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MECHANICAL PROPERTIES OF METALLOCENE POLYPROPYLENE
FIBRES MODIFIED WITH COPOLYAMIDE AND COMPATIBILIZER

M. Kristofi¢, A. Ujhelyiova and J. Ryba

Institute of Polymer Materials, Faculty of Chemical and Food Technology
Slovak University of Technology in Bratislava
Radlinského 9, 812 37 Bratislava, Slovak Republic
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Abstract: Metallocene polypropylene (mPP) fibres modified with copolyamide consisting of 85
wt.% of e-caprolactam and 15 wt.% of nylon salt of adipic acid and diethylenetriamine, and
isotactic polypropylene grafted with maleineanhydride were prepared and their mechanical

properties were evaluated.

Blended mPP fibres containing only 4, 8 and 12 wt.% of copolyamide without compatibilizer were
not spinnable, these containing 4, 8 and 12 wt.% of copolyamide and compatibilizer in the amount
equals to either 50% or 100% of copolyamide amount were prepared by standard method. Higher
amount of compatibilizer ensures better mechanical properties such modified metallocene

polypropylene fibres.

Key words: metallocene polypropylene, modification, copolyamide, compatibilizer, properties of

modified fibres

1. INTRODUCTION

Modification of polymers is usually performed
with the aim to improve some end-use
properties of their products. Generally, this
modification can be made as chemical,
physical or combined modification. Chemical
modification consists in formation of new
bonds, atoms or groups in or on polymer’
macromolecules  e.g. preparation  of
copolymers. Physical one is characterized by
addition of another agent (so-called additive
with low or high molar weight) into polymer
and formation of a blend. In the blend minor
macromolecular additive can be dispersed in
the form of fibrils F in the matrix M of major
polymer.

Preparation of M/F blend is often an effective
way for a preparation of sophisticated fibres

as well. On the one side some end-use
properties of modified fibres can be
improved, like sorption of water vapour,

dyeing in bath and antistatic properties on
the other hand their lower mechanical
properties are usually obtained if the minor
additive has low molar weight or/and
components of polymer system are
incompatible.
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So 8 wt.% of copolyamides based on ¢-
caprolactam and nylon salt of 1-(2-
aminoethyl)piperazine with adipic acid [1] or
5-15 wt.% of copolyamides based on ¢-
caprolactam and nylon salt of
diethylenetriamine with adipic acid [2] or 1-5
wt.% of polyamideureas based on ¢-
caprolactam, urea and nylon salt of 1-(2-
aminoethyl)piperazine with adipic acid [3]
used as additives without compatibilizer
improve sorption of water vapour, dyeing in
bath and antistatic properties of modified
polypropylene (PP) fibres but negatively
influence their mechanical properties.
Polymers like polystyrene (PS) or
copolymers acrylonitril-butadiene-styrene
(ABS) having hydrophobic segments similar
to those of PP can be applied without
compatibilizer as well. Maximal amount of 25
wt% (PS) or 40 wt% (ABS) can be
introduced into PP without negative influence
to spinning and drawing of blend PP fibres.
Modified PP fibres have better dyeability and
lower mechanical properties [4].

Processing of M/F blend with two polymers
having the desired set of properties usually
requires additional measures to achieve
good adhesion. Chemical modification of one
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polymer allows considerable adhesion
advancement with the other. Or it can be
used as compatibilizer joining two
components of the blend.

PP fibres modified with 25-30 wt.% of
polyamide 6 and polypropylene-grafted
maleine anhydride as compatibilizer or with
15-30 wt.% of polyethylene terephthalate and
amide of stearic acid and alkylphthalate as
compatibilizer are prepared and can be
effectively dyed with disperse dyes in bath
without carrier [5].

Application of polypropylene-grafted
polyurethane into blend of polypropylene and
polyurethane  brings best rheological
behavior, spinning capability and tensile
strength of fibres at the proportion of 4% of
polyurethane in mass [6].

Better sorption of water vapour and dyestuffs
of PP modified fibres was achieved if
copolymer ethylene-propylene (up to 4.3
wt.%) was applied in the blend of PP and
ethylene-vinylacetate copolymer up to 20.3

wt.% [7].
Specific  compatibilizers enable direct
bonding of modified polypropylene to

polyamide in a reactive extrusion process [8].
As it was mentioned above copolyamides
based on ¢-caprolactam and nylon salts of
polyamine were effective additives for
improvement of sorptive properties of PP
fibres but lower mechanical properties were
achieved. The aim of this contribution was:

- the application of compatibilizer into

mPP/copolyamide blends and
preparation of modified fibres and

- evaluation of compatibilizer to their
mechanical properties.

2. EXPERIMENTAL

2.1 Materials used

- Metallocene polypropylene PP HM

562R, abbreviation mPP, chips and
ground, MFI=26.6 g/10 min, producer
Lyon de Bassel, Italy.

- Copolyamide KOPA 15% ADETA,
abbreviation A, binary copolyamide from
85 wt.% of ¢- caprolactam and 15 wt.%
of nylon salt ADETA (adipic acid +
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diethylenetriamine), synthesized by
authors according to [9, 10] devoided of
low-molecular compounds by 2 hours
extraction in hot water, dried, T,=192°C
(DSC), [n]=73 g.mI”" (viscosimetrically in
96% HySO4, 25°C). Comparable
commercial PA 6 from Nylstar Humenné,
Slovakia has Tr, = 221°C (DSC), [n]=153
g.mlI”" (viscosimetrically in 96% H.SO4,
25°C).

- Licomont AR 504, abbreviation L, low
molecular isotactic polypropylene grafted
with maleineanhydride, producer Clariant
GmbH, vyellowish chips (fine grain),
temperature of softening: 154-158°C,
approximate  density: 910  kg.m?,
viscosity of melt at 170°C about 800
mPa.s.

All three materials used have sufficient

thermal stability for processing in the melt

[11, 12].

2.2 Preparation of blends and fibres
Ground mPP or its chips, chips of dried
copolyamide A and compatibilizer L were
used for the preparation of mPP modified
chips. Four sets (I — IV, | = samples 2-4, Il =
samples 5-7, lll = samples 8-10 and IV =
samples 11-13) of modified mPP chips were
prepared according to Table 2. The minimal
concentration of additives was 4 wt.% and
the maximal one was 24 wt.%.

Relevant components of blends were
mechanically mixed and melted in a single-
screw  ribbon  extruder GOTTFERT
(Germany) at the temperature of its 3 zones
T4=T»=T3=200°C. The blended ribbon was
cooled down in the cold water and cut into
chips. The air-dried blend chips were finally
vacuum-dried 2 hours at T4=105°C and used
for fibre preparation. The time of moulding of
each sample with known weight and
pressure during process as well were
registered and apparent viscosity na, of the
melt was calculated [4]. Compositions of all
prepared blends and fibres as well are given
in Table 2.

Because all three samples of set | i.e. mPP
modified only with copolyamide without
compatibilizer were not spinnable three sets
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I, I and IV of modified mPP fibres were
prepared as it is clear from Table 2. The
spinning of dried blend chips was performed
by laboratory spinning equipment with the
extruder D=16 mm at T5=210° C, weight
feeding 15.6 g/10 min, take up speed 150
m.min~ with lubricant, spinneret nozzle with
13 fibrils. After spinning the fibres were
drawn at T¢=110° C to the drawing ratios
M=3, A=4 and A3=4.8 (only fibres with
maximal amount of L). Fibres from blends
mPP+A without compatibilizer L were not
prepared due to the absence of
compatibilizer. During spinning of these
blends the elasticity of blend melt was so low
that in the moment of winding the stream of
fibres on the godet they have broken directly
under the spinneret nozzle.
The fibers” orientation factor f was calculated
according to the equation:
f=1 — C,2/C? (1)
where C, is the speed of sound in the absolutely
non oriented fibres and C is the speed of sound
in the fibre measured by a PPM-5 Dynamic
Modulus Tester (H.M. Morgan Co. Inc. Norwood,
USA).
For mPP the value C, of isoPP equals
1.6x10° m/s was used. Obtained results are
in Table 2.
Mechanical properties — tensile strength and
elongation at break were measured at
INSTRON 3343 where clamping length and
deformation rate were 25 cm, and 500
mm/min. Obtained values of linear density,
Tq, tensile strength, TS, elongation at break,
E, Young modulus, YM, and coefficients of
variance, CV, are gathered in Tables 3-5.

Fibre-forming polymers

3. RESULTS AND DISCUSSION

According to [12] and Table 1 the apparent
melt viscosities of blend melts are not
basically lower in comparison with apparent
melt viscosity of mPP so from this point of
view. The preparation of blend melts is
standard. It seems that lower molar weight of
copolyamide A does not bring difficulties
probably because it is compensate with
higher melting temperature and higher
viscosity of its melt at the processing
temperature. Different chemical characters
and incompatibility of mPP (hydrophobic
polymer) and copolyamide A (having
hydrophilic groups) brings about impossibility
of spinning blends containing only these two
polymers. The other aspect is the fact that
copolyamide A with its amino groups

and compatibilizer L with its anhydride
groups react together and form
macromolecules with  higher molecular

weight, compatible with macromolecules of
mPP and form the network increasing the
apparent viscosity of these melts.
Compatibilizer L plays an important role in
the modification of mPP fibres because it
was not possible to prepare mPP fibres
modified without compatibilizer L even with
the lowest amount of alone copolyamide i.e.
with 4 wt.% A. Only addition of compatibilizer
L enables to prepare mPP fibres modified
with copolyamide A. Higher amount of
compatibilizer L improves the drawing of
modified fibres and they can be drawn to
higher drawing ratio A3=4.8.

Values of fibers” orientation factor f show that
in modified mPP fibres three factors play an
important role. One of them is the drawing
ratio and the other two are the amount of

additives, i.e. copolyamide A and
compatibilizer L.
Table 1 Apparent viscosity of blend melts
S t nap S t rlap S t nap
ystem [Pa.s] ystem [Pa.s] ystem [Pa.s]
mPP 2752 | mPP 2752 | mPP 2752
mPP+4% A 2634 | mPP+8% A 2432 | mPP+12% A 2202
mPP+4% L 2700 | mPP+8% L 2357 | mPP+12% L 2267
mPP+4% A+2% L 2775 | mPP+8% A+4% L 2462 | mPP+12% A+6% L 2237
mPP+4% A+4% L 2527 | mPP+8% A+8% L 2221 | mPP+12% A+12% L 1846
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There are many aspects influencing
orientation of components of macromolecular
system during spinning and drawing. Besides
the glass, spinning and drawing
temperatures they are molecular weight and
flexibility = of  macromolecules of all
components, mobility of their segments,
melting temperature and viscosity of melt
components and especially viscosity of blend
melt at spinning temperature.

Compatibilizer L is isotactic polypropylene
with lower molecular weight grafted with
maleine anhydride and copolyamide A has
about half intrinsic viscosity in comparison
with commercial PA 6 intrinsic viscosity so
they both could act mainly as plasticizers and
lower the blend melt viscosity. Lower molar
weight of additives wusually negatively
influences mechanical properties of modified
fibres, mainly tensile strength.

From Table 2 follows that compatibilizer L
plays an important role in modification of
mPP with copolyamide because without
compatibilizer it was not possible to spun
even fibres with the lowest amount of
copolyamide, i.e. 4 wt.%. Elasticity of blend
melt under the spinneret nozzle was so low
that fibres prepared at minimal speed of
spinning godet have broken immediately.

In blends containing all three components
the intermolecular bonds are formed among
them, the ,apparent” molecular weight of this
,System” increases and mainly at lower
drawing ratios these structures could
.hamper® more than ,help“ in orientation of
the fibre system. Values of orientation factor f
(Table 2) show that in modified mPP fibres
two aspects are important: drawing ratio A

and amount of copolyamide and
compatibilizer.
Additives A i.e  copolyamide and

compatibilizer L decrease or only slightly
improve fibers” orientation factor at lower
drawing ratios A1=3 and A,=4 what means
that the arrangement of  system’
macromolecules along the longitudinal axis is
not positively (or only a little) influenced. It
seems that at A1 = 3 it validates for both sets
— firstly for fibres with amount of
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compatibilizer Lequals to half of
copolyamide A amount and secondly for
fibres containing copolyamide and
compatibilizer in the same amount as well. At
A2=4 the lowest and equal concentrations of
both additives (4 wt.% A + 4 wt% L) act
indifferently, higher concentrations (8 wt.% A
+8wt.% L and 12 wt.% A + 12 wt.% L brings
about the increase of orientation factor,
mainly at 12 + 12 wt% probably as
a consequence of higher amount of
compatibilizer L. This influence confirms the
fact that mPP fibre modified with lower
amount of L were not be able to draw to the
highest drawing ratio A3=4.8. At the drawing
ratio A3=4.8 the orientation factor
permanently grows with the amount of A and
L (Table 3).

It is possible to consider that viscosity of
copolyamide A melt (with melting
temperature192°C) is low at spinning
temperature T5=210°C and its dispergation in
the matrix of mPP is low as well mainly at
lower amount of compatibilizer L in the
system and during spinning the straight fibrils
in the blend system are not formed.

Table 2 Composition of modified mPP fibres

No of Set Composition of fibres [wt.%]

sample mPP A L

1 100 0 0

0

2 96 4

not spun

3 1| o2 | 8 0
not spun

4 88 | 12 0
not spun

5 96 0 4

6 Il 92 0 8

7 88 0 12

8 94 4 2

9 ] 88 8 4

10 82 12 6

11 92 4 4

12 v 84 8 8

13 76 12 12

Mechanical properties correspond with

evaluation of role of compatibilizer L and
orientation factor f. At the lowest drawing
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ratio A=3 modified mPP fibres tensile
strength and Young modulus of both sets
(with half and full amount of compatibilizer L)
are lower in comparison with non modified
mPP fibres. At A,=4 mPP fibres modified with
half amount of compatibilizer have tensile
strength lower but these modified with the
same amount of copolyamide A and
compatibilizer L and higher total amount of
both additives A and L (equals to 8 wt.% A +
8 wt.% L and 12 wt.% A + 12 wt.% L) have
tensile strength nearly the same as for non
modified mPP fibres. Values of Young

Fibre-forming polymers

modulus are higher than for non modified
mPP fibres in both cases. At A;=4.8 the
evaluation of mechanical properties shows
that tensile strength is practically the same
for mPP fibres modified with 4 wt.% A + 4
wt.% L and 8 wt.% A + 8 wt.% L and nearly
the same as for non modified mPP fibres.
Tensile strength of mPP fibres modified with
the highest amount of both additives i.e. 12
wt.% A + 12 wt.% L is higher than this for
non modified mPP fibres.

Table 3 Orientation factor, f, of metallocene PP fibres modified with copolyamide A (ca) and Licomont

L (c)
Amount of additives
[wt.%] A=3 =4 1=4.8

mPP cA+cL

100 0+0 0.49 0.56 0.61
94 4+2 0.40 0.50 -
88 8+4 0.44 0.54 -
82 12+6 0.40 0.53 -
92 4+4 0.31 0.56 0.64
84 8+8 0.41 0.57 0.68
76 12+ 12 0.47 0.64 0.70

Table 4 Mechanical properties: linear density, Tq, tensile strength, TS, elongation at break, E, Young
modulus, YM and their coefficients of variance of mPP fibres modified with copolyamide A (ca) and

compatibilizer L (c.), A1=3

Amount of addit. Tq CVrq TS CVrs | E | CVe YM CVym

[Wt.%] [dtex] [%] [cN.dtex™] [%] %] | [%] [cN.dtex™] [%]
mPP 330 13 1.63 15 109 | 23 22 10
4+2 350 14 1.56 10 121 20 20 10
8+4 378 8 1.47 10 110 | 20 19.3 7
12+6 359 8 1.44 13 117 | 14 20.8 9
4+4 334 8 1.61 15 108 | 14 20.8 8
8+8 359 9 1.61 8 130 | 12 20.2 9

12 +12 356 10 1.52 13 102 | 19 21.6 12

Table 5 Mechanical properties: linear density, Ty, tensile strength, TS, elongation at break, E, Young
modulus, YM and their coefficients of variance of mPP fibres modified with copolyamide A (cp)

and compatibilizer L (c.), A,.=4

Amount of addit. Ta CVrq TS cvis | E | cve Y™ CVym
Wt.%] [dtex] [%] [cN.dtex] [%] [%] | [%] [cN.dtex] [%]
mPP 257 14 2.58 7 84 21 27.9 4
4+2 263 9 2.28 12 84 14 26.3 9
8+4 273 19 2.34 11 74 23 28.9 10
12+6 253 10 2.39 10 89 11 29.4 11
4+4 265 8 2.25 8 84 19 29.2 11
8+8 258 9 2.54 9 78 8 33.1 7
12+12 260 7 2.55 11 61 22 31.0 9
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Table 6 Mechanical properties: linear density, Td, tensile strength, TS, elongation at break, E, Young
modulus, YM and their coefficients of variance of mPP fibres modified with copolyamide A (ca)

and compatibilizer L (c.), A;=4.8

Amount of addit.

CA 4 cl T4 CVrq TS | CVis | E | CV YM | CVyy
Wt %] [dtex] [%] | [cN.dtex™] | [%] | [%] | [%] | [cN.dtex™] [%]
mPP 226 7 3.21 14 | 21 | 19 35.1 11
4+4 225 12 3.19 9 21 | 17 38.1 10
8+8 220 8 3.21 8 21 | 13 393 10

12+ 12 204 10 3.41 13 19 | 15 40.7 11

Values of Young modulus of such modified
mPP fibres are always higher compared with
non modified mPP fibres. Mechanical
properties exhibit the same tendency, prove
the arguments following from values of
orientation factor and justify believe that the
compatibilizer has positive influence on
mechanical properties. Moreover if we
realize the fact that at the highest amounts of
additives i.e.12 wt.% A + 12 wt.% L nearly
the fourth part of matrix polymer with high
molar weight is replaced by additives with
basically lower molar weight.

4. CONCLUSION

- Apparent melt viscosities of blends are
negatively influenced with copolyamide
A and positively influenced with
compatibilizer L

- mPP fibres modified with the only
copolyamide A (set number |) are not
spinnable

- The highest drawing ratio A3=4.8 was
reached only for mPP fibres modified
with the higher amount of compatibilizer
L

- Orientation factor has lower values at
A=3.0 for all mPP fibres modified with
both additives. At A;=4.0 fibres with
lower amount of compatibilizer have
lower orientation factor but these with
higher amount of compatibilizer have
higher orientation factor. At A;=4.8
prepared mPP modified fibres have
basically higher orientation factor. So the
higher amount of compatibilizer and the
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higher drawing ratio positively influence
orientation factor of modified mPP fibres.

- Tensile strength of modified mPP fibres
are:
lower at A=3.0 and A,=4.0 for all
modified mPP fibres,
practically equal or higher for all mPP
modified fibres at A3=4.8 and for mPP
fibres modified with (8+8) and (12+12)
wt.% of additives at A,=4.0

what proves the effectivity of higher amount

of compatibilizer. In the investigated interval

the higher is the amount of both additives the
better is tensile strength of modified mPP
fibres.

- Young modulus are a little lower for all
mPP modified fibres with A4=3.0. At
A>=4.0 Young modulus is higher and
mPP  fibres with A3=4.8 exhibits
essentially higher Young modulus

- Elongation at break is not basically
influenced.
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Abstract: Modification of textiles for achieving multifunctional materials is one of the guidance for
future textile development in Europe. As highly hydrophobic synthetic material, polyester fabric
from poly(ethylene-terephthalate) (PET), is not comfortable. Surface modifications such are
aminolysis and alkaline hydrolysis result in better comfort and other fabric properties, but
unfortunately, produce huge amounts of textile wastewater. Therefore, textile wet processes
assisted by ultrasound and natural zeolite are researched. The main chemical effect of ultrasound
is free radicals formation, which react with each other to form new molecules and radicals, or
diffuse into surrounding and serve as oxidants. On the other hand, natural zeolites increase the
active surface area, leading to better adsorption, and contribute to antimicrobial, UV, heat, flame
and radioactive protection. In this paper, for better durability than achieved by thermosol procedure
it was implemented on polyester fabric by high frequency ultrasound.

Keywords: Polyester fabric, PET, high frequency ultrasound, natural zeolite.

1. INTRODUCTION

Modification of textiles for achieving
multifunctional materials is one of the
guidance for future textile development in
Europe. As highly hydrophobic synthetic
material, polyester fabric from poly(ethylene-
terephthalate), is not comfortable. Therefore,
surface modifications such are hydrolysis
and aminolysis are necessary for better

comfort and other properties. Alkaline
hydrolyses of polyester fabric causes
modification to the surface of the

hydrophobic fibers from which the fabric is
woven, which can improve comfort and other
fabric properties [1-4]. It was the most
common method of producing silk like
polyester until appearance of new generation
of polyester fabrics, which contains micro
fibers, which have fineness under 1.0 dtex,
the bulk and surface area of the normal
fibers yarn. Produced textile fabrics are
consequently softer and drape better than
those made with standard yarn. However,
micro fibers contain more oligomers and
cause more unlevelness problems. One of
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the ways to solve this problem is new
treatment using ethylenediamine (EDA).
Ester-amine interchange reactions have also
been researched and surface amine
functionality results when diamines are used
[5-7]. The use of EDA for short time in
ambient conditions results in creation of both
amine and carboxylic acid functional groups
on the polyester fiber surface, not only
carboxylic acid functional groups as in
alkaline hydrolysis. The presence of two
functional groups provides possibility for
better finishing effects. Unfortunately, these
conventional modifications (hydrolysis,
aminolysis) produce huge amounts of textile
wastewater [1-7].

The increasing demand for conservation of
natural resources and environmental
protection has forced researches to find
alternatives to current technologies in order
to reduce water consumption, increase
energy efficiency and cut emissions of
hazardous chemicals. Currently, textile wet
processes assisted by ultrasound are of high
interest for the textile industry [8]. Ultrasound
assisted reactions involve several chemical
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and physical effects arising from interactions
between ultrasound and water medium. The
main chemical effect of ultrasound is free
radicals formation, which either react with
each other to form new molecules and
radicals, or diffuse into surrounding and
serve as oxidants [9].

In recent papers Grancaric et al. [7, 10-14]
have shown that the surface modification of
textles by natural =zeolite (clinoptilolite)
increases the active surface area. If added to
azalides in textile finishing, increases the
efficiency of antimicrobial action. Zeolite
gives a contribution to protection from UV,
heat and flame as well as radioactivity. In this
paper, for better durability than achieved by
thermosol procedure it was implemented on
polyester fabric by ultrasound.

2. MATERIAL AND METHODS

Polyester fabric used in the present work
was poly (ethylene-terephthalate), PET for
summer cloth. It is satin woven fabric,
previously heat set, with 60 g/m? weight. The
satin PET fabric was woven of textured
multiflament yarns (50 dtex, 16f) in warp and
weft directions. Yarn is consisted of
delustered fibers with trilobal cross section in
warp and circular cross section in weft.

Since the ultrasound effects change with
different frequency and power it was
modified by ultrasound (US) changing the
power of ultrasound (P=30 W, 100 W, 140
W) on laboratory high frequency ultrasound
equipment (Figure 1).

Activated natural zeolite (Z) is clinoptilolite
particles made by tribomechanical activation
on the patented instrument manufactured by
Tribomin d.o.o. Osijek. The origin of
clinoptilolite used in this paper is Konica,
Slovakia. By X-ray diffractometry it was
found that the sample consists of about 80%
clinoptilolite and the rest are clay minerals
montmorillonite and mordenite. Moisture
content was investigated by heating to 105°C
the detected amount was maximum 6 wt.%
[15]. Composition and physical chemical
properties according to the analysis of
ISEGA Forschungs- und
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Untersuchungesellschaft mbH,
Aschaffenburg, German are given in Table 1

[7].

Figure 1 High frequency ultrasound equipment
(University of Maribor)

The natural zeolite nanoparticles were
implemented in ultrasound bath at frequency
of 280 kHz, temperature of 25°C for 1 h in
distilled water without and with addition of
activated natural zeolite nanoparticles (Z).
The characterization of surface and chemical
composition of such treated polyester fabrics
was performed applying instrumental
methods - scanning electron microscopy
(SEM) on FEI Quanta 200 Scanning Electron
Microscope with magnification 2500x and
Fourier Transform Infrared - Attenuated Total
Reflectance (FTIR-ATR) spectroscopy on
Spectrum GX FT-IR (Perkin-Elmer).

The adsorption ability of optical brightener
(OB) Uvitex ERN-P (Ciba) was determined
through fabric whiteness (Wce) according to

ISO 105-J02:1997 using remission
spectrophotometer SF 600 PLUS CT
(Datacolor) after treatment in optimal

concentration of 0.5% owf in stainless-steel
bowls (Linitest, Original-Hanau) for 30 min at
120°C.
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Table 1 Composition and physico-chemical
properties of activated natural zeolite analysed

by ISEGA Forschungs- und
Untersuchungsgesellschaft GmbH,
Aschaffenburg, Germany [7]
Chemical composition
Component %
SiO, 65.0-71.3
AlLO; 11.5-13.1
Ca0O 2.7-5.2
K>O 2.2-34
Fe,O; 0.7-1.9
MgO 0.6-1.2
Na,O 0.2-1.3
TiO, 0.1-0.3
Si/Al rate 4.8-5.4
Empirical formula
(Ca,Kz,Naz,Mg),AlgSiynOgs x 24H,0
Physical properties
Specific mass 2.2-25 gem?
Porosity 32-40 %
Effective pore diameter 0.4 nm
lon-exchanging capacity mol kg™
Total 1.2-1.5
ca” 0.64-0.98
Mg 0.06-0.19
K 0.22-0.45
Na* 0.01-0.19

lon-exchanging selectivity for selected ions
Cs>NH,">Pb**>K*>Na">Mg**>Ba**>Cu®*>Zn**
Absorbency

NHj3, hydrocarbons C, - C4, CO,, H,S, SO,,
NO,, aldehydes

Toxicity

Nontoxic according to US Code of Federal
Regulations
(21 CFR 82, Subpart C)

The fabric UV protection was determined

according to AS/NZS 4399:1996 Sun
protective clothing - Evaluation and
Vlakna a textil (3) 2010 12
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classification using Varian Cary 50
Spectrophotometer. The ultraviolet protection
factor (UPF), which indicates the ability of
body protection by textile materials to
prevent eritem, was calculated according to

eq. (1):

fﬁxzydzyAz
= A=280 ( 1 )

D E(A)-T(A)-&(A)-A4

A=280

UPF =

where E(4) is Solar radiation [W m? nm™]; 1) is
relative erythemal spectral effectiveness; T(1) is
spectrum permeability at wavelength A and A1 is
measured wavelength interval [nm].

3. RESULTS AND DISCUSSION

In this paper the influence of ultrasound
power to surface functionalization of
polyester fabric was investigated. After the
ultrasound treatment with and without natural
zeolite addition, the characterization of
surface and chemical composition of such
treated polyester fabrics was performed
applying instrumental methods - scanning
electron microscopy (SEM) (Figure 1) and
FTIR-ATR spectroscopy (Figure 2).

From SEM micrographs shown in Figure 2 it
is evident that ultrasound treatment cleared
impurities from the surface of PET fabric
(Figure 2c). Other significant changes are not
noticeable. The difference between the
nanoparticles implemented by ultrasound
(Figure 2d) and by thermosol procedure
(Figure 2b) is clearly visible. Natural zeolite
nanoparticles implemented by thermosol
generally remain on the fabric surface, while
a good part of nanoparticles assisted by
ultrasound penetrates in the pores of the
fibers and are not visible on the surface any
more.



Textilné materialy

Textile Materials

Figure 2 SEM micrographs of PET fiber with magnification 2500x
a. untreated fabric (PET) b. zeolite treated fabric (PET Z) c. ultrasound modified fabric (PET US) and
d. ultrasound modified fabric with the zeolite addition (PET Z US)

From IR spectrums taken by Fourier
Transform Infrared - Attenuated Total
Reflectance  Spectroscopy  (FTIR-ATR)

presented in Figure 3 it is evident that the
significant change (detectable by IR) in
chemical composition during the modification
did not occur because all spectrum peaks
are in the same position. On the other hand,
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it is evident that the transmission of IR
spectra is significantly changed in ultrasound
treatment with as well as without zeolite
implementation. The ultrasound treatment
resulted in lower IR radiation transmission.
Applying higher ultrasound power the effects
are more pronounced.
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Figure 3 Fourier Transform Infrared - Attenuated Total Reflectance (FTIR-ATR) of PET fabric,
a. untreated fabric and ultrasound treated applying power 30-100-140 W; b. zeolite treated fabric and
ultrasound implemented zeolita applying power 30-100-140 W

Due to the extreme crystallinity polyester
fibers, PET fabric absorbs small amounts of
water, as well as other textile auxiliaries,
such are optical brighteners, dyestuff etc.
Therefore, the made garment of untreated
fabric is uncomfortable. For this reason, the
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influence of ultrasound modification to
adsorption ability was researched. The
adsorption ability of optical brightener Uvitex
ERN-P (Ciba) determined through fabric
whiteness (Wcig) is presented in Figure 4.
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Figure 4 Absorption of optical brightener (OB) expressed through CIE whiteness (W¢ge) of PET

fabrics

It is evident from Figure 4 that ultrasound
treatment positively affects the whiteness of
PET fabrics. The release of free radicals due
to the effects of ultrasound causes a clean
surface as indicated by the SEM micrograph
(Figure 2c) increasing the basic fabric
whiteness. In Figure 4 is an apparent
significant increase in the adsorption of
optical brighteners (degree of whiteness
increased with 121 on the 139). The
ultrasonic treatment leads to functionality of
the surface which allows better adsorption.
The ultrasound power emphasis these
effects.

On the other hand, natural zeolite
nanoparticles increase the surface area, and
implementation onto PET fabric by
ultrasound, increases adsorption ability. It
should be noted that the implementation of
zeolite nanoparticles by ultrasound resulted
in remarkable adsorption of the optical
brighteners in which it achieves a high
degree of whiteness of the 156.

The fabric UV protection ability determined
according to AS/NZS 4399:1996 expressed
as ultraviolet protection factor (UPF) is
presented in Figure 5.

L
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PET 280-100 é

—

PET 280-30 é
PET

[@PET/US + Z+ OB
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BPET/US +Z
OPET/US

0 10 20

30 40 50
Mean UPF

Figure 5 UV protection expressed through mean UPF of PET fabrics after ultrasound treatment and

optical brightening
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UPF values indicate how much longer the
person can stay in the sun with the fabric
covering the skin as compared with the
uncovered skin to obtain same erythemal
response. Based on its aromatic backbone
polyester fiber can absorb certain amounts of
UV radiation, nevertheless the untreated
fabric yields comparably low UV protection.
Additionally, certain amounts of UV radiation
are reflected by polyester multifilament. As a
result the untreated PET fabric achieves a
mean UPF value of 9.6 which it is not
rateable for UV protection. Ultrasound
treatment leads to cleaning of PET fabric, as
well as fabric shrinkage what results in
slightly higher UPF, which still do not achieve
UV protection, but improve fabric aesthetic
appearance. From Figure 5 it can be seen
that the highest power leads to better UV
protection.

By absorbing UV-A radiation optical
bleached polyester fabrics transform this
radiation to blue fluorescence not
transmitting this range of radiation what
leads to very good UV protection and
expected high degree of whiteness, as well.
Since the surface of PET fabric was
activated by ultrasound it can absorb higher
amount of optical brightener (FWA). It is
evident that the higher ultrasound power in
modification applied, the higher adsorption of
optical brightener is; what results in very
good UV protection.

Nanoparticles of activated natural zeolite on
fabric surface scatter UV radiation resulting
in higher UV protection. Increasing active
surface area of fabric by zeolite
implementation it absorbs higher amounts of
FWAs. It is to point out that treatment with
natural zeolite and UV absorber results in
excellent UV  protection.  Additionally,
ultrasound treatment, FWAs and zeolite
shown synergism resulting in even higher UV
protection. It is to point out that the UPF
value increase with higher ultrasound power
applied for PET fabric modification.
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4. CONCLUSIONS

Modifications of poly(ethylene-terephthalate)
fabric by ultrasound and nanoparticles of
natural zeolite change the fabric surface
properties. The change in chemical
composition did not occur but it led to PET
fabric functionalization.

The implementation of zeolite to polyester
fabric is higher if the higher ultrasound power
is applied. Therefore the fabric whiteness is

slightly lower, but sorption of optical
brightener is significantly higher what
improves fabric aesthetic appearance

yielding a better absorption of the surfaces in
wet finishing and make these fabrics more
comfortable.

Optical brightening of polyester fabric is
necessary to achieve fabric whiteness as
well as UV protection. Natural zeolite
scatters the UV-R resulting in lower UV-A
and UV-B transmission, increasing UV
protection  significantly, regardless the
applying method.

Acknowledgement to Ministry of Science, Education
and Sport of the Republic of the Croatia and
Slovenian Research Agency for financial support of
the bilateral project "Ultrasound Modified Textiles for
Multifunctional Protection”
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Datum konania: 19.-20.05.2010
Miesto konania:

Organizator konferencie:

Pri  prileZitosti 40. vyroCia zaloZenia
Vyskumneého  ustavu  textilnej  chémie
usporiadala spolo¢nost VUTCH-

CHEMITEX, spol. s r.o., Zilina v diioch 19.-
20.5.2010 v Ziline néarodntd odbornd
konferenciu "TEXTIL v buducnosti", ktorej sa
zucastnilo 70 odbornikov zo Slovenskej
republiky a Ceskej republiky.

Narodna konferencia bola rozdelena do
dvoch odborne zameranych tematickych
celkov "Vyskum, vyvoj a inovacie, technika a
technolégie v textile" a "SkuSanie a
certifikacia textilu a odevov", v ramci ktorych
odznelo 17 odbornych prednasok.
Konferencia bola wuréena pre vymenu
informacii medzi odbornikmi z oblasti
vyskumu, vyvoja a inovacii, skuSobnictva a
certifikacie, technickej pripravy vyroby textilii
a ich konfekéného spracovania, obchodnych
firiem a institucii pésobiacich v oblasti vyroby
textilu, textiiného zoSlachtovania, ekoldgie,
ochrany spotrebitela a riadenia kvality
textiinej a odevnej vyroby, €o potvrdila aj
bohata diskusia vedena ucastnikmi
konferencie.

Pri prilezitosti oslav 40. vyroCia zaloZenia
Vyskumného Ustavu textilnej chémie v Ziline
sa dna 19.05.2010 konal v priestoroch hotela
Holiday Inn spoloCensky vecer, ktorého sa
zucCastnilo 130 ucastnikov. SpoloCenského
veCera sa okrem ucCastnikov konferencie
zucCastnili aj pozvani hostia, medzi ktorymi
bol aj zakladatel Vyskumného ustavu
textilnej chémie v Ziline Ing. Stefan Massanyi
a prof. Ing. Martin Jambrich, PhD., ktory

podporoval mysSlienku zaloZenia Ustavu,
zastupcovia Statnych organov, zvazov,
Vlakna a textil (3) 2010 18

Hotel Holidy Inn Zilina )
VUTCH-CHEMITEX, spol. s r.o. Zilina

asociacii a partnerskych spolupracujucich
organizacii, su€asni a byvali zamestnanci
spolo¢nosti.

V ramci slavnostného prihovoru riaditef
VUTCH-CHEMITEX, spol. s r.o., Zilina Ing.
Jozef Sestak, CSc. podakoval zakladatelovi
Vyskumného Ustavu textilnej chémie v Ziline
Ing. Massanyimu a prof. Jambrichovi, ako aj
dlhoro€nym  zamestnancom  spolocnosti
VUTCH-CHEMITEX, spol. s r.o. za vernost a
doposial vykonanu pracu.

SpoloCensky vecler pokracoval prihovorom
zastupcov  spolupracujucich  organizacii:
riaditeflky APVV Mgr. Remiariovej PhD.,
viceprezidenta  Prezidia ZPVVO Ing.
Fodreka, PhD., riaditela odboru
skuSobnictva a technickej normalizacie
UNMS SR Mgr. Senéaka, riaditela SOPK RK
Ing. MiSuru a predsedu predstavenstva
SOPK Ing. Halusku.

Za zasluhy o rozvoj slovenskej ekonomiky a
podnikania odovzdali zastupcovia SOPK
Cestné  uznanie riaditelovi  VUTCH-
CHEMITEX, spol. s r.o. Zilina Ing. Jozefovi
Sestakovi, Sc..
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Kulturny program spoloCenského vecera
tvorila médna prehliadka damskej konfekcie
znaCky Jillo od mddnej navrharky Jany
Rychtarikovej a cely veCer zabavala
ucastnikov ludova hudba skupiny Stavbar a
moderna hudba v podani skupiny Harmonia.
Ugastnici konferencie podakovali
organizatorovi VUTCH-CHEMITEX, spol. s
r.o., Zilina za usporiadanie narodnej odbornej

Vlakna a textil (3) 2010 19

News from Departments

konferencie "TEXTIL v buducnosti", moznost
prezentacie vlastnych vysledkov a vyslovili

spokojnost s  odbornou  uUroviiou a
tematickym zameranim konferencie.
Spolocensky vecer bol vhodnou prilezitostou
pre priatel[ské posedenie, prehibenie

partnerskych vztahov a dalSie neformalne
diskusie ucastnikov.
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Abstract: New processes of photochemical and physical modification of polymeric surfaces are
being developed in connection with requirement of ecologically friendly and highly efficient
processes of textile surface finishes. One of the most suitable methods for ,physical“ surface
activation of textile material meeting strict present environmental requirements seems to be surface
plasma activation of textile materials. Surface transformation of textile materials on nanometric
level takes place on plasma activation. It can be advantageous mainly if polarity of the polymeric
material is to be increased in order to improve adhesion on surface finishes and/or dyeing.

An innovative technological process integrating low-temperature plasma generated by DCSBD
(Diffuse Coplanar Surface Barrier Discharge) enables to apply new dyeing processes aimed at
enhancement of dyestuff affinity to the dyed textile material acceptable from environmental
viewpoint. Low-temperature processes carried out under atmospheric pressure enable continuous
production by integration of progressive technologies into a conventional technological textile
manufacturing process without any adverse influence on its rate and productivity.

We would like to call attention on influence of low-temperature plasma under atmospheric pressure
on dyeability and colour fastness of natural textile materials in our paper.

Conceptional solution of the equipment ZUP 400 for continuous textile finishing using low-
temperature plasma under atmospheric pressure included into a continuous pilot finishing line
installed in the company VUTCH-CHEMITEX, spol. s r.o. will be presented as well. Positioning of
the equipment ZUP 400 for textile finishing using low-temperature plasma under atmospheric
pressure preserves previous scope of technological applications of the finishing equipment but at
the same it enables continuous switch over to textile finishing using low-temperature plasma under
atmospheric pressure and subsequent after treatment of the material e.g. chemical finish.

INTRODUCTION
of textile materials.
industry is

performance characteristics and appearance

Wet finishing processes using a lot of water

considerably shaken by the depression
already for some time and it must compete
permanently mainly with import of products
from the third countries similarly as textile
and clothing industry in other EU countries.
The most important factor influencing further
existence of this sector is a consistent
innovative process.

The innovations must focuse in the frame of
technological textile finishing process also on
processes where chemical treatments, e.g.
applications of sizes and pigments, dyeing
and finishing, are carried out to increase
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and chemical agents of various nature are
applied the most frequently at present to
finish surface of textile materials.

Hazardous substances can leak into waste
waters and atmosphere mainly on textile
dyeing and this way ecosystem can be
polluted and endangered.

In our presentation we shall point out results
obtained on research of  applied
technological processes of dyeing and
functionalization of textile materials using
innovative progressive technologies including
application of low-temperature plasma under
atmospheric pressure aimed at:
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- increasing of affinity of a dyestuff to a
textile material,

- increasing yield of dyestuff on the dyed
textile material,

- minimization of environment load.

2. INFORMATION

2.1What is plasma?

Plasma is a highly reactive environment
consisting of electrons, radicals, positively
and negatively charged ions, excited atoms
and molecules and  electromagnetic
radiation. Plasma can be used for surface
activation where it results in incorporation of
two types of reactive places i.e. radicals and
functional groups, composition of which
depends on the used gas. An important task
on surface functionalization plays selection of
gas which determines primarily which
process will be a dominant one.

Chemically inert plasma arises on ionisation
of noble gases such as He, Ne, Ar. This
plasma is used for cleaning, spraying or
cross-linking of the surfaces. Chemically
active plasma arises when gases such
as Oy, CO,, air, Ny etc. are used. It is
possible to introduce functional groups on
polymeric surfaces by means of plasma
according to specific requirements.

A very thin surface layer of a polymeric
material up to 10 nm is modified this way.
This method of functionalization of polymeric
surfaces is used mainly if polarity of an
originally hydrophobic polymer is to be
increased so that adhesion on dyeing of the
materials and surface treatments could be
improved.

It was demonstrated on testing stability of
such asurface functionalization that a
polymeric  surface  with incorporated
functional groups is a highly dynamic system
interacting with its surroundings and polar
functional groups undergo a transition to a
thermodynamically more stable state.

In the last two years a number of papers
were published describing application of
plasma generated under low pressures

of 10°-10° Pa using expensive vacuum
equipment. Continuous processing of the
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materials is not possible with such a device,
therefore application of such aplasma in
textile industry is out of question.

2.2Low-temperature plasma under
atmospheric pressure
Low-temperature plasma under atmospheric
pressure was developed for application of
plasma in textile industry which enables in-
line application of plasma on surface of
a textile material.
Low-temperature plasma is a partly ionized
gas containing activated particles including
excited gas molecules, ions, electrons, free
radicals and photons in the ultraviolet region.
The biggest advantages of using low-
temperature plasma in comparison with other
.physical® methods of activation of textile
surface are low costs, high speed of the
process and efficiency up to the depth of
about 10 nm. Plasma action on nanometric
level on textile surface allows to create quite
anew class of innovative textile materials
showing excellent properties in the form of
thin layers and besides preserving basic
properties of the material.

3 CONDITIONS OF PLASMA
ACTIVATION OF POLYMERIC
SURFACE

3.1 Application of low-temperature
plasma under atmospheric pressure
ZUP 200 laboratory equipment was used to
study influence of plasma on affinity of
a dyestuff to a textile substrate in the process
of plasma application (see Figure 1). ZUP
200 is an application output of the project
APVT-20-P-01505 ,Prototype device for
continuous plasma activation of narrow strips
of thin textiles” (solved by: Physical Institute,
Faculty of mathematics, Physics and
Informatics of Commenius University,
Bratislava; VUTCH-CHEMITEX, Ltd., Zilina).
Manufacturer of the prototype device ZUP
200 is company VUTCH-CHEMITEX, Ltd.,
Zilina. The equipment is designed for textile
surface treatment on the basis of DCSBD
(Diffuse Coplanar Surface Barrier Discharge)



Z vedecko-vyskumnych a vyvojovych pracovisk

protected by an international
application.

A unique feature of the plasma source based
on DCSBD is a possibility of generating
homogeneous plasma under atmospheric
pressure with virtually any working gas
composition without usage of expensive inert
gases such as He and Ar.

This allows an in-line plasma application for
surface modification of common textile

materials for a very favourable price.

patent

ZUP 200

Figure 1 ZUP 200 Laboratory equipment for
Application of low-temperature plasma under
atmospheric pressure

3.2 Plasma activation of polymeric

surface

Conditions of plasma application:

- equipment used for application of low-
temperature plasma under atmospheric
pressure: ZUP 200 laboratory device

- time of plasma surface activation: 3 s

- time of plasma ageing (time from
application of low-temperature plasma
under atmospheric pressure on textile
surface up to textile dyeing process): 7
min, 10 min, 15 min, 20 min, 30 min, 60
min

- textile material used: 100% cotton woven
fabric, unbleached

4 TEXTILE DYEING AFTER PLASMA
ACTIVATION

Samples of a bleached cotton fabric were

treated with low-temperature plasma under
atmospheric pressure and then exhaust dyed
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in various times of plasma ageing in the
frame of study of influence of low-
temperature plasma on affinity of a dyestuff
to a textile material. The dyeing bath
contained 2% of Bezaktiv Rot and/or
Bezaktiv Blau reactive dyestuff.

Ahiba AG CH 4127 dyeing apparatus was
used for dyeing. The samples were washed
in clean water and dried under room
temperature after dyeing.

5 INFLUENCE OF LOW-TEMPERATURE
PLASMA ON AFFINITY OF DYESTUFF
TO A TEXTILE MATERIAL

The dyed textile materials were tested in
accordance with STN EN ISO 105-J01: 2001
»1extiles. Tests for colour fastness. Part JO1:
General principles of measurement of
surface colour” in order to evaluate influence
of time of plasma ageing (time from
application of low-temperature plasma under
atmospheric pressure on a textile surface up
to dyeing process) on quantity of dyestuff
exhausted from the dyeing bath. Parameters
evaluated were as follows:

- trichromatic coordinates L*,a* b*

overall colour difference A E which is
a measure for visually percepted overall
difference  (colour difference  between
a sample and a standard).

Figure 2 Plasma treatment of a woven fabric
made of 100 % cotton.
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Figure 3 Representation of influence of various ageing time of plasma activated surface — results of
measurments of cotton dyed samples (Bezaktiv Rot) without reductive dyeing and with reductive

dyeing.
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O Without reductive washing B With reductive washing

Figure 4 Representation of influence of various ageing time of plasma activated surface — results of
measurments of cotton dyed samples (Bezaktiv Blau) without reductive dyeing and with reductive

dyeing.

The dyed textile materials were tested in
accordance with STN EN ISO 105-X12: 2003
»lextiles. Tests for colour fastness. Part X12:
Colour fastness to rubbing“ in order to
evaluate influence of time of plasma ageing
(time from application of low-temperature
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plasma under atmospheric pressure on
a textile surface up to dyeing process) on
colour fastness of the textile material.
Evaluated properties were as follows:

- colour fastness to dry rubbing

- colour fastness to wet rubbing
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nn

Decrease of activation of plasma treated surface in time
(min)
Colour fastness to dry rubbing (grey scale rating)

Grey scale rating

M Colour fastness to wet rubbing (grey scale rating)
Figure 5 Representation of influence of various ageing time of plasma activated surface — results of

determination of colour fastness to dry and wet rubbing of dyed cotton samples (Bezaktiv Rot)
without reductive washing.

LEERLL]

Decrease of activation of plasma treated surface in time
(min)

Grey scale rating

Colour fastness to dry rubbing (grey scale rating)

W Colour fastness to wet rubbing (grey scale rating)

Figure 6 Representation of influence of various ageing time of plasma activated surface — results of
determination of colour fastness to dry and wet rubbing of dyed cotton samples (Bezaktiv Rot) with
reductive washing.
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Grey scale rating
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Decrease of activation of plasma treated surface in time
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[ Colour fastness to dry rubbing (grey scale rating)

M Colour fastness to wet rubbing (grey scale rating)

Figure 7 Representation of influence of various ageing time of plasma activated surface — results of
determination of colour fastness to dry and wet rubbing of dyed cotton samples (Bezaktiv Blau)
without reductive washing.
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Decrease of activation of plasma treated surface in time
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B Colour fastness to wetrubbing (grey scale rating)
Figure 8 Representation of influence of various ageing time of plasma activated surface — results of

determination of colour fastness to dry and wet rubbing of dyed cotton samples (Bezaktiv Blau) with
reductive washing.
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CONCLUSION

Overall colour difference of the dyed
samples increases with time of plasma
ageing within 15 min up to max. 30 min
after plasma activation, then the overall

News from Departments

within 15 min (or 30 min) to achieve a
required shade (higher colour deviation).

It was found on evaluation of influence of
plasma ageing on colour fastness of
textile material that a more satisfactory
colour fastness is achieved on dyeing

colour difference decreases. It means that
a cotton textile material after plasma
activation of its surface can be dyed within
15 min (or 30 min), later exhaustion of
dyeing bath is worse.

- Influence of time of plasma ,aging“ after
textile surface activation on dyeing of a
cotton bleached fabric was determined as
well. Here we can say again that it is
possible to dye a bleached cotton fabric

within 15 min from plasma activation of
the textile surface.

Acknowledgement: This paper was worked out in
the frame of scientific/technical project APVV VMSP-
P-0014-09 ,Research and innovation of technological
processes focused on improvement of quality and
manufacture of innovative textile products with a high
added value — TEXINTECH" financed from the means
of the Slovak Research and Development Agency,
Bratislava, Slovak Republic

VPLYV NIZKOTEPLOTNEJ PLAZMY NA PODMIENKY FARBENIA TEXTILI

Translation of the article
Influence of low temperature plasma on conditions of textile dyeing

V suvislosti s poziadavkou na ekologicky Setrné procesy vysoko ucinnych povrchovych uprav
textilii sa hladaju nové postupy fotochemickej a fyzikalnej modifikacie polymérnych povrchov.
Jednou z najvhodnejSich metdéd povrchovej ,fyzikalnej* aktivacie textiiného materialu,
v sulade so striktnymi sucasnymi environmentalnymi poziadavkami, sa javi povrchova
aktivacia textiiného materidlu plazmou. Pouzitim plazmovej aktivacie dochadza ku
transformacii povrchu textiinych materialov na nanometrickej urovni, s vyuzitim najma ak je
potrebné zvysit' polaritu polymérneho materialu za ucelom zlepSenia adhézie pri povrchovych
upravach resp. farbeni.

Inovovany technologicky proces zabezpeceny integraciou nizkoteplotnej plazmy generovanej
vybojom DCSBD (Diffuse Coplanar Surface Barrier Discharge) za atmosférického tlaku
umoznuje aplikaciu novych farbiacich postupov s cielom zvySenia afinity farbiva ku
farbenému textiinému materialu so sucasnou minimalizaciou zatazZenia Zivotného prostredia.
Procesy realizované pri nizkej teplote a atmosférickom tlaku umoznuju kontinualnu vyrobu
integraciou progresivnych technoldgii do tradicného technologického procesu textilnej
vyroby, bez negativneho ovplyvnenia jej rychlosti a produktivity.

V prispevku chceme poukazat na vplyv nizkoteplotnej plazmy za atmosférického tlaku na
vyfarbitelnost’ a stabilitu vyfarbenia prirodnych textilnych materialov.

Prezentované bude aj koncepéné rieSenie zariadenia na kontinualnu upravu textilii
nizkoteplotnou plazmou za atmosférického tlaku ZUP 400 sjeho umiestnenim do
kontinualnej Stvrtprevadzkovej upravarenskej linky v spoloénosti VUTCH-CHEMITEX, spol.
s r.o. Umiestnenie zariadenia na upravu textilii nizkoteplotnou plazmou za atmosférického
tlaku ZUP 400 zachovava doterajSi rozsah technologickych aplikacii upravarenského
zariadenia, ale zaroven umoziiuje kontinualne prepojenie uUpravy textilie nizkoteplotnou
plazmou za atmosférického tlaku a nasledne jej dalSiu upravu, napr. chemicku.

Tento prispevok bol prezentovany na narodnej odbornej konferencii ,TEXTIL V BUDUCNOSTI* konanej 19-20
maja 2010 v Ziline, Slovenska Republika.
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POVRCHOVO FARBITELNE POLYPROPYLENOVE VLAKNA A PRIPRAVA
KONCENTRATOV MODIFIKATORA PRE APLIKACIU DO
POLYPROPYLENOVYCH VLAKIEN

J. Hudak, S. Krivo$ a V. Zimany

Vyskumny ustav chemickych vlakien, a.s., Sturova 2, 05921 Svit, Slovenska republika
hudak@vuchv.sk

1. UvoD

Polypropylén (PP) patri do dblezitej skupiny
polyolefinov, vyznamnych 2z komeréného
hladiska najma vdaka ich nizkej cene v
kombinacii so zaujimavymi fyzikalnymi i
chemickymi vlastnostami. Vyznaluje sa
lahkou spracovatelnostou, nizkou mernou
hustotou, nulovou nasiakavostou, dobrou
chemickou rezistenciou, dobrymi
antistatickymi vlastnostami, dobrou
dostupnostou a pod. Vzhladom na svoj
polyolefinicky pévod a vyrazne hydrofébny
charakter, PP vldakna maju prakticky
zanedbatelnu afinitu ku znamym,
priemyselne vyuzivanym farbivam, takze ich
farbenie klasickym, mokrym postupom ma
takmer nulovu vytaznost.

ZlepSenie povrchovej vyfarbitefnosti PP
vlakien je mozné dosiahnut’ chemickou alebo
fyzikadlnou modifikaciou. Modifikované PP
vlakna predstavuju v sucCasnosti jeden zo
spésobov  pripravy  Specialnych  typov
syntetickych vlakien, v tomto pripade PP
vlakna so zlepSenymi vlastnostami pre ich
povrchové farbenie.

Vyvoj koncentratu modifikatora pre
pripravu povrchovo farbitelnych PP
vlakien

Pri priprave zmesnych vilakien je potrebné na
ZlepSenie  kompatibilizacie  polymérnych
zloZiek a pripravu stabilnej zmesi pouzivat
kompatibilizatory.

Vyber kompatibilizéra do systému polyester
a polypropylén bol orientovany na povrchovo
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Pouzitie polymérov alebo polymérnych
zmesi je jednym z ucinnych spésobov
modifikacie PP s cielom zvySenia jeho
vyfarbitelnosti z kupela. Modifikacia PP
polyestermi (PES) pri priprave zmesnych
PP/PES vlakien s majoritnym podielom PP je
zaujimava z hladiska ich vlastnosti. PES v
zmesi s PP v PP/PES vidkne zlepSuje
povrchovu vyfarbitelnost PP klasickym
postupom, elasticitu vlakien ako aj ich
sorpcné vlastnosti. Polyesterové aditiva
viazané v polypropylénovej matrici su
schopné fixovat disperzné farbiva a zvysit
tak ich vytiahnutie z kupela na vlakno. Na
zaklade poznatkov o difuzii farbiva z roztoku
do vldkna ako aj na zaklade vplyvu
nadmolekulovej Struktury viakna na jeho
vyfarbenie je mozné konstatovat, Ze difuzia
disperznych farbiv prebieha primarne do
amorfnych menej usporiadanych oblasti
vlakna. Polyester v zmesnych PP/PES
vlaknach umoznuje tvorbu menej
usporiadanej nadmolekulovej struktury tychto
vlakien a podiefa sa na tvorbe medzifazovej
vrstvy medzi polymérnymi zlozkami, ktora je
povazovana za tzv. tretiu fazu takéhoto
polymérneho systému a tym zvySuje aj
vyfarbitelnost zmesnych PP/PES viakien.
aktivne latky s aktivnymi  funkénymi
skupinami a s dostato¢ne dlhym alifatickym
retazcom s priemernou  molekulovou
hmotnostou 3500 - 10000 g/mol.
Termickymi analyzami DSC a TGA bolo
potrebné vyselektovat typ kompatibilizéra,
ktory ma fyzikalne konstanty na pozadovanej
arovni:

teplota tavenia v intervale 205 + 220°C

nizka entalpia tavenia 27,6 kJ/kg
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Priprava vzoriek koncentratov
modifikatora pre povrchovu
vyfarbitefnost’PP vlakien

V prvej faze pre vyskum pripravy

modifikovanych PP textilnych hodvabov s
povrchovou vyfarbitelnostou boli pripravené
nasledujuce typy PP koncentratov
modifikatora. V ramci rieSenia prac na vyvoji
koncentratov pre povrchové farbenie boli
pripravené 2 typy progresivnych
koncentratov pre vyskum pripravy
modifikovanych PP textiinych hodvabov s
povrchovou vyfarbitelnostou. U uvedenych
koncentratov boli stanovené aplikacné
parametre pre pripravu modifikovanych PP
vlakien a koncentraty boli otestované pri
priprave PP textilnych hodvabov.

Tavenina koncentratu 28/0764 ma vysSiu
hodnotu  pseudoplastickej odchylky v
porovnani s taveninou koncentratu 28/0763.
Koeficient konzistencie taveniny S
koncentratom 28/0763 je takmer
dvojnasobny v porovnani s taveninou s
pridavkom 28/0764. Z toho vyplyva, Ze
pridavok PBT v koncentrate zvySuje
koeficient konzistencie a znizuje
pseudoplasticku odchylku.

Z uvedeného vyplynuli poziadavky na dalSie
vyvojové prace pri hladani
kompatabilizatného systému pre vyvoj
vhodného typu koncentratu modifikatora pre
povrchovu farbitefnost’ PP vlakien.

Tab. 1 ZloZenie PP koncentratov pre povrchové
farbenie PP

Koncentraty pre povrchové farbenie PP vlakien
Oznac':en’ie Komponent Koncentracia
koncentratu [%]
Moplen 500 28,4
PET -LFK 30
28/0763 Kompatibilizér . 11,2
PBT 30
Novanik 1010 0,4
PET L-FK 30
Moplen 500 28,4
28/0764 Kompatibilizér I. 11,2
PBT 30
Kompatibilizér II. 04
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Tab. 2 Aplika¢né vlastnosti PP koncentratov

Prchavé | Prachové
. . | Index toku . e
Oznacenie [9/10 min] podiely | c&astice
g [%] [%]
28/0763 675,9 0,514 0,049
28/0764 4841 0,124 0,133

Aplika&né vlastnosti povrchovo farbitefnych
koncentratov-porovnanie indexu toku

800
700
600 -
500 A
400

300

200 A
100 4

675,9

Index toku g /10 min

Typ koncentratu

O 25/0763 @ 28/0764

Obr. 1 Vplyv typu koncentratu pre povrchové
farbenie PP na index toku

Aplikaéné viastnosti povrchovo farbitefnych koncentratov-
perovnanie filtrovatefnosti

30 4

251
25

20

Filtrovate 'nost’ MPa / kg
o

Typ koncentratu

|8 26/0763 @ 28/0764 ]

Obr. 2 Vplyv typu koncentratu pre povrchové
farbenie PP na filtrovatelnost

Vplyv kompatibilizéra na aplikaéné
vlastnosti koncentratov pre povrchové
farbenie

Vplyv kompatibilizéra IRST-22 sme overili
pripravou koncentratu s ozna¢enim 28/0886.
Pouzitim kompatibilizéra IRST-22 doslo k
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vyraznému zlepSeniu prevadzkovej
procesu hnetenia - tavenia premixu.

istoty

Tab. 3 Termické konstanty kompatibilizéra IRST-
22 (DSC 4 Perkin Elmer)

Oznacenie T AHn, T

em m
vzorky [°C] [kJ / kg] [°C]
IRST-22 | 205,1+1 | 27,6%1,4 | 216,311

Tec AHmc TC

[°C] [kJ / kg] [°C]
IRST-22 | 183,241 | 34,96+1,7 | 176,1%1

Tab. 4 Ubytky hmotnosti kompatibilizéra IRST-22
pri réznych teplotnych reZzimoch TGA-6 Perkin
Elmer

Zdrzna doba min | 180°C | 200°C | 280°C
0 min 1,03 1,15 1,40
5 min 1,17 1,33 1,54
10 min 1,20 1,40 1,64
15 min 1,22 1,45 1,68
20 min 1,22 1,49 1,73

News from Departments

Tab. 5 Zlozenie koncentratov PP koncentratu
28/0886 pre povrchové farbenie PP vlakien

Zlozenie . . | Konc.
. Oznacenie o
premixu [%]
Polymérny nosic PP 26,0
PET PET W 60,0
Kompatibilizér | IRST-22 | 10,0
Dispergator LWX -E 4,0

Tab. 6 Aplikacné vlastnosti PP koncentratu
28/0886 pre povrchové farbenie PP viakien

ITv S Cv
[cm®10min] | [cm®/10min] | [%]
305,6 12,27 3,442
Viskozita S Cv
[Pa.s] [Pa.s] [%]
29,7 1,0 3,5
ITm Hustota taveniny
[g/10min] [g/cm’]
298,5 0,993

Tab. 7 Koloristické vlastnosti PP viakien s jednotkovou jemnostou 2 dtex aditivovanych koncentratom

28/ 0886
Koncentracia PP viakna 2 dtex Tatren HT-25 11
28/0886 [%] L* a* b* Vyrok | St.Zazlt. | AVG Strenght
0,0 93,88 -0,59 | 0,95 G1 50 100,00
1,0 92,96 -0,53 | 2,13 B 4,0 130,12
2,0 91,63 -0,35 | 3,61 R1 3,0 187,83
4,0 91,03 -0,09 | 4,49 R2 2,0 215,69
6,0 90,15 0,11 4,70 R2 2,0 259,52
8,0 89,03 | 0,40 | 5,77 R3 2,0 327,76
10,0 89,03 0,47 5,76 R3 2,0 325,28
12,0 89,06 0,46 5,86 R3 2,0 322,69
16,0 89,78 0,36 5,77 R3 2,0 280,18
Hodnotenie aplikaénych vlastnosti Vplyv __aditivacie __koncentratom _ pre
koncentratu potvrdilo spravnost vyberu povrchové farbenie na __ koloristické
kompatibilizéra, ¢o sa prejavilo vlastnosti PP viakien
zrovnomernenim tokovych vlastnosti

taveniny koncentratu pri 270°C. Ciselne je to
pokles variaCnych koeficientov z 30% na
hranicu 4%.
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Pre hodnotenie koloristickych vlastnosti sme
pripravili hladké dizené PP vlakna s
jednotkovou jemnostou 2 dtex s obsahom
koncentratu 28/0886 od 1% do 16% ¢o
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zodpoveda obsahu kompatibilizéra od 0,1%

do 1,6% vo vlakne.

Vplyv aditivacie sa prejavil:

- zvySenim relativnej farebne;j sily

- posunom hodndt Kkoloristickej suradnice
b*(CIELAB D65/10°) z modrej do Zltej
oblasti

- poklesom hodnét koloristickej suradnice
L*(CIELAB D65/10°) z jasnej do tmavej
oblasti.

- celkovy farebny efekt hodnotenych viakien
sa da charakterizovat podlfa hodnotenia

News from Departments

bieli s farebnym prechodom zo sotva
postrehnutelného modro—zeleného
nadychu cez neutralny odtien po stredny
Cerveno-fialovy nadych.
Koloristické vlastnosti PP __vlakien s
jednotkovou jemnost'ou 2 dtex
aditivovanych koncentratom pre
povrchové farbenie (28/0886 10% IRST-

22)
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Obr. 3 Vplyv stupria aditivacie PP vlakien na farebny prechod jasna - tmava
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Obr. 4 Vplyv stupria aditivacie PP vlakien na farebny prechod zlta — modra

Vlakna a textil (3) 2010 33



Z vedecko-vyskumnych a vyvojovych pracovisk

News from Departments

400
4 AVG Strenght
350 -
*

300 -
E
E’ 250 - *
g
7]
9 200 -
i y =-1,8321x2 + 40,896x + 97,107

R2 =0,9781
150
100
50

0,0 20 4,0 6,0 8,0

10,0 12,0 14,0 16,0 18,0

Koncentracia koncentratu vo viakne v %

Obr. 5 Vplyv stupna aditivacie PP vlakien na farebnu silu v porovnani so Standardom neofarbené,

rezné PP vlakna Standarde prechod Zlta -modra

Prevadzkova validacia pripravy
koncentratu pre povrchové farbenie PP
vlakien
Prevadzkové overenie pripravy koncentratu
(pod pracovnym oznacenim 8801-PPf-60)
sme uskuto¢nili na priemyselnom zariadeni
WP ZDSK - 53. Ugelom skusobnej
prevadzky bolo overit vysledky
laboratorneho  vyskumu a  odladenie
technologickych  postupov  pripravy na
priemyselnom  zariadeni. Hodnotenie
aplikaénych vlastnosti koncentratu 8801-PPf-
60 preukazalo znacné nedostatky v oblasti
tokovych vilastnosti taveniny:
- nizka rovhomernost’ tokovych vlastnosti
- variatné koeficienty rozhodujucich
tokovych parametrov indexu toku a
viskozity dosahovali 30%.
Tato skutoCnost sa prejavila zniZzenou
prevadzkovou istotou procesu tavenia -
hnetenia premixu. Poloprevadzkovym
overenim sme identifikovali pri€iny zhorSenej
prevadzkovej istoty procesu pripravy a
nerovnomernych tokovych vlastnosti
taveniny koncentratu:
- nevhodny typ kompatibilizéra
- pouzitie dvoch typov polyesterov
PET — 1 linearna Struktura s vysokou
kryStalinitou
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PET — 3 nelinearna Struktura s amorfnou
Strukturou
Koncentrat mal zna¢né nedostatky a nebol
koneCnym rieSenim na priemyselné vyuzitie
v procese aditivacie PP viakien.

Tab. 8 ZloZzenie koncentratu pre povrchoveé
farbenie PP vlakien

Oznacenie koncentratu | 8801-PPf-60
Polymérna matrica PP 28,4%
Aktivna zlozka PET 1 30,0%
Aktivna zlozka PET 3 30,0%
Aditivum Kompatibilizér 1 | 11,2%
Dispergator Kompatibilizér 2 | 0,4%

Tab. 9 Aplikacné vlastnosti PP koncentratov pre
povrchové farbenie PP vlakien

Ozn ITv S Cv
" | [cm*/10min] | [cm*/10min] [%]
74,95 24,76 30,06
o Viskozita S Cv
Q [Pa.s] [Pa.s] [%]
o 163,1 63,2 38,62
é ITm tg\l::tn(i):l?( Filtrovatel.
o [9/10min] [glcm3] [MPa/kg]
68,52 0,825 36
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Prevadzkova validacia pripravy
povrchovo farbitefnych PP Txh pri pouziti
vyvijanych koncentratov

Boli testované typy modifikatorov pod
pracovhym oznacenim 88001-PPf-60 a

News from Departments

28/0886. Typ 28/0886 vykazuje vyrazne
lepSiu spracovatelnost oproti typu 88001-
PPf-60. Dosiahnuté fyzikalno—mechanické
vlastnosti su uvedené v tabufkach ¢. 10 a 11.

Tab.10 Fyzikalno mechanické vlastnosti - povrchovo farbitelné viakno

POY Tvarovanie
Konc Rel .
Sortiment Aditivum adit. | Jemn. | Pevnost’ : Taznost’ Tepl.
(6 | fdtex] | [N | RV e | PP rer | P
[cN/dtex]
50/50 x 1 FT | 88001-PPf-60 VUCHV | 13,3 | 89 154 1,73 265 [ 1,673 ] 90 [1,75
84/50 x 1 FT | 88001-PPf-60 VUCHV 10 | 1424 | 240 1,69 327 | 1800] 95 [1,75
84/50 x 1 FT | 88001-PPf-60 VUCHV | 13,3 | 1445 | 213 1,47 316 | 1,800 | 95 [ 1,75
84/50 x 1 FT | 88001-PPf-60 VUCHV | 16,7 | 1458 | 222 1,52 344 | 1,800 | 95 [1,75
72/50 x 1 FT__| 28/0886 VUCHV 10 | 122,1 176 1,44 234 | 1,789 | 116 | 1,85
50/50 x 1 FT__| TYPB 10 82 - - - 1,599 | 116 | 1,85
S6/A3x1FT | 1yp 10 86 - - - 1,599 | 116 | 1,85
duté
23{;‘3 X1TFT  1vpB 10 138 - - - 1,741 | 116 | 1,85
50/50 x 1 FT__| TYPB 10 82 - - - 1,557 | 116 | 1,90
72/50x1FT_| TYPB 10 119 256 2,16 257 | 1,721 ] 116 [ 1,75
Ako bolo uvedené v predchadzajucej Casti, fyzikalno—mechanické vlastnosti z

pri priprave vlakien sa testovalo viac typov
modifikatorov, jednak z vlastného vyvoja a
tiez pre porovnanie aj Standardné, komercne
ponukané modifikatory. Dosiahnuté

pripravenych vzoriek vlakien za pouzitia
vyvinutych modifikatorov boli hodnotené
pozitivne, v porovnani so vzorkami vlakien
za pouzitia komerénych modifikatorov.

Tab.11 Fyzikalno mechanické vlastnosti - povrchovo farbitelné viakno

K Finalne vlakno

g Rel. |+ Poc

Sortiment Aditivum adit. | Jemn. | Pevnost’ pevr; Taznost’ KK pr
0, - 0, 0, -
[%] | [dtex] | [Nl |\ onjgiexy | [ [% | (1/m

50/50 x 1 FT | 88001-PPf-60 VUCHV | 13,3 | 48,7 127,2 2,61 84,1 29,6 101
84/50 x 1 FT_| 88001-PPf-60 VUCHV 10 | 852 237,7 2,79 90,4 31 97
84/50 x 1 FT | 88001-PPf-60 VUCHV | 13,3 | 84,8 2315 2,73 97,6 274 112
84/50 x 1 FT | 88001-PPf-60 VUCHV | 16,7 | 857 215,1 2,51 96,2 29,2 89
72/50 x 1 FT | 28/0886 VUCHV 10 | 739 172,5 2,34 76,4 30,6 30
50/50 x 1 FT | TYPB 10 | 53,1 146,5 2,76 76,4 30,1 929
2‘3{23 X1FT | rvpB 10 | 594 198,5 3,34 71,2 30,8 81
2;‘{;‘3 X1FT 1 1vpB 10 | 888 | 3301 3,72 59,1 20,8 88

50/50 x 1 FT | TYPB 10 | 555 202,0 3,64 94,1 29,1 -
72/50 x 1FT | TYPB 10 | 778 240,8 3,10 81,7 26,1 107

Koncentrat 8801-PPf-60 mal znacné prevadzkovych podmienkach bude hlavnou

nedostatky a nie je koneCnym rieSenim na
priemyselné vyuZitie v procese aditivacie PP
vlakien. DorieSenie kvality tohto typu
koncentratu a jeho validacia Y
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naplnou vyskumnych prac v roku 2010.

Pod'akovanie: Tato praca bola podporovana
Agenturou pre podporu vyskumu a vyvoja na zaklade
zmluvy ¢. APVV-0289-07.
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SURFACE DYEABLE POLYPROPYLENE FIBRES AND PREPARATION OF
CONCENTRATES OF A MODIFIER FOR APPLICATION
IN POLYPROPYLENE FIBRES

Translation of the article
Povrchovo farbitelné polypropylénové viakna a priprava koncentratov modifikatora
pre aplikaciu do polypropylénovych viakien

Polypropylene (PP) belongs to a group of polyolefines, important from commercial viewpoint
mainly due to their low price in combination with interesting physical and chemical properties.
It shows easy workability, low specific density, zero absorptivity, good chemical resistance,
good antistatic properties, good availability etc. PP fibres show practically negligible affinity to
well-known industrially used dyestuffs due to their polyolefinic origin and strongly
hydrophobic character, therefore their dyeing using typical wet process has nearly zero dye
yield.

Improvement of surface dyeability of PP fibres can be achieved by chemical or physical
modification. At present, modified PP fibres represent one of methods used for preparation of
special types of synthetic fibres, in this case PP fibres with improved properties for their
surface dyeing.

Application of polymers or polymer blends is one of efficient ways of PP modification aimed
at improvement of their dyeability on bath dyeing. Modification of PP with polyesters (PES)
on preparation of blended PP/PES fibres with a majority PP share is interesting from
a viewpoint of their properties. PES in a blend with PP in PP/PES fibre improves surface
dyeability using conventional procedure, elasticity of the fibres as well as their sorptive
properties. Polyester additives bonded in a polypropylene matrix are able to fix disperse
dyestuffs and improve this way their exhaustion from the bath to a fibre. It is possible to state
on the base of knowledge about dyestuff diffusion from solution to a fibre as well as on the
base of influence of the supermolecular structure of the fibre on its dyeing that diffusion of
disperse dyestuffs proceeds primarily to amorphous, less arranged fibre regions. Polyester in
blended PP/PES fibres allows formation of less arranged supermolecular structure of these
fibres and it takes part in formation of interfacial layer between the polymeric components
which is considered to be so-called third phase of such a polymer system and this way it
improves also dyeability of the blended PP/PES fibres. Compatibilizers are necessary to be
used on preparation of the blended fibres to improve compatibilization of the polymer
components.

Selection of a compatibilizer for the polyester/polypropylene system focused on surface-
active compounds with active functional groups and with sufficiently long aliphatic chain with
an average molecular mass of 3500 — 10000 g/mol. A compatibilizer with physical constants
on a required level was selected using DSC and TGA thermic analyses.

The physical constants are as follows:

- melting temperature in the range of 205 + 220°C

- low melting enthalpy 27.6 kJ/kg

Several types of modifiers were tested in the frame of fibre preparation. They included
modifiers from development of our own as well as standard, commercially available modifiers
for comparison. The achieved physico-mechanical properties of the prepared samples made
using the developed modifiers were evaluated positively in comparison with the fibre samples
made using the commercially available modifiers.

Tento prispevok bol prezentovany na narodnej odbornej konferencii ,TEXTIL V BUDUCNOSTI* konanej 19-20
maja 2010 v Ziline, Slovenska Republika.
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STRUKTURA A VLASTNOSTI VLAKNITYCH MATERIALOV NA BAZE
POLYLAKTIDOVYCH, BAMBUSOVYCH A POLYPROPYLENOVYCH
VLAKIEN

K. Stefankova’, J. Balogova?, K. Holcova', M. Jambrich’, J. Lugiviansky? a J. Vnen&akova®

1Fakulta2priemyseln)’/ch technoldgii TNUAD Puchov
Chemosvit — Fibrochem, a.s. Svit
3Vyskumny Gstav chemickych vlakien, a.s. Svit
Stefankova.K@gmail.com

1. UVOD

V prispevku pojednavame O priprave,
Strukture a vlastnostiach vlaknitych
materialov Z0 zmesi Specialnych
polypropylénovych (PP), polylaktidovych

(PLA) a bambusovych (Bs) vlakien. Pouzité
vlakna na pripravu integrovanych textilii —
vlaknitych materialov predstavuju surovinovu
bazu  syntetickych, mikrobialnych  a
celulbzovych  polymérov  z konvencnych
a obnovitelnych zdrojov surovin. Z hladiska
fyzikalnych vlastnosti su to materialy
hydrofébne (PLA, PP), hydrofiiné (Bs),
biodegradovatelné (Bs, PLA),
biokompatibilné S prirodzenou
antimikrobialnou uc€innostou (Bs).

VlIaknité materidly - textiie na baze
uvedenych typov vlakien umoziuju pripravu
vyrobkov pre oSatenie, bytovy textil a
technické textilie so Sirokou Skalou fyzikalno-
mechanickych, fyziologickych a uzitkovych
vlastnosti. Hodnotenie vlastnosti  bolo
uskuto€nené objektivnymi fyzikalno-
chemickymi metédami a  subjektivhou
metdédou pomocou probantov nosenim.
Narocnost' na vlastnosti viaknitych materialov
na oSatenie, bytovy textil a technické textilie
sa sustavne zvySuju nielen na fyzikalno-
mechanické, ale hlavne na fyziologické
a Specifické uzitkové vilastnosti ako je
antimikrobialna, antistaticka a nehorfava
ucinnost, biokompatibilita a pod. Velky dbraz
sa kladie ina vlastnosti  suvisiace
s enviromentalnymi  problémami ako je
biodegradovatelnost a  recyklovatelnost
textilnych vyrobkov. Nie menej vyznamny je
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aj problém surovinovych zdrojov, kde sa
zdéraziuje vyuzitie obnovitefnych zdrojov
surovin s vhodnymi spracovatelskymi a
uzitkovymi vlastnostami. VIaknité materialy
urCené na pripravu vyrobkov pre oSatenie
musia zabezpeclit dobry termofyziologicky
a pokozkovosenzoricky komfort pri noseni pri
réznych Cinnostiach €loveka a klimatickych
podmienkach [1-4].

Hlavné fyziologické vlastnosti textilnych
materialov su transportné vlastnosti tepla
vlhkosti a vzduchu, €o vyplyva z potrieb pri
noseni odevného vyrobku azo zakladnych
fyziologickych €innosti koze [1, 2].

Wieh " "«
=
(o] {
TS
/}\I&ﬂcow kontakt

=" +%. Transport tepla
ar'c
Transport vihkosti /\

" Transport vihkosti
Obr.1 Schéma termofyziologického efektu textilie

(2]

Prenos tepla

Fyziologické vlastnosti vlaknitych materialov
zavisia najma od materialového zloZenia
a ich makromorfologickej Struktury. Zlozenie
textilie udava druh a typ vlakien, konstrukcia
textilie a obsah vzduchu v textili. Z tohto
hladiska je textilny vyrobok kompozit zlozeny
z vlakien a vzduchu pricom kazda
kompozitna zlozka ma vyznamny vplyv na jej
fyziologické vlastnosti [3].
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2. TEORETICKA CAST

V sucCasnosti sa velkd pozornost venuje
mikrobialnym polymérnym systémom, ktoré
su pripravované na baze prirodnych
obnovitelnych netoxickych produktov.
Rovnako nové typy vlakien z mikrobialnych
polymérov  su  vyuzivané v bytovych
a technickych textiliach ako su agrotextiilie,
textilie pre medicinu, priemyselné vyrobky,
EKO textilie a iné.

Priprava  mikrobialnych  typov  vlakien
a vlaknitych materialov je zalozena najma na
produktoch pofnohospodarstva a
z lesohospodarstva  (kukurica,  zemiaky,
cukrova repa, trstina, odpadova biomasa,
drevo, slama a iné),.[5-10].

Z mikrobialnych  typov  polymérov  pre
pripravu vlakien je najviac preskumana
vyroba polymlie€nej kyseliny.

Vdaka svojej biodegradovatelnosti a
biokompatibilite si vyrobky z nej za
poslednych 40 rokov nachadzali uplatnenie v
rébznych  oblastiach  priemyselnych a
spoloCenskych aplikacii. Vyrobu PLA a
vlakien zabezpecluju viaceré firmy [5-10]. V
roku 2008 bola vyroba PLA cca 400 000 t/r.
Polymlie¢na kyselina (PLA) sa pripravuje
dvoma sp6sobmi [15]:
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- priamou
mlie¢nej,

- nepriamo cez dimér-lactid polymerizaciou
otvorenim kruhu.

JV{XQ

PLA
poly(3.6- dimetyl-1 4-dioxan-2.5-dion)

/

polykondenzaciou kyseliny

kyselina mlietna
H, 0

o
chJﬁ‘/U

o]
kud

Obr. 2 Viyroba PLA [15]

Polymlie€na kyselina patri do skupiny
mikrobialnych polymérov s lyotropnym a
termotropnym charakterom. PLA ma teplotu
topenia 175°C, teplotu krystalizacie 103°C a
teplotu skelného prechodu 58°C, prijem
vlihkosti je 0,5%.

Z uvedenych dévodov priprava sa viakna
md&ze uskuto€riovat' z roztoku, alebo taveniny
polyméru. V tomto obdobi sa PLA vlakno
pripravuje Standardnym postupom z taveniny
polyméru. Fyzikalno — mechanické vlastnosti
vlakien (hodvab, striz, NM) su porovnatelné
s vlastnostami klasickych syntetickych
vlakien [15, 16].
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Obr. 3 Priprava a recyklacia PLA vlakien [17]
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Dalsim zaujimavym typom vldkna z
obnovitefného zdroja surovin je bambusové
vlakno, ktoré mimo biodegrabilty ma
prirodzenu antimikrobialnu ucinnost.
Bambusové vlakno je regenerat celulozy [1-
4, 12-14].

Bambus je vSeobecny termin pre skupinu
vysokych drevitych trav (podc&efad
Bambusoideae, rodu
Andropogoneae/Poaceae). Vyskytuje sa
v pdvodnej vegetacii v mnohych castiach
tropickych, subtropickych a strednych
teplotnych pasmach. Existuje priblizne 1250
druhov v 75 rodoch, vacsSina ktorych je
relativne rychlo rastuca, dosahujuca zrelost
piatym rokom.

Textiiné materidly z bambusu boli len
nedavno uvedené na trh odevného
priemyslu. Na vyrobu vlakien sa pouziva
bambus - Moso (Phyllostachys puberscens).
Bambusové vldakno patri do skupiny
celulézovych vlakien.

®

Obr. 4 Molekulova Struktura jednotky celuldzy [2]

Chemicky proces pripravy vlakien vyuziva
bambusovu buni¢inu podobne ako je vyroba
viskbézovych vlakien [15]. Aplikované PP
vlakna na pripravu vlaknitych materialov sme
dostatoCne popisali v naSich publikaciach [1,
3].
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3. EXPERIMENTALNA CAST

NasSe experimentalne prace boli zamerané

na pripravu vlaknitych materidlov a

hodnotenie ich  Struktury, fyzikalno -

mechanickych, fyziologickych a uzitkovych

vlastnosti. Vlaknité materialy — pleteniny boli

pripravené z polypropylénovych,

polylaktidovych (PLA), bambusovych (Bs)

vlidkien a ich zmesi. Struktdra a vlastnosti

boli hodnotené pomocou objektivnych

fyzikalno - chemickych metéd a uZitkové

vlastnosti vyrobkov z nich sme posudzovali

subjektivnymi metédami pomocou probantov

nosenim.

Na Obr. 5 su uvedené prie¢ne rezy PP, PLA

a Bs vlakien.

PrieCny rez Bs vlakien je so skin efektom a

PP a PLA su duté vilakna s CiastoCnym skin

efektom. Z uvedenych typov vldkien boli

pripravené pleteniny u ktorych sme hodnotili

makromorfologicku  Strukturu,  fyzikalno-

mechanicke, fyziologické a uzitkove

vlastnosti nasledujucich vzoriek :

- pletenina s materialovym zlozenim 100%
PP,

- pletenina s materialovym zlozenim 100%
PLA,

- pletenina s materialovym zlozenim 100%
Bs,

- pletenina s materialovym zloZzenim 35%
PP a 65% PLA,

- pletenina s materialovym zlozenim 46%
PP a 54% Bs,

- pletenina s materialovym zlozenim 30%
PP.

Tab. 1 Fyzikalno - mechanické vlastnosti vliakien a priadzi (STN EN ISO 2060 a 2062), [1-3]

vzorka 100% PP 100% PLA 100% Bs 100% ba
Dizkova hmotnost [tex] 17,30 63,31 15,8 29,17 29,72
Pevnost [cN] 432,05 376,40 573,5 417,30 417,30
Taznost [%] 67,92 33,47 31 10,12 5,37
Relativna pevnost [cN/dtex] 2,49 0,59 3,63 1,43 1,30
th P th P P

PP hodvab, PLA priadza, Bs priadza, ba priadza
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Obr. 5 PrieCne rezy Bs, PP, PLA vlakien. a. Bs, b. PP, c. PLA , d. REM vnutorna Struktura PLA

Tab. 2 Fyzikalno-mechanické vlastnosti pletenin (STN EN ISO 139 34-1, STN ISO 3801, STN EN

1497).
v Pevnost | Taznost’ Plo$na hmotnost’ Poéet oéiek na 1cm®
zorka o 2 -
[N] [%] [g/m°] riadok stlpec

100% PP 863 169,0 273,3 6 9

100% PLA 226 81,5 197,7 6 8

100% Bs 293 87,0 269,7 6 8

65% PLA/ 35%PP 552 127,6 336,2 6 9

54%Bs / 46%PP 572 117,8 282,3 6 9

16% Bs/54% PLA/ 30% PP 546 112,8 370,8 6 8,5
Fyzikalno — mechanické vlastnosti pletenin transportu tepla (kontaktnou metou
su jednoznacne ovplyviiované fyzikalno — ALAMBETA)[1]. V Tab. 3a- 3b su
mechanickymi vlastnostami vlakien aich uvedené priemerné hodnoty kapilarnej

podielové zastupenie VO vlaknitych
materialoch. V naSom pripade najlepSie
fyzikdlno — mechanické vlastnosti boli

namerané pre PP vlakna. Fyziologické
vlastnosti pletenin boli hodnotené z hfadiska
transportu vihkosti (vzlinanim STN 800828) a
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vzlinavosti pletenin.

Transport vlhkosti vlaknitych materialov —
pletenin je najprijatefnejsi u pletenin z PP a
Bs vlakien.
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Tab. 3a Priemerné hodnoty kapilarnej vzlinavosti
pletenin [3]

po 2 min. po 30 min.
Vzorka Stlpec | Riadok | Stlpec | Riadok

[cm] [cm] [cm] [cm]
100% PP 7.1 6,7 7,22 6,7
100% PPx 0 0 0 0
100% PLA 0 0 0 0
100% Bs 9,4 8,2 14,4 13,2
65% PLA/
35% PP 0,8 0,8 0,9 0,9
54% Bs/
46% PP 10,2 9,5 14,8 13,5
16% Bs/
54% PLAB0% PP | 4° | 35 | 48 | 38

PPx — PP po vyprani preparacie

Tab. 3b Kapilarna vzlinavost’ pletenin

Vzorka PE PES PA
S preparaciou 8,3 8,4 9
bez preparacie | 0,3 1,8 7,3
Vtabulke 4 su uvedené parametre

charakterizujuce tepelno - izolacné vlastnosti
pletenin.

Tepelno — izolacné vlastnosti vlaknitych
materialov potvrdzujuc pomocou A — tepelna
vodivost a r — plosny tepelny odpor su
najlepSie z PLA vlakien a u integrovanych
pletenin v kombinacii PLA a PP vlakien.

Z vysledkov plosného tepelného odporu
vTab. 4 a 5 vyplyva poznatok, ze
kombinacia PP a PLA vlakien v pleteninach
sa prejavuje synergickym ucinkom, Co je
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délezitym  poznatkom  skutoCnosti

ovplyviiovanie  fyziologickych

vlaknitych materialov pre oSatenie.

Hodnotenie fyziologickych a uzitkovych

vlastnosti textilii — pletenin a vyrobkov z nich

— ponoziek, bolo vyhodnotené vedfla

objektivnych fyzikalno — chemickych metod

aj metdodami  subjektivnymi  pomocou

probantov  nosenim. Pre  hodnotenie

uzitkovych vlastnosti nosenim boli

pripravované ponozky s nasledujucim

materialovym zlozenim :

A vzorka s material. zlozenim 100% PP

B vzorka s material. zlozenim 100% PLA

C vzorka s material. zlozenim 100% Bs

D vzorka s materidl. zlozenim 65% PLA/35% PP

E vzorka s material. zlozenim 54% Bs/46% PP

F vzorka s material. zlozenim 16% Bs/54%
PLA/30%PP.

pre
vlastnosti

Probantami boli hodnotené tieto ukazovatele:
[2]
- ohmat

- odolnost voci oderu

- Zmolkovitost

- tepelno-izolaéné vlastnosti

- stalost tvarov

- komfort pri noseni.

Charakteristika uzitkovych vlastnosti
nosenim je popisana v praci [2]. Ziskané
vysledky nosenim hodnotené probantami su
v Tab. 5.

Tab. 4 Tepelno-izola¢né vlastnosti pletenin na rubnej strane (RS).

Samples )\'1.(1)-3 - -2b 112 11 ':510-32 h a,
[W.m".K'7]| [W.m™.s “. K] | [W..m".K] [ [mm] | [W.m™]
100% PP O 7% SR
100% PLA O 25 75 T3 T ia [ 4¢
100% Bs T2 55 Yo T ir [ 55
65%PLA/35% PP f’zi‘[{{/‘:]- 415.-50 93?-27 3::}; 11.§22 05..558
54%Bs/46% PP T i o a1 43
16%Bs/54%PLAI30% PP (10— 70 22 35 Tir 6

Poznamky: A — merna tepelna vodivost, b — tepelna absorbivita, r — plosny tepelny odpor, h — hrabka pleteniny,

g — tepelny tok
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Tab. 5 Hodnotenie uzitkovych vlastnosti piatimi stupfiami hodnotenia [3].

Vzorky A B C D E F

Ohmat ey ;:l o (= ;:l (= - —E o
%‘ e ~ = ~ e

Odolnost’ vodi

. S T BT R T

Zmolkovitost’ b ‘ > ’ > ’

Tepelno-izolatné

eyl el R R R R

Stilost’ tvarov b ‘ ‘ ’ > ‘ ’

Komfort

pri noseni b ‘ ’ ’ ‘ ’ ’ ‘ ’

stupen hodnotenia 5-vybormne

L 4

stupen hodnotenia 3-dobre

R

stupen hodnotenia 1-nevyhovujice

4. ZAVER

Ciefom tejto prace bola priprava
integrovanych vlaknitych materialov zo zmesi
vlakien  syntetickych,  mikrobialnych a
celulézovych s hydrofilnym, hydrofobnym,
biokompatibilnym, antimikrobialnym a
biodegradovatelnym charakterom.
Mikrobialne a celuléozové vlakna su z
obnovitelnych ~ zdrojov  surovin asu
recyklovatelné. Kombinacia tychto vlakien
umoznila pripravu integrovanych vlaknitych
materialov s  dobrymi  fyzikalno
mechanickymi, fyziologickymi, uZitkovymi
vlastnostami a dobrym komfortom nosenia.

Pre zabezpecenie potrebnych fyzikalno —
mechanickych  vlastnosti  integrovanych
textilii su dolezité mechanické vlastnosti
aplikovanych vlakien. Pevnosti PP vlakien
ovplyvnili [ mechanické vlastnosti
integrovanych  textili. Ak  porovname
pevnosti integrovanych textilii — pletenin
pripravenych s PP, PLA, Bs vilakien (Tab. 2)
a zmesi PLA/PP, Bs/PP, Bs/PLA/PP zistime,
Ze ich pevnosti nie su aditivnhou hodnotou ale
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’ stupen hodnotenia 4-vel'mi dobre

stupen hodnotenia 2-slabé

skor synergickym efektom. To je jednym z
dolezitych poznatkov pripravy integrovanych
vlaknitych materialov na baze PP, PLA, Bs a
ich zmesi. Makromorfologicka Struktura
integrovanych  vlaknitych  materialov
pletenin je dbélezitym faktorom z hladiska
fyzikalno — mechanickych, fyziologickych |,
uzitkovych vlastnosti. Najpriaznivejsie
stacionarne tepelno-izolacné vlastnosti ako
je tepelna vodivost’ (A) a plosny odpor (r) sa
namerali u pletenin z PLA vlakien a zo zmesi
PLA/PP vlakien (Tab. 4). | v tomto pripade
kombinacia PLA a PP vlakien sa prejavila
synergickym efektom. Stacionarne tepelno-
izolacné vlastnosti su podmienené jednak
Strukturou vlakien a makromorfologickou
Strukturou pletenin.

Experimentalne prace nam umoznili ziskat
poznatky o vplyve materialového zloZenia na
uzitkové vlastnosti integrovanych pletenin.
Integrované pleteniny aj vyrobky z nich na
baze PP, PLA, Bs vlakien boli hodnotené
objektivnymi  a subjektivnymi  metodami.
Hodnotenie fyziologickych vlastnosti najma
transportu  vlhkosti  atepla umoznilo
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charakterizovat uroven uzitkovych
parametrov  pripravenych pletenin  pre
aplikaciu v textiliach pre oSatenie, bytovych
a technickych textiliach. Mbzeme
konstatovat’ ze kombinacia hydrofébneho PP
vlakna a hydrofilnych Bs a mikrobialnych
PLA vlakien umoznuju pripravit textilie —
pleteniny s fyziologickym systémom
zabezpecCujucim dobry termofyziologicky
a pokozkovo senzoricky komfort.
NajvhodnejSou kombinaciou vlakien pre
pripravu pletenin sa javi kombinacia PP, PLA
a Bs vlakien s predpokladom antimikrobialnej

prirodnej upravy. Prevazna cast vlakien
predstavuje typy materialov
s biodegradovatefnou recyklacnou

charakteristikou asu z obnovitelnych
pbdohospodarskych zdrojov. Vyuzitie tychto
vlakien na pripravu integrovanych vilaknitych
materialov aplikovanych vo vyrobkoch pre
oSatenie, bytové a technické textilie a pre
podobné ucely je perspektivou pre 21.
storocie.

Pod'akovanie: Téato praca vznikla s podporou
agentiry VEGA, grant 1/0406/08 a VMSP-P-0019-09
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STRUCTURE AND PROPERTIES OF FIBROUS MATERIALS BASED ON POLYLACTIDE,
BAMBOO AND POLYPROPYLENE FIBRES

; Translation of the article
Struktara a vlastnosti viaknitych materialov na baze polylaktidovych, bambusovych
a polypropylénovych vlakien

Objective of the contribution is to inform about preparation, structure and properties of fibrous
materials made of a blend of special polypropylene (PP), polylactide (PLA), bamboo (Bs)
fibres. Fibres used for preparation of the integrated textiles - fibrous materials - represent raw
material basis of synthetic, microbial and cellulose polymers from conventional as well as
recoverable raw material sources. These materials are hydrophobic (PLA, PP), hydrophilic
(Bs), biodegradable (Bs, PLA), biocompatible ones showing inherent antimicrobial efficiency
(Bs) from a viewpoint of physical properties.

Fibrous materials — textiles based on the above-mentioned fibre types enable to prepare
clothing products, home textiles and technical textiles with a wide range of physico-
mechanical, physiological and use properties. Evaluation of the properties was carried out
using objective physico-chemical methods and a subjective wear test with probants. Physico-
mechanical characteristics but mainly physiological and specific use properties such as
antimicrobial, antistatic, non-flammable efficiency, biocompatibility etc. should meet the ever-
increasing demands of consumers of clothing, home and technical textiles. A great emphasis
is laid also on properties connected with environmental issues, such as biodegradability and
recycling of the textile products. Problem of sources of raw materials is equally important.
Use of recoverable sources of raw materials with appropriate processing and use properties
is emphasized. Fibrous materials designed for preparation of clothing products should
provide good thermophysiological and skin-sensoric comfort when wearing the clothing
during various human activities and in various climatic conditions.

The most important physiological properties of textile materials are thermal, moisture and air
transport properties following from the needs connected with wearing clothing products as
well as from the basic physiological skin functions.

Tento prispevok bol prezentovany na narodnej odbornej konferencii ,TEXTIL V BUDUCNOSTI* konanej 19-20
maja 2010 v Ziline, Slovenska Republika.
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APLIKACIA NANOSOLOV PROSTREDNICTVOM SOL-GEL TECHNIKY
S CIELOM ZiSKANIA SUPERHYDROFOBNYCH TEXTILNYCH POVRCHOV

J. Sestak a P. Deanko

VUTCH-CHEMITEX, spol. s r.o0., Rybniky 954, 011 68 Zilina, Slovenska republika,
jozef.sestak@nextra.sk, vutch@nextra.sk, chemitex@nextra.sk

Abstrakt: Vyuzitie nanosolov pripravenych na baze prekurzorov z organosilanov je jeden zo
spbsobov nanostrukturalizacie textiinych povrchov s cieflom zvySenia ich hydrofébnych vlastnosti
s dosiahnutim efektu samocistenia (lotosovy efekt). V prispevku su prezentované doterajSie
vlastné vysledky pripravy nanosélov aich aplikacie na vybrané textilie. Zaroven su uvedené
metddy pre hodnotenie superhydrofébnych vlastnosti (uhol rolovania, uhol zmac€ania, dynamicky

uhol, REM snimky atd.).

Dalej su naznadené sposoby dosiahnutia permanentnej superhydrofébnej Gpravy textilii.

1. UvoD

Moderné upravy textilii prisne dbaju na
dodrziavanie ekologickych aspektov pre
bezpecné vyuzivanie Upravarenskych
prostriedkov  anasledne aj bezpecné
pouzivanie textilnych vyrobkov. V klasickom
ponimani sa za zoSfachtovaci kupel pre
koneCné upravy povazuje vodny roztok alebo
disperzia ucinnych latok, ktoré po transporte
z kupela na textiliu a naslednom zakotveni
na povrchu spdsobuju zosfachtovaci efekt.
Znizuju sa tiez mnozstva nanasanych
upravarenskych prostriedkov a volia sa také
druhy, ktoré pri menSom nanose dosahuju
lepSie vysledky.

V nasej praci sme sa zamerali na vyuzitie
nanocCastic pre vodoodpudivé - hydrofébne
— vlastnosti nanosov pomocou sol — gél
postupu na dosiahnutie samodistiacich
vlastnosti upravenych tkanin.

Sol je tekuty koloidny roztok — kvapalina,
v ktorej su homogénne dispergované
koloidné Castice.

Gél je pevna elastickd latka tvorena
kontinualnym polymeérnym retazcom
tvoriacim tuhu kostru gélu a kvapalnou
zlozkou, ktora je distribuovana v poéroch
a kanaloch.

Sol — gél technika je zalozena na

vlastnostiach kremicitych iénov, ktoré tvoria
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svodou sOly vnevodnom  prostredi.
Odparenim  nevodného prostredia sa
pretransformuju sély na gél, pri ktorom sa
zabrani migracii a vysuSenim sa tato
zlu€enina meni na xerogél a ukotvi na
textiny material. Vyberom prekurzorov
organosilanov sa dosahuju povrchové upravy
s pozadovanymi vlastnostami.

Ciastoéne hydrofébny povrch tkanin zo
syntetickych vlakien je vhodné predupravit
difuznym plazmatickym vybojom, pri ktorom

sa na povrchu vytvoria hydrofilizujuce
skupiny ako -NH;, -OH, na ktoré sa
organosilanové skupiny lepSie ukotvia

a zvysuju permanentnost’ Upravy po prani.

2. VYSKUM V OBLASTI
HYDROFOBNYCH NANOSOLOV

Pocas vzniku solov a gélov prebieha v ramci

hydrolyzy a kondenzacie niekoflko

paralelnych reakcii:

- reakcie medzi vychodiskovymi latkami

- reakcie medzi vychodiskovymi latkami a
produktmi

- vzijomné interakcie produktov

- interakcie vSetkych zucCastnenych zloziek

Deje v takychto systémoch spifaju vsetky

poziadavky na ich zaradenie do skupiny

chaotickych dejov.
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Obr. 1 Kysla katalyza —
malo rozvetveny polymér
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Obr. 2 Alkalicka katalyza —
silne rozvetveny polymeér

Tab.1 Hodnoty statického kontaktného uhla nameraného po uUprave textilie nanosdlom pripravenym

alkalickou a kyslou hydrolyzou

katalyzator mnozstv’o riedidlo la] staticky kontaktny uhol [°]
koncentratu 100% ba | ba/PES 50/50% | 100% PES
alkalicky 109 izopropanol | 150 <90 <90 100
kysly 10g izopropanol | 150 139 141 118

Z ponukanych obchodnych prostriedkov bola
pre nas vyskum vybrana zmes prekurzorov
organosilanov v ktorej na zakladnu kremicitu
skupinu su naviazané organické retazce pre
zvysenie hydrofébnosti, rovnomernosti
rozvrstvenia po povrchu a zaroven reakéné
skupiny pre vazbu siloxanového
kohydrolyzatu na textilné viakna.

Z dostupnych organosilanov boli vybrané
nasledovné:

TEOS tetraetoxysilan

MTMS metyl trimetoxysilan

VTES vinyl trietoxysilan

OCTEO oktyl trietoxysilan

Overovali sme hydrolyzy prekurzorov kyslou
aj zasaditou katalyzou.

V kyslom prostredi sa prednostne tvoria malo
rozvetvené polyméry av alkalickom zase
silne rozvetvené polymeéry.

Rozdiely medzi kyslou a alkalickou
hydrolyzou sme sledovali meranim
kontaktnych uhlov na povrchu textilnych
materialov. Zistené rozdiely pravdepodobne

mozu byt spdsobené rozlozenim

hydrofébnych retazcov v Strukture

vytvoreného gélu na povrchu textilného

substratu.
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V tabulke 1 su uvedené vysledky hodnotenia
ucinnosti hydrofébnej vrstvy kohydrolyzatov
pripravenych v mierne kyslom a mierne
alkalickom prostredi

2.1 Priprava kohydrolyzatu

Boli pouzité prekurzory TEOS, OCTEO,
MTMS, VTES.

Rychlost’ hydrolyzy pre jednotlivé prekurzory
je rdzna. Podla urovne pH rychlost’ hydrolyzy
v kyslom prostredi stupa sjej klesajucou
hodnotou. Pre nase ucely je vhodné mierne
kyslé prostredie.

Ako nosic¢ pre riedenie v nevodnom prostredi
sme pouzili izopropanol.

Pri priprave sme postupovali nasledovne:
presné mnozstvo prekurzorov sme zmiesali
S nosicom (izopropanol) a vodny
roztok katalyzatora v izopropanole  sme
davkovali po kvapkach za staleho mieSania,
aby nevznikali miestne zhluky reakcnych
zmesi (pri slabom mieSani sa vytvaraju
zhluky kalného gélu). Po skon&eni reakcie je
kohydrolyzat vo forme koncentratu stabilny
aje pripraveny na pouzitie. Koncentrat
kohydrolyzatu sme riedili na pracovnu
koncentraciu.
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EHT £ 5.00kV  Mag =T00.13 K X
Signal A=InLens WD= 4mm

Obr. 3 Nerovnomerne upraveny povrch textilie
Pri aplikacii nanos6lu na textiliu sme
registrovali nasledovné vplyvy:
Pri  nespravnej priprave
pripravili sa nerovnako velké Castice,
nasledna uprava vytvorila na povrchu
ostrovCeky siloxanov, ktoré su od seba
vzdialené a vedfa su neupravené plochy.
Kohydrolyzat je na textinom povrchu
rozmiestneny v ostrov€ekoch, ktoré sa
chovaju ako ihly, kde sa kvapky vody
»napichnu“ a neroluju na povrchu (minimalny
samodistiaci efekt) (Obr. 3).

Nanos kohydrolyzatu je rovnomernejSie
rozmiestneny na textilnom povrchu, kvapka
vody roluje po povrchu pri miernom naklone
(kvalitny samocistiaci efekt) (Obr. 4). Pre
samocistiaci efekt je potrebné dosiahnut, aby
uhol rolovania kvapky na povrchu textilie bol
¢o najmensi.

Pre zlepSenie hydrofébneho efektu bol
pripraveny kohydrolyzat vinom pomere
jednotlivych prekurzorov a pouZili sme kyslu
katalyzu. Vysledky su uvedené v tabulke 2.
Sol-gél uprava sa uplatfiuje ako konecny
technologicky proces v textilnej vyrobe.
Uprava textilnych materidlov sa vykonava
beznou technoldgiou, impregnaciou v kupeli
na fularde. Upraveny textiiny material sa

kohydrolyzatu,
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EHT = 5.00kV  Mag =589.56 K X

LEO1550 Signal A=InLens Wwo= 4mm

Obr. 4 Rovnomerny nanos ¢astic siloxanu

nasledne suSi afixuje. Sledovali sme
posobenie teploty na vzhlad textilii. Pre
tkaniny zo 100% PES azmesi PES/Ba
Uprava nespOsobuje Zltnutie do teploty
150°C.

3. METODY MERANIA HYDROFOBNYCH
VLASTNOSTI TEXTILIi

Pre hodnotenie hydrofobnej

pouzili nasledovné metody:

- Meranie statického kontaktného uhla —
goniometer DSA 30

- Meranie dynamického kontaktného uhla
- goniometer DSA 30

- Uhol rolovania po Sikmej ploche - Roltest

- Efekt samodistenia — spray test

upravy sme

Na meranie kontaktnych uhlov bol pouzity
pristroj Goniometer DSA 30 od fy Kriss
s vlastnym  softwarom na  stanovenie
kontaktnych uhlov, volnej povrchovej energie
a povrchového napatia. Na meranie uhla
rolovania sme pouzili pristroj Roltest
z vlastného vyvoja VUTCH - CHEMITEX,
spol. sr. 0.
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Obr. 5 Pristroj Goniometer DSA 30 na
overovanie kontaktnych uhlov a volnej
povrchovej energie

Obr. 6 Pristroj Roltest na stanovenie uhla
rolovania kvapky vody

Obr. 7 Pristroj Spray test - hodnotenie hydrofébnej u€innosti

4. VYSLEDKY HYDROFOBNEJ UPRAVY
TEXTILIi NANOSOLMI

Vzhlfadom na zistené nedostatky ucinnosti
povodnej hydrofébnej upravy anizku
hodnotu statického kontaktného uhla bol
pripraveny kohydrolyzat vinom pomere
prekurzorov za pouzitia kyslej hydrolyzy.
Vysledky su uvedené v tabulke 2.

Hodnoty statického kontaktného uhla na
arovni 135-145° sa  povazuju za
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superhydrofébny povrch. PouZitim vybranych
koncentracii prekurzorov sme dosiahli dobré
hydrofébne vlastnosti najma pre tkaniny zo
100% PES .

Zmesné tkaniny podla nameranych hodnét
su dobré, avSak sledovanie doby pocas
ktorej kvapka vydrzi na povrchu textilie po
prani, poukazuje na nedostatoCné ukotvenie
uUpravy. Bavinena tkanina po prani
nevykazuje hydrofébne viastnosti.
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Tab. 2 Dosiahnuté vysledky hydrofébnej tpravy na textilii zo 100 % PES,
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100 % Ba a zmesi PES/Ba

uhol rolovania [°]

staticky kontakt. uhol [°]

staticky kontakt. uhol [°]

koncentrat pred pranim pred pranim po 5 nas. prani
100% ba/PES 100% | 100% ba/PES 100% | 100% | ba/PES 100%
ba 50/50 PES ba 50/50 PES ba 50/50 PES
10gKIS+50 | 353 | 242 | 371 | 135 | 1407 | 1204 | - | 1281 | 1295
izopropanol
109KI3+100 | 534 | 275 | 365 | 135 | 14090 | 1302| - | 1241 | 1282
izopropanol
konkurencna 19 1317 1299
vzorka

Obr. 8 Kvapka vody na neupravenej 100% PES

tkanine

Obr. 10 Kvapka vody na neupravenej tkanine

PES/ba 50/50%

Vlakna a textil (3) 2010

tkanine
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Obr.9 Kvapka vody na upravenej 100% PES

Obr.11 Kvapka vody na upravenej tkanine
PES/ba 50/50%
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Obr. 12 PES tkanina upravena nanosolom
zaspinena ke¢upom

5. ZAVER

Vyskum pripravy nanosélov, na baze
prekurzorov  siloxanov aich aplikacia,
v naSich podmienkach dosiahli uroven v
ramci ktorej vieme:

- stanovit podmienky zmesovania

jednotlivych zloziek
- zabezpelit dosiahnutie stability roztoku
nanosolu a reprodukovatelnost pripravy
nanosolov
- zabezpecit stabilitu ,pravych® roztokov
nanosolov.
Preukazané vysledky v tejto praci, potvrdené
prezentaciou efektu samocistenia povrchu
textilie, potvrdzuju opodstatnenost
povrchovej upravy textilie, ktora tymto
spbsobom ziska kvalitativne vysSiu hodnotu.
Dalsi postup vyskumnych prac bude
orientovany najma na:
- zvySenie urovne permanentnosti Upravy
na povrchu textilie t.j. vyraznejSie zlepsit
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Obr. 13 Tkanina na spray teste - ke€up je
praudom vody odplaveny

ukotvenie (naviazanie) kohydrolyzatu na
povrch textilie

- aplikaciou vyskumu doplnkovych
prekurzorov  zlepSit aj hydrofébne
vlastnosti bavinenych tkanin aich zmesi
so syntetickymi viaknami

- aplikacné podmienky nanosolov
prispésobit’ charakteru textilii podfa ich
ucelu pouzitia (napr. markéry, technické
textilie, bytové a odevné textilie).

Dlhodoba perspektiva vyskumu nanosélov
na baze organosilanov je smerovana do
Specialnych oblasti napr. antimikrobialne
nanosoly, elektrovodivé nanosély a pod.

Pod'akovanie: Tento prispevok bol vypracovany na
zéaklade vysledkov ziskanych v rdmci
vedeckotechnického projektu APVV-P-0023-09
-Vyskum, priprava a zavedenie vyroby nanosoélov na
nanosStrukturdlnu modifikaciu textilnych materialov”
financovaného z prostriedkov Agentlry na podporu
vyskumu a vyvoja v Bratislave.



Z vedecko-vyskumnych a vyvojovych pracovisk News from Departments

APPLICATION OF NANOSOLS USING SOL-GEL TECHNOLOGY AIMED AT
ACHIEVEMENT OF SUPERHYDROPHOBIC TEXTILE SURFACES

Translation of the article
Aplikacia nanosolov prostrednictvom sél — gél techniky s cielom ziskania
superhydrofébnych textilnych povrchov

Application of nanosols prepared on the basis of precursors from organosilanes is one of
methods used for nanostructuralization of textile surfaces focused on enhancement of their
hydrophobic properties and achievement of a self-cleaning effect (lotus effect). Own results
of preparation of the nanosols achieved up to now and their application on selected textiles
are presented in the lecture. Besides methods for evaluation of superhydrophobic properties
(rolling angle, wetting angle, dynamic angle, REM images etc.) are mentioned as well. Ways
how to achieve permanent superhydrophobic finish of textiles are indicated in next part of the
presentation.

The contribution has been elaborated in the frame of the scientific-technical project VMSP-P-0023-09
.Research, preparation and introduction of manufacture of nanosols for nanostructural modification of textile
materials” financed from the means of the Slovak Research and Development Agency (APVV), Bratislava.

Tento prispevok bol prezentovany na narodnej odbornej konferencii ,TEXTIL V BUDUCNOSTI* konanej 19-20
maja 2010 v Ziline, Slovenska Republika.
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