti hodnotenia povrchoveaktivnych latok. Sledované
veli€iny st funkciou €asu pouzivania kipelov
a koncentracie. Optimalna funkcia kipela je cca 5 dni.

THE EFFECT OF THE QUALITY OF A BATH ON
THE MAGNETIC PROPERTIES OF A PRODUCT
IN A TECHNOLOGICAL PROCESS IN THE HYDAC
FIRM

The thesis deals with an issue of HYDAC firm name-
ly, the effect on quality of a washing and rinsing bath
on the final quality of a product. In this process SurTec
101 is used as cleaning and washing agents.

The description of the technological methods dic-
tates to abiding some concentration ranges of this
medium for both baths.
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For monitoring the quality of baths, were used meth-
ods for the ambit of the value analysis of a surface-ac-
tive substance. Were found, that testing parameters
are a function of time and concentration. The optimal
function of a bath is about 5 days.

Autorka DP: Bec. Lenka Strharska
Vedlci DP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Jarmila Sykorova,
Ing. Michal Siarnik

Recenzent : Doc. Ing. Anna Murarova, PhD.
éTRUKTU,RA A VLASTNOSTI AGREGOVANYCH
VLAKENNYCH UTVAROV

Diplomova praca je zamerana na pripravu agrego-
vanych vlakennych atvarov zo zmesi polyesterovych
a Lyocellovych vlékien a na hodnotenie ich fyzikalno-
mechanickych viastnosti. Agregované vlakenné utvary
sa pouZivaju ako vypln

do vankus$ov. Cielom diplomovej préace je agregovat
vlakna hydrofébne s hydrofilnymi, za (i¢elom zvySenia
prijmu vihkosti.

THE STRUCTURE AND PROPERTIES OF AGGRE-
GATED FIBRE SYSTEMS MADE FROM POLYETH-
YLENE FIBERS

The thesis is focused on the preparation of aggre-
gated fibre systems based on polyester and Lyocell
fibres. Simultaneously, it deals with an evaluation of its
physico-mechanical properties. Aggregated fibre sys-
tems are used to fill the pillows. The goal of the thesis
is to aggregate hydrophobic fibers with hydrophilic ones
for the purpose of increasing moisture intake.

Autorka DP:  Be. Silvia Téthova

Vedlci DP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Vladimir Rusnak

Recenzent: Ing. Milan OiSovsky

PRIPRAVA A VLASTNOSTI KOMPOZITOV NA
.BAZE CADICOVYCH VLAKIEN
Diplomova praca je zamerana na pripravu a hod-
notenie kompozitov na baze nekoneénych ¢adiCovych
vidkien a Zivic. Hodnotila sa makromorfologicka
Struktira ¢adicovych vlaknitych materidlov cbrazo-
vou analyzou. Pripravili sa viacvrstvové kompozity
vystuZené Cadic¢ovymi a sklenenymi vlaknami techno-
I6giou ruéného laminovania a vakuovym lisovanim pod
foliou. Stanovili sa fyzikalno-mechanické viastnosti a
kyslikové ¢&islo.Vlastnosti a Struktira kompozitov na
baze cadiCovych vlakien sa porovnavali s kompozitmi
vystuZzenymi sklenenymi vidknami, ktoré tvoria v tomto
obdobi zakladny typ konstrukénych materialov.

PREPARATION AND PROPERTIES OF COMPQOS-
ITES BASED ON BASALT FIBERS
The purpose of this work is the preparation and
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evaluation of composites based on continuous basalt
fibers.

The structures of the basalt reinforcements were
evaluated. The basalt and glass fiber-reinforced poly-
ester resin and epoxy composites were prepared by
hand using a lay-up and vacuum foil infusion process to
determine their mechanical properties and the oxygen
index. The properties and structure of the composites
based on basalt and glass fiber were compared.

Autorka DP:  Bc. Bozena Manduchova
Veduci DP: Doc. Ing. Iva Srokova, CSc.
Konzultant DP: Ing. Alzbeta Cizova
Recenzent: RNDr. Anna Malovikova, PhD.

NOVE POSTUPY MODIFIKACIE CMS VEDUCE K
BIOSURFAKTANTOM

Diplomova praca sa zaobera Studiom fyzikalno-
chemickych vlastnosti derivatov pripravenych chem-
ickou modifikaciou O-(karboxylmetyl) Skrobu.

Derivaty sa pripravili transesterifikaciou s metylester-
om repkového oleja, s vinyllauratom a s metyllauratom
v réznych prostrediach (v DMF,H,0, solventfree) bez i
za pritomnosti katalyzatora (4-TSK, K,CO,, NaOH) vari-
rovanim reakénych podmienok (teploty, ¢asu, hmot-
nostného a molového pomeru) pri klasickom spasobe
ohrevu alebo za U¢inku mikrovinného Ziarenia.

Pripravené derivaty sa charakterizovali FT-IR spe-
ktrami 2 u vodorozpustnych sa stanovila emulgacna
ucinnost, povrchové napétie, kriticka micelova koncen-
tracia, pracia a antiredepozic¢na Uéinnost.

Pripravené hydrofobizované estery CMS sa vyznago-
vali relativne dobrou emulgacnou Ucinnosfou, pracou a
antiredepozi¢nou ucinnostou.

NOVEL METHODS FOR THE MODIFICATION OF
O-(CARBOXYMETHYL) STARCH LEADING TO BIO-
SURFACTANTS

The thesis deals with a study of the physico-chemi-
cal properties of derivatives prepared by the chemical
modification of O-(carboxymethyl) starch.

The derivatives were prepared by transesterification
with methyl ester of vegetable oil, vinyl laurate and
methyl laurate in different solvent systems (DMF, H,O)
or under solvent-free conditions, with and without 4-
TSA, K,CO; or NaOH as a catalyst. The reactions were
carried out under various reaction conditions (mass or
mole ratio, time, temperature) with conventional heating
or by microwave irradiation.

The prepared derivatives were characterized by FT-
IR spectroscopy and surface active properties such as
emulsifying efficiency, washing power, antiredeposition
efficiency and the surface tension of water-soluble
derivatives were determined.

The partially hydrophobised esters of CMS exhibited
relatively good emulsifyng activity as well as washing
power and antiredeposition efficiency.
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Autorka DP:  Bc. Jana MastiSova
Vedtici DP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Michal Siarnik,
Ing. Jarmila Sykorova

Recenzent: Doc. Ing. Anna Murarova, PhD.
STRUKTURA A VLASTNOSTI RUN ZO ZMES| VLAKIEN

Diplomova praca bola zamerana na pripravu rina s
roznym zloZenim PES a Lyocellovych vidkien, na hod-
notenie Struktury a fyzikélno-mechanickych viastnosti
tychto ran, ktoré sliZia ako vypln do prikryvok. Ciefom
prace bolo spojit hydrofébne vlakno s hydrofilnym za
Ucelom zvysenia prijmu vihkosti rina. U rin sa sledo-
vala rozmerova stabilita bezprostredne po vyrobeni a
v Casovej zavislosti. TieZ sa hodnotili deformacéné a
tepelnoizolaéne vlastnosti rin. Pomocou obrazovej
analyzy sa hodnotila makromorfologicka Struktira a
stanovil sa podiel viakna a vzduchu v rine. V zavere
sa posudzovali vztahy medzi Struktirou a vlastnostami
pripravenych rin.

THE STRUCTURE AND CHARACTERS OF FLEEC-
ES OF MIXED FIBRES

The diploma work focused on the preparation of
fleece with different compounds of PES and Lyocell
fibres and on evaluation of the physical and mechanical
characters of these fleeces. These fleeces are used as
filler for quilts. The goal of the diploma work is to combine
hydrophobic fibre with hydrophilic ones for the purpose
of increasing the moisture intake of fleece. We observed
dimensional stability immediately after preparation and
dependence on time. We also evaluated the deformation
and thermal-isolation characters of fleece.

Through image analysis the structure was evaluated,
where the ratio of the fibres and air was determined. In
conclusion, we judged the relations between the struc-
ture and characters of the prepared fleeces.
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Autorka DP:  Bc. Dana Adamikova
Vedtci DP: Ing. Gajane Urban, CSc.
Konzultant DP: Ing. Martin Pilko
Recenzent: Ing. Ludmila Klusova

ANALYZA PROCESU SPRACOVANIA AIRBAGOV-
EHO SVA

Diplomovéa praca sa zaobera analyzou skusok
nastrelovania vzduchovych vankui8ov (airbagov) a
technolégiou SAB Svov a autopotahov, v podmien-
kach vyroby EYBL, s r.o. Tématicky je rozdelena na
dve Casti.

V teoretickej Casti sa nachadza prehlad poznatkov
v procesoch nakladania, oddelovania, spojovania,
dokoné&ovania a organizaéného procesu riadenia.

Experimentalna ¢ast obsahuje skiSobné metaédy,
popis a vysledky experimentov roztrhnutia SAB Svov,
pri zapracovani airbagu so zameranim na dobu a
velkost tohoto SAB 8va a analyzu niti pouZivanych pri
Siti autopotahov a SAB Svov.

ANALYSIS OF AIRBAG STITCH PROCESSING

The thesis centers on an analysis of testing the
activation of airbags and on the SAB technology of
stitches and car seat covers under the EYBL company's
manufacturing conditions. Its subject matter consists
of two parts.

The theoretical part contains an overview of insights
into the loading, separating, connecting and finishing
processes and the process of organisational manage-
ment.

The experimental part features the testing methods,
the description and results of experiments of the rupture
of SAB stitches upon airbag activity taking into consid-
eration the time aspects and the size of the stiches and
an analysis of the threads used for car seat covers and
SAB stitches.
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