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EFFECT OF TWO TYPES OF SOFTENERS AND WEFT

COMPOSITION ON THERMAL COMFORT CHARACTERISTICS OF

DENIM FABRICS
V. Bajzik, M.M. Mangat and L. Hes

Technical University of Liberec, Faculty of Textile Engineering, Department of Textile
Evaluation, Studentska 2, Liberec, Czech Republic
vladimir.bajzik@tul.cz

Abstract: Denim manufacturers apply certain textile auxiliaries on denim clothing in industrial
clothing washing process to impart assured properties. Such treatment modifies the thermal and
sensorial characteristics of denim clothing. For this study two sets of denim; traditional denim by
using cotton yarn as warp and weft and novel denim by using cotton yarn as warp and spun PP
yarn as weft. These sets were desized, rinsed, bleached and treated with cationic and silicone
softeners. Impact of weft variation and application of two distinct softeners was studied. This
investigation was carried out by using the Alambeta thermal comfort tester and by conducting a
survey. The study reveals that in both cases people prefer hand feeling of denim treated with
silicone softener as compared to cationic softener but this conclusion is not statistically significant.
Moreover, people state that traditional denim treated with silicone is less cool, which is also
verified by the Alambeta. However, in the case of novel denim, there is a contradiction in the views
of evaluators and the Alambeta results.

Keywords: thermal conductivity, thermal resistance, thermal absorbtivity, subjective evaluation,

cationic and silicone softness

1 INTRODUCTION

Denim is one of the most popular fabrics
used for the manufacturing of assorted types
of clothing. Significance of subjective
evaluation remains one the most critical
factors for the marketing of the textile
material [1]. Majority of the denim is treated
with different textile auxiliaries to have a
definite look and hand feeling. Silicone and
cationic softeners are most frequently used
to have a better hand feeling and to advance
the smoothness of the denim surface [2, 3].
At the same time, there is an implicit change
in thermal parameters. Any variation in
thermal  parameters can alter the
comprehensive clothing comfort recognition.
However, prime objective of softener
application is to have a greater degree of
hand feeling.

Thermal properties of textiles are main part
of total hand value (THV). These ones are
touched immediately during the first contact
between textiles and skin [4]. Thermal
parameters hinge on the chemical and
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physical structure of any material. It is also
logical for textile material. Fabric is made by
using various fibers. Moreover, there are
many ways to make a yarn and its
application to make a fabric. Other than
chemical properties of fiber, density of fibers,
surface treatment, filling coefficient,
compressibility of fabric, etc. play a
consequential role in thermal parameters of
fabric [5, 6].

Softeners stick on the surface of fabric, and
this leads to the modification of the surface.
This modification is the rationale of change in
thermal and sensorial parameters. It may be
a blockage of pores, change in the rigidity,
alteration in thermal conductivity and thermal
resistance.

People are doing their best to develop
instruments able to project the comfort of the
textile material having a high correlation with
the subjective evaluation. In spite of all
efforts, significance of subjective evaluation
cannot be underestimated [7, 8].

This study is restricted to measure impact of
softeners on denim and comparison of
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cationic and silicone softeners. Selection of
these two softeners is based on the common
routine of the industry. During industry
survey, it was observed that in most of the
cases these two softeners are applied.
Nevertheless, in some cases special
softeners are also applied. Subjective
evaluation of hand (THV) is major part of
hand — warm/cool feeling. The results of
subjective hand were compared with three
objective measured thermal parameters [9]:
A)  thermal conductivity A [W m™'K™]
Thermal conductivity (A) describes the ability
of material to allow transfer of heat from one
meter square area trough a distance of one
meter. Polymers have the lowest thermal
conductivity, whereas, metals have the
highest thermal conductivity. Thermal
conductivity of softeners is different from the
cotton since both have different chemical
structure. Thermal conductivity of textile
ranges from 0.033 to 0.1 [W m™'K™].

B)  thermal resistance R [m*KW]
Thermal resistance is calculated by using
thermal conductivity (A) and height (h) of the
material.
R=h/A (1)
Above equation demonstrates that resistance
depends upon the thermal conductivity and
thickness of material. There is an
inconsequential different in the thickness of
fabric due to application of softeners.
However, there is an undeniable difference in
thermal conductivity, which will change the
thermal resistance.

C)  thermal absorbtivity b [Ws"?m2K]
Thermal absorbtivity is an indicator of the
warm and cool feeling of the material. It was
introduced by Hes [9].

Table 2 Industrial washing description

Textile Materials

b = Vipc (2)
where b is the thermal absorbtivity, p is the
fabric density and c is the specific heat
capacity. Higher values of thermal
absorbtivity indicate the cool feeling of the
material in initial contact. The values of the
thermal absorbtivity of textile materials lie is
in the range from 20 to 600 [10].

Alambeta is an instrument which is
commonly used to measure above
mentioned thermal parameters was used for
objective evaluation.

2 EXPERIMENTAL PART

2.1 Material

Two set of denim samples; traditional and
novel denims were prepared (Table 1).
These samples were passed through
industrial washing and finally applied cationic
and silicone softeners (Table 2) by using
different textile auxiliaries (Table 3).

Table 1 Sample description

description traditional denim :ov_el
enim
warp Yarn cotton cotton
warp Textile 49.25 49.25
warp set 27.17 27.95
[yarns.cm ]
weft Yarn spun cotton
polypropylene
weft Textile 54.00 49.00
weft set 18.90 18.90
[yarns.cm ]
weave twill 3/1 Z twill 3/1 Z
weight [g.m™] 236 230

washing type

desizing + H,O, treatment +
silicone softener

desizing was done using Lenitol EHDS (0.75ml/l), Sitafon D (0.375 ml/l) and
Fortress ECO2 (0.5 ml/l) at 60°C for 15 min followed by rinsing with water at
ambient temperature. Finally samples were treated with H,O, (4 g/l) at 60°C for 5
min. After that applied silicone softener Rucofin GWE (3.75 g/l).

desizing + H,0, treatment +
cationic softener

desizing was done using Lenitol EHDS (0.75ml/l), Sitafon D (0.375 ml/l) and
Fortress ECO2 (0.5 ml/l) at 60°C for 15 min followed by rinsing with water at
ambient temperature. Finally samples were treated with H,O, (4 g/l) at 60°C for 5
min. After that applied cationic softener Belfasin OET (4 g/l).

Vlakna a textil (4) 2011 4
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Table 3 Textile auxiliaries details

Textile Materials

No. | name description manufacturer/supplier
1 Lenitol EHDS amylase enzyme used for desizing CHT, GMBH

2 Sltafon D wetting agent Mukashi Pakistan

3 Fortress ECO2 anti back-staining agent Mukashi Pakistan

4 Belfasin OET cationic softener Cognis

5 Rucofin GWE silicon softener Rudolf Chemical

2.2 Subjective Evaluation

For the subjective evaluation following

procedures has been adopted:

1. Subjective hand evaluation (THV) were
realized using 7 degree ordinal scale (1 —
hand is very bed, 4 — hand is average, 7
— hand is excellent)

2. Warm/cool feeling after 2 second contact
between hand and textile was tested
using 7 degree ordinal scale (1 — feeling
is cool, 4 — feeling is average, 7 — feeling
is warm)

3. A group of 30 people (18 males and 12
females) were formed. Majority of the
group members were linked with textile
industry and user of denim.

4. All evaluators were briefed about the
process. The evaluation was realized
without looking at the sample and so they
were not affected by appearance of the
samples. For this purpose a box with two
small holes for hands was provided so
that the judgers could evaluate the
samples comfortable.

5. All investigations were made in the room
under laboratory conditions.

6. The objective of the study is to find any
diversity between the two sets of denim
samples treated in two different ways
(Table 2) with cationic and silicone
softeners. Keeping it in view following
questions were formed:

a) What is your opinion about the overall
hand of this sample?

b) In initial two seconds, do you feel that
the fabric is cool?

Vlakna a textil (4) 2011 5

3 RESULTS AND DISCUSSION

3.1 Kendall's Coefficient of
Concordance

Kendall's coefficient is a measure to assess
the common ranks among the observers. It
ranges from 0-1. If the coefficient is 1, it
means that there is a complete agreement
among the observers and if it is zero, it
means that there is a no agreement among
the group and people have diverse view
about the product. Following procedure has

been adopted to calculate Kendall’s
coefficient of concordance W [8]
12SSR
W = 3
K?n(n? —1) )
where

SSR=ZR2—$

where R is total of row (sum of values given
by evaluator to two different sets of denims),
n is number of items, K is number of sets of
ranks.

Table 4 indicates that in all cases
significance K(n-1)w is greater than the y?
values, which means that it can be rejected
the null hypothesis, which claims that there is
no common ranking. Values given in Table 4
provide enough information to conclude that
there is a substantial agreement among the
observers. It is an indicator that judgment is
valid and since the degree of association
among the observers is significant [8].
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Table 4 Kendall’'s coefficient of concordance W

Textile Materials

questions SSR w K(n-1)W X oos(n-1)
What is your opinion abqut the overall comfort of the 13920 0.0041 1796 0.0034
sample? (traditional denim)

— — 5
In |n|_t|§1l two segonds, do you feel that fabric is cool? 113.47 0.0034 1 464 0.0034
(traditional denim)
What is your opinion about the overall comfort of the 161.87 0.0048 2089 0.0034
sample? (novel denim)

- — 5
In initial twp seconds, do you feel that fabric is cool” 208.30 0.0062 2 688 0.0034
(novel denim)
3.2 Median Comparison
Following procedure has been adopted for D —05+d<Med<H-05+h (8)

calculation of the estimation of the population
median Med and its (1-a)% confidence
interval [11]. At first the estimation of the
median of ordinal scale XM is determined by
formula

F,. —0.
XM = Me + 0.5 — e =02 (4)

Me

where Me is median category which is
defined by inequalities

Fues <0.5 and F,,, >0.5 (5)

where: Fye is cumulative relative frequency
in median category and fy. is relative
frequency in median category. In following
step values Fp* and Fy* are calculated

0.5u

Jn

where U147 is the quantile of standardized
normal distribution. On the basis of these
values correction d and h are determined

(F;,F;)=05+ (6)

* *

FD B FD—l and h= FH B FH—l

D H

d= (7)

Cumulative relative frequencies Fp and Fy
are defined by inequalities

for Fp: Fo, <F
and for F:  F,, <F,

F, >F)

*

and

and L > Fy

100(1-a) confidence interval of Med is then
given by
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Results of subjective hand evaluation using

11-degree ordinal scale are presented in

Table 5. All calculations were carried out for

a=0.05. From presented results can be

derived following conclusions:

1. People prefer silicone treated denim as
compared to cationic softener treated
denim, but results are not statistically
significant.

2. In the case of traditional denim, cationic
treated denim gives a cooler feeling as
compared to silicone treated denim. In
case of novel denim, cationic treated
denim gives the same cool feeling for
both types of softeners.

3. Considering the above discussion, it can
be concluded that people will prefer
silicone treated denim if they are
provided a chance to do the selection
from the two different types of denim
which are under testing.

3.3 Comparison based on gender
Evaluator group was consisting of male and
female members. Mean comparison was
conducted to identify any significant variation
between male and female. Table 6 explains
that in response of two asked questions,
there is no significant different in the mean
values of the two distinct groups.

3.4 Objective
parameters
Denim samples were tested by using the
Alambeta to measure thermal conductivity,
thermal absorbtivity and thermal resistance.

evaluation of thermal
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Each sample was measured 5 times. Table 7
provides the mean value of the measured
values. The variation coefficient for all tested
samples does not exceeded 10%. Following
conclusion can be derived from the Table 7:

Textile Materials

the silicone treated denim will provide
less cool feeling as compared to the
cationic treated one.

Thermal resistance of the silicone treated
traditional denim is comparable with that

1. In both cases, thermal conductivity of of the traditional denim treated with
silicone treated denim is higher than that cationic softener. Thermal resistance of
of the cationic treated denim, but the novel denim treated with silicone softener
differences are not statistically significant is higher than thermal resistance of the
at a=0.05. novel denim treated with cationic

2. In both cases thermal absorbtivity of the softener.
silicone treated denim is lower than at the
cationic treated denim. It indicates that

Table 5 Median and 100(1-a) confidence interval

median confidence . confidence
. median XM .
. XM interval - interval
question (cationic (silicone
softener) low high softener) low high

What is your opinion about the overall

comfort of the sample? (traditional denim) 4.75 3.83 542 6.17 5.27 6.76

!n initial two §_econds, dp you feel that fabric 4.05 3.56 455 3.90 3.30 4.44

is cool? (traditional denim)

What is your opinion about the overall 517 4.76 6.06 5.50 4.90 6.17

comfort of the sample? (novel denim)

!n initial two secongis, do you feel that fabric 3.94 3.35 455 4.50 3.61 5.39

is cool? (novel denim)

Table 6 Comparison among males and females by using ANOVA (traditional and novel denim)

sum of squares df mean square F sig.
Icr:)(;rlgtlal two seconds, do you feel that fabric is 2812 y 2812 1611 | 0207
What is your opinion about the overall comfort of 0.006 y 0.006 0003 | 0.959
the sample?

Table 7 Comparison of thermal conductivity, thermal absorbtivity and thermal resistance of traditional

and novel denim

thermal thermal thermal
washing description conductlwty absorbtlwty resistance
Wm'K"] [Wm?Zs"’K™] [Km’W™"]
desz_gd, bleach and applied silicon softener 0.054 1355 0.0206
(traditional denim)
desz_e@, bleach and applied cationic softener 0.051 139.5 0.0214
(traditional denim)
desized, pleach and applied silicon softener 0.050 1355 0.0234
(novel denim)
desized, b!each and applied cationic softener 0.049 155.5 0.0210
(novel denim)
Vlakna a textil (4) 2011 7
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4 CONCLUSION

Subjective evaluation of overall comfort
indicates that traditional and novel denim
treated with silicone softener as compared to
the denim treated with the cationic softener
has a better hand feeling but differences are
not statistically significant. Moreover, people
feel that traditional denim treated with
silicone softener is warmer as it was verified
and it is verified by the results from the
Alambeta, which gives lower values of
thermal absorbtivity thus confirming warmer
contact. Nevertheless, in case of novel
denim we found a difference in the
observation of people and values by the
Alambeta, which indicates that people feel
difficult to assess the warm-cool feeling in
case of novel denim. In addition to the
Alambeta values indicate that thermal
conductivity of silicone treated of traditional
and novel denim is higher than thermal
conductivity achieved by the cationic
softener.

Textile Materials
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VLIV DVOU TYPU ZMEKCOVADEL A SLOZENi UTKU NA TEPELNE
CHARAKTERISTIKY KOMFORTU DENIMU

Translation of the article
Effect of two types of softeners and weft composition on thermal comfort
characteristics of denim fabrics

Vyrobci denimu pouzivaji pro zlepSeni vlastnosti textilni pomocné pfipravky. Toto zpracovani
ovliviiuje senzorické a tudiz i tepelné slozky komfortu. V &lanku je popsan vliv dvou typl
zmékcCovadel na hodnoceni omaku a na tepelné charakteristiky komfortu (tepelnou vodivost,
tepelnou jimavost a tepelny odpor) u denimovych tkanin, kde jedna tkanina ma v utku
bavinénou a druha polypropylénovou pfizi. Vysledky ukazuji, ze u materiald, kde bylo pouzito
silikonové zmékc€ovadlo, jsou tkaniny hodnoceny lépe nez u tkanin, které byly zmékcéeny
kationtovym zmékCovadlem. AvSak rozdily v hodnoceni jsou statisticky nevyznamné.
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PHOTOCATALYTIC GLASS FIBERS PREPARED BY
SOL-GEL METHOD

A. Chladova, J. Wiener, P. Exnar and M. Spaldova

Technical University of Liberec, Czech Republic
andrea.chladova@tul.cz

Abstract: The maintenance and improvement of current properties and the creation of new
material properties are the most important reasons for the functionalization of textiles. This work is
aimed at the exploitation of the TiO, sol-gel method for its photocatalytic effect on glass fibers. The
aim was to optimize the temperature of fixation prepared layers, and find the right concentrations
of TiO, for the photocatalytic effect on ascorbic acid in solution as model chemicals.

Key words: photoctalytic, sol-gel, titanium dioxide.

1 INTRODUCTION

Sol gel method

Under the abbreviation “sol gel method” is
the proposed application of sol to fiber
surfaces, where the sol will be changed into
gel. The principle of the sol-gel method is the
preparation of the homogeneous solution of
fundamental components, which is then
transferred into sol by controlled hydrolysis
and polycondensation [1, 2]. This sol is
deposited on the surface of materials,
transferred into gel and finally onto a layer of
oxide via heat treatment. The layer of oxide
is nonporous and glassy or crystalline at
higher temperatures of heat treatment.
However, at lower temperatures of heat
treatment it stays amorphous and porous. In
production and for research purposes SiO;
and TiO, layers are deposited most often.
Also, layers of many other constitutions
containing Al,Os3, By0O3;, ZrO,, PbO and
another oxide are usually prepared. Along
with  clearly inorganic layers, hybrid
inorganic-organic layers are also developed
(production terms ORMOCER, ORMOSIL
and NANOMER) which contain chemical
bonds of organic substances and functional
groups next to silicon, titanium, zirconium
and oxygen.

In the surface treatment of polymer
structures it is necessary to use hybrid layers
based on a mixture of inorganic and organic
polymer compounds, which are joined, at the
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end of process, to one macromolecular
network. The inorganic part is connected with
chemical, mechanical and thermal stability.
The organic part is works as a networking
agent and increases the stability of layers
against the chemicals selected. In some
hybrid polymers, metal complex bonds are
used to increase stability. These hybrid
layers are able to stabilize at relatively low
temperatures of about 100°C.

Preparing very thin layers (10 up to 500 nm
thick) of composite nanomaterials is further
possibility with this method [1].

Layers prepared by the sol-gel method are
industrially used like reflex and antireflex
layers in optics; protective, catalytic, modified
and functional layers in material engineering;
and functional layers in microelectronics and
biotechnology [1, 2].

Changing surface materials properties is
possible with deposition functional groups or
with an inorganic top coat using the sol gel
method. One of advantages of this method is
the possibility to prepare thin layers on
various materials. Up to now, mainly
inorganic substrates (glass, ceramic, metals
etc.) were used, however, thin layers can
also be deposited on organic materials
especially on polymers. Using this method it
is possible to prepare TiO, layers with
photocatalytic properties or coloured of
substrates [2].
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Photo-catalytic

Photo-catalytic is a photochemical reaction.
The acceleration of this reaction is helped
along by presence of catalyst. Photochemical
reactions invite absorption of lights by
materials, whose molecules are broken up by
absorbed energy, ions or atoms.

Observing the photo activity of nano particle
TiO2 in real time is of scientific interest.
Titanium dioxide belongs to the most used
photo-catalysts. Photo-catalytic, an effect of
TiO2 by the instrumentality of UV radiation at
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the normal temperature, makes it possible for
oxidative decomposing of organic structures,
and also bacillus [3]. The result of these
effects is the breakdown of all organic
materials to elemental inorganic
components.

Photo-catalytically reactions are exploited for
cleaning of water and air. This technology is
able to prevent the contamination of the
outside wall of buildings, preventing the
misting of frontal glass and driving mirrors of
cars [4, 9-12].

'-4' Supercritical & e 9
R Ban Oryi o, FoR

nnnnnnn
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Figure 1 Steps of the sol-gel processing of materials and examples of the microstructure of final
products. Bold-lined rectangles show possible final of the sol-gel method [7]
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Figure 2 Schematic diagram of the mechanism for the photocatalytic action of nano-structured TiO,

(8]
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When a semiconductor, such as TiO;
absorbs a photon of energy that is equal to
or greater than its band gap width (Eg in
case of TiO, amounts to 3.2 eV), an electron
(e") may be promoted from the valence band
(VB) to the conduction band (CB) thus
generating an electron vacancy — “hole”
(h).The electron and the hole can migrate to
the catalyst surface where they participate in
redox reactions with different species
adsorbed on catalyst surface. Holes can
react with surface-bonds H,O or OH™ to
produce the hydroxyl radical. Electrons,
during a reaction with oxygen, can generate
superoxide radical anion. The hydroxyl
radicals (OH") and superoxide radical anions
are supposed to be the primary oxidizing
species in photocatalytic oxidation
processes. These oxidative reactions could
result in the degradation of an acid [6].

(1)
(2)
(3)
(4)
S

TiOo+ hv — e o + h+vb
h+vb + H,O — *OH + H*
h*w + OH™ — *OH

h*w + R > R"

€t 02— Oz

2 MATERIAL AND METHODS

2.1 Materials
Microfiber glass textile structure
The substrate used (Spepat-F, Czech

Republic) was a laboratory filter material
Z75, which was made from 100% glass
microfibers. Areal density of the material
used was 75 g.m?. Average diameter of
fibers is about 1 um.

Sol description

Sol TiO is prepared on bases tetraisopropyl
orthotitanate and isopropyl alcohol as
solvent. Concentration of sol was 1.3 g
TiO2/100 g solution.

Ascorbic acid

Ascorbic acid was purchased from Lach-
Ner,s.r.o., Czech Republic and used without
further purification. Its structure is given in
Figure 3.

Structure of ascorbic acid is relatively
complicated and it contains some double

Vlakna a textil (4) 2011 11
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bonds — this structure absorbs intensively
light in UV light below 290 nm (Figure 3).
Aeroxide P25 (Degussa)

Degussa P25 is a fine crystalline powder
without a smell; its specific surface area is
50+15 m>.g™", and its moisture is < 1.5 wt%.
Degusa P25 has a composition structure of
70% anatase and 30% rutile.

Into the tested sol were added TiO, particles
(Degussa P25) in concentrations of 1, 2, 5,
10, 15and 20 g.I"".

HQ H
HO OH

Figure 3 Structural formula of ascorbic acid

2.2 Methods

Sol-gel application

The concentration of titanium dioxide 1, 2, 5,
10, 15 and 20 g.I"" was dispersed into a 50
ml sol-gel solution. The TiO, layer was
deposited on the material in with the stipple
foulard method (W. Mathis, Switzerland) with
a horizontal cylinder pressure at 4 bar and
speed of pass 1 m.s’. The impregnated
samples were dried at laboratory
temperature for 20 min, and then for fixation
at a temperature of 150, 250, 300 and 400°C
in a drying machine (EPS, Czech Republic).
Measurement of photo-catalytic activity
Testing of photo-catalytic was based on
oxymetr measuring. The dissolved oxygen
was measured by Oxi 315i with sensor
CellOx325. The quantity of oxygen in closed
system is reduced by the photo-catalytic
process in liquid system. This system was
irradiated by UV light at 256 and 366 nm.
The system is presented as Figure 4.
Measured “photo - catalytical degree” is
calculated from the rate of O, concentration
decrease in the system during the test.
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Figure 4 Schematic diagram of the experimental
setup: (1) UV lamp; (2) polyethylene foil; (3) layer
with TiO,; (4) magnetic stirrer; (5) sensor
CellOx325

The closed system contains a water solution
of model chemicals, of dissolved oxygen,
photocatalytic TiO, and an oxymetr sensor.
The total volume of water in this apparatus is
1000 ml. The impregnated samples were
dried at laboratory temperature for 20 min,
and then for fixation at a temperature of 150,
250, 300 and 400°C in a drying machine
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(EPS, Czech Republic). The homogeneity of
the system is supported by magnetic stirring
(300 rotations per minute). The experimental
arrangement is visualized in Figure 5.

The system was irradiated by a UV lamp (P-
Lab a.s., Czech Republic). The light source
used is alight tube with an input of 8 W with a
light emission of 366 nm. The distance
between the light tube and tested solution
was 20 mm. Every 2 minutes the
concentration of oxygen in the system was
measured. The temperature was 19°C for
standard experiments. Between the UV light
source and the closed system is placed the
transparent polyethylene foil (Chemosvit a.s,
Slovak Republic, thickness 30 um, area
weight 27.6 g.m?). This foil reduces the
transport of oxygen between the air and
closed system to zero. Polyethylene foil
cannot absorb any UV light with a
wavelength above 220 nm. The mechanic
properties of foil help to easily close the
system.

190,00 240,00 290,00

340,00 390,00 440,00

wavelength [nm]

Figure 5 Absorption spectrum of used polyethylene foil
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Principle of measurement: The quantity of
oxygen diminishes in a closed system. In the
closed system there should by a solution of
model chemicals, which will be oxidized by
oxygen activated by photocatalys. In all of
the experiments was used ascorbic acid in
concentration 0.1 g™

3 RESULTS AND DISCUSSION

The photocatalytic effect was measured for
all prepared textile samples. The results are
collected in Figure 6.

The layer without TiO, nanoparticles is
inactive. The increased content of TiO;
particles in the layer is connected with the
increase of photoactivity. The optimal content
of TiO, particles in optimal heated layer is
about 5 g.I"" of sol.

The influence of sol-gel fixation on
temperature is  important, but the
interpretation of results is not easy. At low
fixation temperatures (150 and 250°C) we
can find more porous layers, the particles in
the layer are active in high concentration,
leading to the release of TiO, particles in
solution, increase of TiO, surfaces in solution
and thereby increasing the photocatalytic
effect. At higher temperatures (300 and
400°C) the structures of layers are more
stabilized by the reduction of surface area
and destruction of organic compounds in the
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gel. The samples fixed at higher
temperatures are mechanically more stable.
In the pictures from electron microscopy we
can see changes in the textile structure. The
original fibers are in the Figure 7, individual
fibers are not connected to other fibers, and
the surfaces are clean.

On the following Figures 8 and 9 are
compared the fibres structures with different
quantity of TiO, particles in layers. The
samples with low quantity of particles (1 or 2
g.I"") are covered by relatively even layer of
particles on each surface. The samples with
very high quantity of particles (15 or 20 g.I")
are covered by relatively even layer of
particles, but the considerable part of
particles is fixed in large aggregates with size
about 2 ym. These relatively large particles
are probably low photo-active, because the
photocatalyses is only on the accessible
surfaces.

Utilizing theTiO, based sol gel technique is
useful for glass fibers. The fibers are covered
by an even layer and only in some crossing
of fibers can we observe the layer connecting
fiber together. In Figure 10 it is possible to
see the film cracking because of thermal
stress.

In this work was not used any the test for a
proof the bonds. But you can expect that the
bonds are of a physical character.

—a— %

10 15 20

0 5
TiO, [g/1]
—e—150°C 250°C —&— 300°C —e— 400°C

Figure 6 Dependence of the concentration of TiO, particles on the degree of fixation at different

temperatures
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SEMMAG: 5.00 ke DET: BE Datecior ST WM A SEM MAG: 5.00 kx DET: BE Detector T R
Hv: 30.0 kv DATE: 0411510 10um Yega @Tescan Hy: 300 kY DATE: 040210 10 um Vega @Tescan
WAC: Hivac Device: TSE130 TU Liherec WAL Hivac Device: TES130 TU Liberec
Figure 7 Original fibres Figure 8 150°C, 2 g.I" — example of balanced
coverage of fiber particles at low particle
concentration

SEM MAG: 5.00k¢  DET: BE Detector S N | SEM MAG: 5.00 hos DET: BE Detectar M- T T S |
Hv: 30.0 kv DATE: 04/2310 10um “ega @Tescan H: 300 kY DATE: 04i04110 10 um Wega @Tescan
VAC: Hivac Device: T55130 TU Liberec WAC Hivac Device: TS5130 TU Liberes

Figure 9 150°C, 20 g.I" — example of uneven Figure 10 Combination of fiber and film cracking
coverage of fibers and particles, creating clumps due to stress
of particles at high particle concentration
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4 CONCLUSIONS

TiO, layers are interesting holders of TiO;
particles for the purpose of obtain high
photocatalytic properties on textile structures.
The optimal concentration of TiO, particles
was in our case 5 g of Degussa P25 particles
in one liter of sol. The optimal temperature of
stabilization is 400°C — the prepared layers
are mechanically stable and the layers are
intensively photoactive.

Acknowledgment: This study was supported within
the project noTA01010613.
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FOTOKATALYTICKA SKLENENA VLAKNA PRIPRAVENA METODOU SOL-
GEL

Translation of the article
Photocatalytic glass fibers prepared by sol-gel method

Clanek se zabyva vyuzZitim ukotveni TiO, &astic pomoci sol-gel metody na sklenéna vlakna a
vyuzitim fotokatalytického ucinku téchto vliaken. Cilem prace bylo optimalizovat teplotu fixace
sol-gel vrstvy a najit spravnou koncentraci TiO, pro fotokatalyzu. Ta byla testovana na
kyseliné askorbové, ktera slouzila jako modelova latka pfi stanoveni oxymetrickou metodou.
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PRIPRAVA A OVERENIE APLIKACIE ANORGANICKO-
ORGANICKYCH NANOSOLOV PRE HYDROFOBNU UPRAVU
TEXTILII

J. Sestak’, P. Deanko', M. Knapec', I. Krupa? a M. Valentin?

"Vyskumny ustav textilnej chemie - CHEMITEX, spol. s r.o., Rybniky 954, 011 68 Zilina
2Ustav polymérov SAV, Dubravska cesta 9, 842 36 Bratislava
jJjozef.sestak@vutch.sk, upolkrup@savba.sk

Abstrakt: Aplikacia sél-gél techniky je jednym z procesov moZnej ucinnej hydrofébnej Gpravy
textilnych materialov zo syntetickych, prirodnych a zmesnych vlékien. Popisuju sa postupy pripravy
a aplikacie nanosélu na baze organosilanov s vyuZitim podmienok fyzikalno-chemickej predupravy
textilie a finalnej tpravy s vyuZzitim UV Ziarenia a nizkoteplotnej plazmy. V ramci experimentalnej

Casti su uvedené vysledky dosiahnutej hydrofobnej upravy na 100 % bavine (Ba),

100 %

polyesterovej (PES) tkanine a zmesnej PES/Ba textilii. Uvedené su vysledky a metdédy z merania
kontaktného statického uhla a uhla rolovania kvapky vody na povrchu po Uprave a procese prania
textilie. V zavere su posudzované rézne vplyvy viakien, charakteru textilie a pouzitych podmienok pri
aplikacii nanosolu na dosiahnutt troven hydrofébnej Gpravy.

1 UvVOoD
Hybridy pripravené na baze sél-gél
technolégii nachadzaju Coraz CastejSie

vyuzitie v réznych oblastiach materialového

vyskumu aaj pri priemyselnych
uplatneniach.
Jednym z najinvencénejsich pristupov

k priprave réznych organicko-anorganickych
Struktur je spbsob zalozeny na sol-gél
procesoch alkoxidov a vybranych
prechodovych  kovov. Tieto  procesy
umoznuju pripravit v podstate neobmedzené

mnozstvo  najrozmanitejSich  hybridnych
Struktur ato aj pri laboratérnej teplote
S pouzitim ekologicky prijatelnych
rozpustadiel ako su voda resp. nizko

molekulové alkoholy [1].

Chémia sol-gél procesov je zalozena na
hydrolyze a polykondenzacii molekulovych
prekurzorov ako su napr. rozne alkoxidy
(silany, zirkonaty a pod.) [2]. Tieto reakcie
vedu kvytvoreniu anorganickych resp.
anorganicko-organickych trojrozmernych
sieti, ktoré moézu byt aplikované vo forme
kompaktnych blokov, naterov a tenkych
filmov. Pouzitie neagresivnych rozpustadiel
a nizkych tepl6t taktiez umozniuje zavedenie
organickych molekul. Rdézne anorganické
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a organické komponenty mézu byt navzajom
kombinované a Strukturované na
nanorozmerovej Skale. Vzniknuté organicko-
anorganické  hybridy  vykazuju  Siroké
spektrum  najrozmanitejSich  fyzikalnych
a uZzitkovych vlastnosti [3-10].
VSeobecné poznatky procesov pripravy
sblov a gélov potvrdzuju sucasny priebeh
hydrolyzy a kondenzacie prostrednictvom
niekofkych  paralelnych  reakcii. Tieto
zahfriaju reakcie medzi:
- vychodiskovymi latkami
- vychodiskovymi latkami a produktmi
- vzajomna interakcia produktov
- interakcie vSetkych zucCastnenych zlozZiek
s rozpustadlami
Z hladiska moznosti analyzy tohto deja
predstavuje dalSiu komplikaciu skuto€nost,
Ze vacsSina dejov je zdbévodu prudkého
narastu viskozity reakéne;j zmesi
nerovnovazna. Deje vtychto systémoch
spifaju vsetky poziadavky na ich zaradenie
do skupiny tzv. ,chaotickych dejov".
Predmetom vyskumu bolo vyuzitie
existujucich poznatkov tykajucich sa priamej
aplikacie soél-gél procesov veducich kich
vyuzitiu za ucCelom zosSlachtovania textilii
avlakien sdbérazom na ich povrchovu
modifikaciu veducu k dosiahnutiu vysokej
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hydrofébnosti textilnych materialov.
Hydrofébnost je najCastejSie
charakterizovana uhlom zmacania vodou.
Pokial je kontaktny uhol kvapky vody na
sledovanom povrchu vacsi ako 150-160°,
vtedy hovorime o tzv. superhydrofébnych
povrchoch [11]. V tomto pripade je mozné
oCakavat aj dosiahnutie samocistiaceho
efektu modifikovanych materialov.

Vyskumna Cast prace bola orientovana
najma na dosiahnutie kontrolovanej syntézy
organofunk¢nych solov s ciefom, po riadenej
aplikacii, vytvorit na povrchu textilii, zo 100
% PES, 100 % Ba a zmesi Ba/PES vlakien,

Struktary zabezpecdujuce vysoku
hydrofobicitu povrchu.

2 EXPERIMENTALNA CAST

Na zaklade poznatkov ziskanych

z predchadzajucich vyskumnych prac boli
nase postupy orientované najma na:
- optimalizaciu vychodiskovej zmesi
organosilanu s podielom aktivnej latky
- stanovenie technologickych podmienok
fixacie a zrovhomernenia nanosu sol-gél
vrstvy na textilnom povrchu
- posudenie vyberu rozpustadiel pre
aplikacie so6lu v priemyselnych
podmienkach.
Teoreticky, reakény produkt so vSeobecnym
vzorcom Si (OR)x (OH)y (OSi)z, moéze
obsahovat okrem vychodiskovej latky
dalSich Strnast zakladnych Strukturnych
jednotiek. Zastupenie jednotlivych
kondenzaCnych  produktov je vyrazne
ovplyviiované mnozstvom pouzitej vody.
Latkovy pomer alkoxysilanu a vody urcuje
potencialny obsah dimérov a linearnych
oligomérov, vySSi obsah vody dokonca
zvySuje obsah cyklickych tetra- a penta-
merov, ktorych obsah v konecCnej faze tvorby
gélu sa potvrdil aj metdédou nizkouhlového
rozptylu RTG Ziarenia.
Z uvedenych dévodov sme sa v naSich
experimentalnych pracach pri  priprave
nanoproduktov pre hydrofébnu Upravu snazili
nepouzivat ako reakCéné prostredie vodu.
NajvyhodnejSie  je  pouzivat  polarne
organické rozpustadla napr. alkoholy.
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Z hladiska dostupnosti je najvyhodnejsi
izopropanol, ktory ma nizSi obsah vody
v kvapaline (1 %hm., napr. etanol = 4-5
%hm.). Cast =zaciatoénych laboratérnych
experimentov bola vykonana s vyuzitim
etanolu ako zakladného rozpustadla. Z
praktickych dbvodov bol pre dalSi postup
pozivany vylu¢ne izopropanol.

2.1 Postup pripravy nanosélov

Predmetom naSich vyskumnych prac bola
priprava nanosolov na baze prekurzorov
organosilanov a overenie podmienok ich
aplikacie s cielom dosiahnutia urovne
hydrofébnej az superhydrofébnej Upravy so
samocistiacim efektom na povrchu
vybranych typov textilnych materialov. Pri
zmesovani organosilanov bol preskumany
optimalny podiel tetraetoxysilanov (TEOS)

oproti prekurzorom s jednou
nehydrolyzovatelnou skupinou a ich vplyv na
zmenu hydrofébnych  vilastnosti  textilii

sledovany prostrednictvom uhla rolovania
(UR) kvapky vody na povrchu textilie a
kontaktného statického uhla (KSU).

. = |~..;——w_-n-m—n_“mnnqam_. =

Obr. 1 Experimentalna linka na pripravu
nanosélov

Néadoba €. 1 - zdsobnik rozpustadla (objem 10 I)
Néadoba €. 2 - z&dsobnik katalyzatora (objem 2 1)
Néadoba €. 3 - reakéna nadoba na mieSanie
katalyzatora roztoku (objem 10 1)

Nédoba €. 4 - reakéna nadoba na vyrobu produktu
(objem 251)
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Tab. 1 ZloZenie vybranych typov nanosélov pre hydrofébnu upravu textilii

Nanosoél Materialové zlozenie Rozpustadlo Katalyzator
K13 TEOS + MTMS + VTES + OCTEO izopropanol 0,01N HCL
K15 TEOS + MTMS + GLYEO + OCTEO izopropanol 0,01N HCL
K16 TEOS + MTMS + GLYEO + HDTMS izopropanol 0,01N HCL
K17 TEOS + MTMS + GLYEO + HDTMS izopropanol 0,01N HCL

Poznamka: Kvalitativny rozdiel medzi nanosélom typu K16 a K 17 je v rozdielnych pomeroch jednotlivych

zlozZiek.

TEOS - tetraetoxysilan; MTMS — metyltrimetoxysilan; VTES — vinyltrietoxysilan; OCTEO — octyltrietoxysilan;
GLYEO - glycyltrietoxysilan; HDTMS — hexadecyltrimetoxysilan

Postupne bolo experimentalne pripravenych
a v laboratérnom rozsahu overenych celkom
11 receptur nanosolovych zmesi (s vyuzitim
organosilanov), z ktorych postupne boli po
ich optimalizacii vybrané pre dalSie
experimentalne prace 4 najvhodnejsie
receptury, ktoré su uvedené v Tab. 1.

Postup pripravy jednotlivych typov nanosélov
bol na zaklade Ilaboratornych skusok
a Stvrtprevadzkového overenia spracovany
do navrhov technologickych postupov, ktoré
su jednym z konkrétnych vystupov
vyskumného projektu.

KedZe receptury pripravy vybranych typov
nanosolov a aj podmienky ich aplikacie na
textiiné materidly su predmetom prihlasky
vynalezu neuvadzame ich v konkrétnej
podobe.

2.2 Podmienky aplikacie nanosélov pre

hydrofébnu upravu textilii

Vyskumne pripravené nanosoly na baze

organosilanov boli priebezne aplikovane, za

rézne stanovenych podmienok, na vybrané
typy textilii (tkaniny) zo 100 % PES, zmesi

50/50 PES/Ba a 100 % Ba.

V laboratéornom rozsahu boli experimentalne

overené podmienky aplikacie nanosolu

obojstrannou impregnaciou (na foularde) so

Specifickym sledovanim vplyvu:

- rozpustadla na riedenie pripraveného
nanosolu pri zakladnych koncentraciach
50 g.I" (oznagenie s *) a200 g.’
(oznacenie bez *)

- predupravy textilie nanosom vodnej
disperzie nanocastic SiO, s ciefom
podpory vzniku polysiloxanovych sieti pre
lepSie  ukotvenie  funkénych  skupin
a nanosolu na povrchu vilakna,
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- predupravy textilie nizkoteplotnou
plazmou (DSCBD vyboj s vykonom 400
W) na prototypovom zariadeni ZUP 400
s cielom iniciovania vzniku volnych
radikalov na povrchu vlakna a dosiahnutia

zvySenia tvorby fyzikalno-chemickych
vazieb medzi funkénymi  skupinami
nanosélu  avlaknom pre zvySenie
permanentnej  ucinnosti hydrofébnej
upravy,

- teplotno-Casového rezimu a jeho

optimalizacie pri suSeni a fixacii textilii,
ktoré boli stanovené nasledovne: suSenie:
120-150°C, fixacia: 150°C (Ba) a 180-
190°C (100 % PES a PES/Ba),

- finalnej upravy povrchu textilie s vyuZzitim
UV ziari¢a (t = 2,2 s) za u€elom zvysenia
uCinnosti  priebehu  polykondenzacnych
reakcii na povrchu textilie.

Vykonané laboratérne experimenty priniesli

velky rozsah réznych variant, z ktorych pre

porovnanie dosiahnutia urovne hydrofébnej

Upravy uvadzame niektoré v Tab. 2.

Charakteristika parametrov KSU a UR je

uvedena v Casti 2.3

Pre porovnanie uvadzame hodnoty KSU

a UR namerané na hydrofébne upravenych

textiliach fy Schoeller (Uprava NanoSphere),

ktore moézu sluzit ako Standard pre
porovnanie dosiahnutych vysledkov:

- textilia zo 100 % PES vlakien

KSU =137,5°, UR =11,7°

- textilia zo zmesi PES/Ba vlakien

KSU =109,9°, UR = 17,2°

Uvedené hodnoty su udavané ako priemer

z 5 merani vykonanych na tej istej vzorke.
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Tab. 2 Uroveri hydrofébnej Gpravy textilii predupravenych vodnou disperziou nanogastic SiO, (bez

plazmy a UV ziarenia)

- A Po uprave Po 1. prani
Typ textilie Typ nanosélu KSU [] UR[] KSU [] UR ]
100 % Ba K13 143,4 19,9 vzlina X
100 % Ba K16 1443 14,9 vzlina X
PES/Ba K15 143,3 26,9 vzlina X
PES/Ba K16 143,3 31,8 vzlina X
PES/Ba K17 145,3 18,8 1414 28,2
100 % PES K13 119 39,1 115,6 31,5

Poznamka: KSU - kontaktny staticky uhol, UR — uhol rolovania, x — hodnoty KSU a UR neboli stanovené.
Pokial po naneseni kvapky vody na povrch textilie kvapka okamzite vzlina nie je mozné hodnoty KSU a UR

stanovit’

Tab. 3 Uroveri hydrofébnej Upravy textilii po aplikacii UV Ziarenia (bez predupravy vodnou disperziou

nanocastic SiO, a plazmy)

Typ textilie Typ nanosélu Po uprave Po 1. prani KSU ']
KSU [°] UR [°] KSU [°] UR[°] Po UV ziareni

100 % Ba K13 141,2 30,4 vzlina X 149
100 % Ba K16 144.5 27,1 vzlina X 155
PES/Ba K15 141,0 27,1 vzlina X 158
PES/Ba K 16* 143,2 29,2 vzlina X 146
PES/Ba K17* 144,0 26,2 139,2 23,3 157

100 % PES K13* 120 31,9 118 32,8 136

Vysledky KSU stanovené na textiliach zo
100 % Ba resp. zmesi PES/Ba po finalnej
uprave UV Ziarenim potvrdzuju podstatné
zvySenie ucinnosti upravy az nad hodnotu
150°. Predpokladom uvedeného vysledku je
dokoncenie polykondenzacnych reakcii na
povrchu vlakna, ¢o mbze prispiet k zvySenie
ucinnosti permanentnej hydrofébnej upravy.

Na zaklade priebeznych dosiahnutych
vysledkov sme sa Specialne zamerali na
zvySenie ucinnosti hydrofébnej upravy na
100 % PES textilii. Bola zvolena kombinacia
predupravy textilie nizkoteplotnou plazmou
(DSCBD vyboj, vykon 400 W, ¢as 7 sekund)
za ucCelom iniciovania vzniku aktivnych
centier resp. volnych radikalov na povrchu
textilie, ktoré by prispeli  kvzniku
polysiloxanovej Struktury. Nasledne bola
pouzitd preduprava textilie nanosom vodnej
disperzie SiO; s velkostou Castic 14 a 7 nm.
Pre upravu bol zvoleny nanosol typ K13,
ktory sa javil ako najuniverzalnejsi. Vysledky
su uvedené v Tab. 4.

Vysledky potvrdzuju, ze pouzitym postupom
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a kombinaciou prostriedkov pre predupravu
a finalnu upravu je mozné dosiahnut aj na
100 % PES textilii vysoky stuper hydrofébnej
Upravy s prejavom jej  samocistiacej
schopnosti (UR<10°). Vzhladom na urcitu
nehomogenitu textiiného povrchu, podfa
nasho nazoru nie je celkom spravne
definovat parametre KSU a UR jednou
hodnotou (napr. priemer 5 merani uvedeny
v Tab. 4), ale je vhodnejSie uvadzat’ zisteny
rozsah nameranych hodnét na danej textilnej
vzorke t. j. pre KSU 140-144° resp. UR 6-11°.
Experimentalne  prace boli  zaviSené
Stvrtprevadzkovou skuskou na
novovybudovanej experimentalnej linke na
pripravu nanosélov (Obr. 1) a naslednym
overenim podmienok aplikacie nanosolu na
laboratérnom kontinualnom susiaco-
fixatnom zariadeni fy Mathis (pracovna Sirka
400 mm), ktoré bolo po rekonStrukcii
doplnené prototypovym zariadenim ZUP 400
pre nizkoteplotnd plazmu a tunelom s UV
ZiariCom pre finalnu upravu.

Stvrtprevadzkova skuska bola vykonana
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s vyuzitim nanosélu typu K 13, ktory sa javi
ako najuniverzalnejSi pre SirSi sortiment

textilii. Dosiahnuté vysledky su uvedené
v Tab. 5.

Zistené hodnoty KSU a UR potvrdzuju ze pri
aplikacii  nanosélu K13, pri reprodu-

kovatelnych podmienkach (vid Obr. 2-7), nie
je badatelny vplyv nizkoteplotnej plazmy na

Textile Materials

dosiahnutu uroven hydrofébnej Upravy.
Potvrdila sa relativna vysoka ucinnost
nanosolu K 13 na textiliach zo 100 % Ba
resp. zmesi PES/Ba blizka superhydrofébnej
urovni (KSU > 150°) bez samocistiaceho
efektu (UR < 10°) a dosiahnutia
permanentnej ucinnosti.

Tab. 4 Urover hydrofébnej Gpravy 100 % PES textilie s vyuZitim predupravy nizkoteplotnou plazmou
a vodnou disperziou nanoCastic SiO; a finalnej upravy UV Ziarenim

Typ textilie Typ nanosoélu Po uprave Po UV Ziarenl
KSU [°] UR[°] KSU [°] UR[°]
100 % PES K13 140,8 8,1 144 8,5
100 % PES K13 1427 57 142,5 10,7
100 % PES K13 143,6 11 141,5 10,5
100 % PES K13 143,7 9,1 142,0 9,8

Tab. 5 Uroveri hydrofébnej Upravy vybranych textilii s pouZitim predipravy vodnou disperziou
nanocastic SiO, (100 g/l) a predupravy nizkoteplotnou plazmou

Typ textilie Typ nanosélu Predu;’)l_'ava F;o Uprave _ Po°5. praniach _

textilie KSU [°] UR [°] KSU [°] UR [’]
100%Ba | K13 domac7s | 1431 | 256 . .
ose | k19| e | e T oan
wowpes | wis | peveem e [es e |9

Obr.

2 Textilia zo 100 %
PREDUPRAVENY nizkoteplotnou plazmou (7 s)
a nasledne nanosélom typ K 13 — namerana hodnota
KSU =130,3°

PES vlakien, povrch
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Obr. 3 Textilia zo 100 % PES vlakien, BEZ
predupravy plazmou, upravena nanosolom typ K 13 —
namerana hodnota KSU = 129,1°
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O

Obr. 4 Textiia zo zmesi PES/Ba, povrch
PREDUPRAVENY nizkoteplotnou plazmou (7 s)
a nasledne nanosélom typ K 13 - namerana hodnota
KSU = 144,9°

o]

Obr. 6 Textiia zo 100 % baviny, povrch
PREDUPRAVENY nizkoteplotnou plazmou (7 s)
a nasledne nanosélom typ K 13 — namerana hodnota
KSU = 143,1°

2.3 Metédy hodnotenia hydrofébnych
vlastnosti textilii aich uc€innosti na
vlaknach.

Pre objektivne stanovenie parametrov
aplikovanej hydrofébnej upravy sme vybrali
metddu stanovenia kontaktného statického
uhla KSU (uhol dotyku kvapky vody v mieste
kontaktu s textiliou), na zaklade ktorého sa
stanovuje aj volna povrchova energia
textiiného povrchu. V ramci
experimentalnych prac bola ich cast
zamerana aj na pripravu optimalizacie
skusobnych metdéd pre meranie fyzikalnych
vlastnosti na povrchu textilii. Vysledna
hodnota KSU je priemerom z 5 merani tej
istej vzorky.

Boli vypracované a pri meraniach vyuzivané

nasledovné interné skusobné metody:

1. IPS ¢.31583814/101/2000/2010
Stanovenie kontaktného statického uhla
textilii, Stanovenie vofnej povrchovej
energie textilii.
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O

Obr. 5 Textilia zo zmesi PES/Ba, povrch BEZ
predupravy plazmou, upravena nanosolom typ K 13 —
namerana hodnota KSU = 143,3°

o

Obr. 7 Textilia zo 100 % baviny, BEZ predupravy
plazmou, upravena nano-sélom typ K 13 — namerana
hodnota KSU = 143,1°

2. IPS ¢.31583814/103/2000/2010
stanovenie  kontaktného dynamického
uhla textilii.

Pre stanovenie KSU bol wvyuzity pristroj
Goniometer DSA 30 (vid Obr. 8). Znacny
rozsah merani  preukazal rozdielnost
povrchov aj reprodukovatelnost vysledkov
merania. Pre hydrofébne upravené textilie zo
100 % Ba resp. zmesi PES/Ba boli pri 95 %
intervale spolahlivosti stanovené hodnoty
s neistotou merania + 5-6°. Pri textiliach zo
100 % PES resp. 100 % PA 6 je stanovenie
KSU naro¢nejSie a menej presné, nakolko
pri. 95 % intervale spolahlivosti boli
stanovené hodnoty s neistotou merania na
urovni £ 13-14°.

Pre doplnenie charakteristiky hydrofébnej
upravy boli vykonané merania tzv. uhla
rolovania (UR) vodnej kvapky na pristroji
ROLTEST. Pre stanovenie UR bola vyuzita
interna  skuSobnd  metéda IPS ¢
31583814/73/80/2008, Stanovenie  uhla
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rolovania na ploSnych textiliach. Vysledna
hodnota UR je priemerom z 5 merani na tej
istej vzorke.

Obr. 8 Pristroj Goniometer DSA 30 na meranie
fyzikalnych parametrov povrchu textilii

3 DISKUSIA
Dosiahnuté vysledky vyskumu pripravy
hydrofébnych nanosolov na baze

organosilanov s aplikaciou réznych spésobov
predupravy  afinalnej upravy textilie
preukazali existenciu réznych vplyvov na
dosiahnutie réznej Urovne hydrofébnej
upravy a jej u€innosti.
Pri experimentalnych pracach sa potvrdilo,
Ze vyznamny vplyv na ucinnost hydrofobne;j
Upravy s vyuzitim nanosélov ma charakter
povrchu textilie (resp. jeho nehomogenita).
iZSi ucinnost sa preukazala pri
textiliach zo 100 % PES vlakna, ale tu bol
registrovany podstatny rozdiel v zavislosti od
charakteru povrchu PES vlakna. Fyzikalne
podmienky aplikacie nanosélu (rovnaky typ
K 13) boli prijatelnejSie na textilii s vySSou
ploSnou hmotnostou a objemnejSim typom
PES vlakna, porovnanie je uvedené v Tab. 6.
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Tab. 6 Vplyv homogenity textiiného povrchu na
ucinnost hydrofébnej Upravy

ilny ... | Pred pranim | Po 5. prani
Textilny Pouzita
material aprava | KSU | UR | KSU [UR
[] [l 1 [
100 % PES
(140 gim?) | K13 | 1317326 | 127.9 | 35
100 % PES
(50 g/m?) K13 | 126,2 | 30,8 | 116,5 | x

Uvedené hodnoty KSU aUR vTab. 6
nesuvisia s hodnotami uvedenymi v Tab. 4
kde boli pri preduprave 100 % PES textilie
pouzité iné podmienky.

Predpoklady vzniku ucinnejSich aktivnych
centier, pri aplikovanej hydrofébnej uprave,
sa potvrdili na textiliach s min. podielom 50
%hm. bavinenych vlakien (vid Obr. 9) resp.
na 100 % bavine. Nanosdél typu K13
s pouzitym  prekurzorom  TEOS+MTMS
doplneny o vinyltrietoxysilan  (VTES)
a octyltrietoxysilan  (OCTEO), preukazal
lepSiu tvorbu polysiloxanovej Struktury s jej
permanentnou ucinnostou na prirodnom
vlakne ako na 100 % syntetickom vlakne.
Potvrdzuje to aj dosiahnuta uroven KSU =
140-145° oproti hodnote KSU = 120-125° na
100 % PES.

Dosiahnuté hodnoty KSU, najma na PES/ba
textilii sa priblizili drovni 150°, ale po 5
praniach sa vyrazne znizil dosiahnuty efekt
hydrofébnej upravy €o znamena, ze zatial
nebola dosiahnuta uroven ,permanentnej
superhydrofébnej upravy” textilie.

Tento ciel nenaplnili ani predpoklady
iniciovania vofnych radikalov (vytvorenie
inicianych centier) na povrchu textilie
vplyvom aplikacie nizkoteplotnej plazmy
(DSCBD vyboj). Neboli zistené pozitivhe
vysledky priameho zvySenia ucinnosti
hydrofébnej ucinnosti  po  opakovanych
procesoch prania textilie. Zrejme bude
potrebné detailnejSie preskumat podmienky
vplyvu Casu, intenzity vyboja a dalSich
faktorov na potencialne pozitivny dopad
s ciefom dosiahnutia permanentne;j
hydrofébnej upravy textilie.
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a) povrchneupravenej textilie PES/Ba

Obr. 9 Snimky SEM analyzy

4 ZAVER

Overené  soOl-gél  procesy s vyuzitim
prekurzorov na baze organosilanov potvrdili
predpoklady tvorby nanosolov
s hydrofébnymi  d€inkami. Na  zaklade
laboratérnych experimentov sa cielavedome
podarilo optimalizovat zmes silanov v takych
podieloch, ktoré pri stanovenych
podmienkach (teplota, €as ainé) vytvaraju
polysiloxanovu Struktaru zvysujucu
hydrofobicitu textili zo zmesi bavinenych
a syntetickych vlakien resp.100 %
bavinenych vlakien.

Napriek tomu, Ze zatial nebola dosiahnuta
permanentna superhydrofébna uUprava so
samocistiacim efektom, z hladiska
ekonomického, nanosoly pripravené na baze
organosilanov su prijatelnejSou alternativou
ako silikonové emulzie, ktoré neumerne
zvy8uju aj cenu findlnej upravy textilného
vyrobku.

Pod'akovanie: Tato praca (vyskumny projekt) bola
podporovana Agenturou na podporu vyskumu
a vyvoja v Bratislave na zaklade zmluvy ¢.VMSP-P-
0023-09.

Vlakna a textil (4) 2011 23

Textile Materials

b) povrch hydrofobne, nanosolom, upravene;j textilie
PES/Ba
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PROCESS OF PREPARATION AND APPLICATION OF INORGANIC-
ORGANIC NANOSOL FOR HYDROPHOBIC FINISH OF TEXTILE
MATERIALS

Translation of the article
Priprava a overenie aplikacie anorganicko-organickych nanosélov pre hydrofébnu
upravu textilii

Abstract: Application of sol-gel technology is a process of possible efficient hydrophobic
finish of textile materials made of synthetic, natural and blended fibres. Processes of
preparation and application of a nanosol, based on silanes, using conditions of physico-
chemical pre-treatment of the textiles and finish using UV radiation and low-temperature
plasma are described. Results of the obtained hydrophobic finish of 100 % cotton, 100 %
PES woven fabric and blended PES/cotton fabric are given in the experimental part. Results
and methods for measurement of contact static angle and rolling angle of a water drop on the
surface after finish and process of washing the textile material are given in the paper. Various
influences of fibres, character of the fabrics and conditions of nanosol application on the
obtained level of hydrophobic finish are evaluated in the conclusion.

Vlakna a textil (4) 2011 24



Textilné materialy

Textile Materials

THE KINETICS OF ANTIBACTERIAL EFFECT TESTED ON
MODIFIED TEXTILE SUBSTRATES

I. Slamborova’, J. Wiener? and L. Martinkova®

1Deparl‘ment of Chemistry, Faculty of Science, Humanities and Education, Technical
University of Liberec, Studentska 2, 461 17 Liberec, Czech Republic
2Faculty of Textile Engineering, Technical University of Liberec, Studentské 2, 461 17
Liberec, Czech Republic
SINOTEX spol. s.r.o., Dvur Kralové n. Labem
irena.slamborova@tul.cz; jakub.wiener@tul.cz

Abstract: The study of the kinetics of antibacterial effect was conducted on three antibacterial
modified textile substrates. Two standard bacterial strains, Staphylococcus aureus (ATCC 1260) and
Escherichia coli (ATCC 9637), were used for testing. The tests were performed according to
internationally recognized norms AATCC Method 100 and AATCC Method 147. The results obtained
are consistent with pilot experiments, which confirmed that the effects of antibacterial modifications

of selected samples differ.

Key words: antibacterial, bacteriostatic, bactericidal, testing, Escherichia coli, Staphylococcus

aureus, Kinetics.

1 INTRODUCTION

Compounds with antibiotic properties can be
applied to modify the surface of textiles,
which can be used as technical textiles in
public health, clothing manufacturing (e. g.
socks) and filtration systems.

When in contact with either pathogenic or
non-pathogenic bacteria, antibacterial
modified textiles may act bactericidally or
bacteriostatically. = Bacteriostatic  finishes
inhibit the growth of bacteria while
bactericidal finishes kill them. The qualities of
these finishes strongly depend on properties
of antibacterial compounds used.

For bacteriostatic finishes, compounds
gradually released into aqueous media are
used. For example, cations of selected
metals are able to penetrate into bacterial
cells and bond to -SH groups of enzymes,
which causes a decrease in activity and
inhibition of growth of microorganisms. For
these finishes, metals and metallic and
phenolic compounds are commonly used [1].
For bactericidal finishes, compounds tightly
fixed to fibres are used; for example,
quaternary ammonium salts or chitosan [2].
When in contact with these compounds,
bacterial metabolism is altered, which leads
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to cell wall damage and destruction of the
cell [3]. At present, antibiotics immobilisation
on textile substrates with either bactericidal
or bacteriostatic effect has been taken
advantage of [4]. Excellent results were
achieved by immobilisation of antibiotics
(tetracycline, penicillin) on silica nanofibres
and chitosan nanofibres. The antibacterial
effect was tested on a wide range of
pathogenic bacteria that cause serious
problems in wound healing in dermatology
(decubitus and venous ulcers etc.) [5].

There are many various methods to detect
bactericidal and bacteriostatic effects;
AATCC Method 100 (a quantitative method)
[6], AATCC Method 147 (a qualitative
method — the size of the zone of inhibition is
evaluated) [7] and ICS 59.080.01 norm [8]
(analogous to the aforementioned methods)
are commonly used. In addition to these
international norms, it is possible to use a
wide range of national norms (e. g. CSN EN
ISO 20645 Squared textiles — determination
of antibacterial activity — Test of diffusion
through the agar plate). For scientific studies
that require testing of antibacterial effect on
textile substrates, particularly the first two
methods are used [9].
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The main aim of this study was the
assessment of the kinetics of three different
antibacterial modified fabrics the antibacterial
effect of which varied. The antibacterial effect
was studied on two bacterial strains,
Escherichia coli and Staphylococcus aureus.
The key question was when the first signs of
bacterial inhibition appear, or eventually, how
many bacterial colonies survive.

2 EXPERIMENT

2.1 Materials

The aim of this study was to assess the
kinetics of two selected bacterial strains on
three antibacterial modified samples. The
antibacterial modified textile substrates were
provided by Inotex s.r.o. Dvar Kralové n.
Labem.

The material composition of the samples
consists of 50% cotton and 50% polyester of
areic mass of 150 g/m? after a preliminary
treatment. The products of Inotex spol. s.r.o.
were used for antibacterial modifications.
The first product, ULTRA FRESH NMV 2, is
based on organochlorides. The second
product, TENSILVERCAP Aloe Vera, is
bifunctional microcapsules with nanoparticles
of silver embedded on the outer side
(antimicrobial effect) and encapsulated
natural product of Aloe Vera (moisturising
and well-being effect). Both products were
applied by means of an impregnation
process in a laboratory foulard and
consequently utilized in drying and fixing
apparatus Werner Mathis. To estimate the
permanence of the modifications in repeated
maintenance cycles, samples no. 1
underwent 75 washing cycles at 60°C and
chemothermal disinfection.

The textile substrates tested were chosen on
the basis of pilot experiments, which were
conducted according to CSN EN ISO 20645

[10] (the size of inhibition zones was
evaluated). The samples varied in
antibacterial  activity: Sample No. 1
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possessed low antibacterial activity, sample
No. 2 high antibacterial activity and sample
No.3 good antibacterial activity [Tables 1 and
2].

Sample No. 1 - a modified fabric after 75
washing cycles and chemothermal
disinfection

Sample No. 2 - a fabric modified with
TENSILVERCAP, not washed

Sample no. 3 - a fabric modified with Ultra
Fresh NMV 2, not washed

Two bacterial strains were used for testing —
Gram-negative, rod-shaped bacterium
Escherichia coli — strain CCM 2024 (ATCC
9637) and Gram-positive, coccal bacterium
Staphylococcus aureus — strain CCM 299
(ATCC 1260). Both bacterial strains are
reference cultures (according to ALE-G18,
CSNI) bought from the Czech Collection of
Microorganisms of Masaryk University.in
Brno.

For the cultivation of bacteria, blood agar
(Columbia agar) obtained from Bio-Rad spol.
s.r.o. Praha was used.

2.2 Experimental methods

AATCC Method 100 was used for testing.
Textile substrates (three samples of fabrics
with different antibacterial finishes) of the
size of 18 x 18 mm were placed into
incubation containers. 0.1 ml of bacterial
suspension (Escherichia coli,
Staphylococcus aureus) at a concentration of
105 CFU/ml was added to each sample. The
containers were placed in the thermostat set
to 37°C. They were withdrawn after set time
intervals and 10 ml of physiological solution
was added to each sample (i. e. the
suspension was diluted to a concentration of
103 CFU/ml). The samples were vortexed for
10 minutes. After that, 1 ml of each sample
was taken and inoculated on blood agar in a
Petri dish. The results were assessed after
twenty-four hours' incubation in the
thermostat at 37°C.
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Table 1 Tests on Staphylococcus aureus (CSN EN I1SO 20645)

Sample No. 1
Inhibition zone 0 mm
Insufficient antibacterial effect

Sample No. 2
Inhibition zone 8 mm
High antibacterial effect

Sample No. 3
Inhibition zone 2 mm
Good antibacterial effect

Table 2 Tests on Escherichia coli (CSN EN ISO 20645)

Sample No. 1
Inhibition zone <1 mm
Efficiency limit of the
antibacterial effect

Sample No. 2
Inhibition zone 19 mm
High antibacterial effect

Sample No. 3
Inhibition zone 3 mm
Good antibacterial effect

Samples were withdrawn after the following
time intervals:

Sample — withdrawn after 1 hour

Sample — withdrawn after 2 hours

Sample — withdrawn after 3 hours

Sample — withdrawn after 4 hours

Sample — withdrawn after 5 hours
Sample — withdrawn after 5,5 hours

. Sample — withdrawn after 6 hours

Based on these intervals, the kinetics of both
bacterial strains tested was estimated.

NoOORON =~

3 RESULTS AND DISCUSSION

The primary aim of this study was to estimate
the decrease in bacterial colonies related to
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time. Three textile samples with different
antibacterial finishes were used for testing.
Microbiological tests were performed on
blood agar using two bacterial strains,
Escherichia coli and Staphylococcus aureus.
These Dbacterial strains are common
microflora present in our surroundings. In
case of skin damage, these pathogens are
able to enter an organism through such a
gate. If textiles (underwear, T-shirts, etc.) are
finished with appropriate antibacterial agents,
the finishes can vastly influence the number
of bacteria, which are either inhibited
(bacteriostatic effect) or killed (bactericidal
effect) by the compounds immobilized on the
surface of the textiles.
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Table 3 Kinetic effect of E. coli (AATCC Method 100)

Sambple Inhibition effect Inhibition effect Inhibition effect
P of E. coli after 1 hour | of E. coli after 3 hours | of E. coli after 6 hours
1
2
3
1000 Kinetics of Escherichia coli
900 -
—e—Sample 1
800 - —=— Sample 2
-é 700 - —A&—Sample 3
o
o 600 -
o
s 500 -
2 400 A
£
S 300
2
200 -
100 -
0 T T T T T t T T T ‘-“-’_.

o 05 1 15 2 25 3 35 4 45 5 55 6

Time [hour]

Figure 1 Decrease in colonies of Escherichia coli related to time when in contact with antibacterial
modified textiles
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Table 4 Numbers of recovered bacterial colonies (selected time intervals) - Escherichia coli

Sample 1 hour
1 1000
2 500
3 1000

3 hours 6 hours
500 100
20 1
600 45

The best results were obtained for sample
no. 2. A strong inhibition was achieved
between the 1% and the 2™ hour of
incubation. The number of recovered
colonies after six hours’ incubation equalled
1.

For sample No. 3, a significant inhibition was
achieved later, i. e. between the 4™ and the
5" hour of incubation. After the last
withdrawal (after six hours’ incubation), the
number of colonies equalled 45.

For sample No. 1, the inhibition appeared
later in comparison to sample No. 3.

Table 5 Kinetic effect of St. aureus (AATCC Method 100)

Sambple Inhibition effect of Inhibition effect of Inhibition effect of
P St. aureus after 1 hour | St. aureus after 3 hours | St. aureus after 6 hours
1
2
3
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500
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Kinetics of Staphylococcus aureus
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—@—Sample 2
—a—Sample 3

Number of colonies

05 1 15 2 25 3 35 4 45 5 55 6

Time [hour]

Figure 2 Decrease in colonies of Staphylococcus aureus related to time when in contact with
antibacterial modified textiles

Table 6 Numbers of recovered bacterial colonies (selected time intervals) - Staphylococcus aureus

Sample 1 hour 3 hours 6 hours
1 1000 750 350
2 42 3 0
3 1000 600 0

The results of the kinetics of Staphylococcus
aureus clearly showed that the highest
inhibitory effect was achieved by sample No.
2. The inhibition started during the 1st hour
of contact with the modified textile, the
complete inhibition of bacterial growth being
achieved after 5 hours.

For sample No. 3, the number of colonies
plummeted between the 300" and the 330™
minute. After the last withdrawal (after 360
minutes’ incubation), the number of colonies
equaled 0.

Although it is possible to detect some
antibacterial effect for sample No. 1, it is
insignificant in comparison to sample No. 2.

4 CONCLUSION

The results of the study unambiguously
confirmed the differences among the
antibacterial effect of the textiles tested
(related to time the inoculum was in contact
with the textiles). The inhibition of Gram-
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positive bacterium Staphylococcus aureus
started much sooner (during the first hour of
incubation) than the inhibition of Gram-
negative bacterium Escherichia coli (between
the 1% and the 2™ hour of incubation).

The other two samples tested (i. e. sample
No. 1 and sample No. 3) showed similar
antibacterial effects. The Gram-positive,
coccal bacterium Staphylococcus aureus
was proved to be more susceptible to the
antibacterial compound used for the surface
modification.

Appropriate antibacterial modifications of
textiles result in inhibition of bacterial
multiplication (bacteria can be a source of an
unpleasant odour, for example when
decomposing sweat). According to various
types of surface finishes, textiles may be
resistant to yeasts or fungi, and longer
durability, colour stability and higher quality
of such materials can therefore be
guaranteed.
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For surface finishes, it is desirable to be

abrasion

resistant and permanent after

repeated washing.
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KINETIKA ANTIBAKTERIALNIHO UCINKU TESTOVANA NA UPRAVENYCH
TEXTILNICH SUBSTRATECH

Translation of the article
The kinetics of antibacterial effect tested on modified textile substrates

Studium kinetiky antibakterialniho ucinku bylo uskuteCnéno na tfech antibakterialné
upravenych textilnich substratech. K pokusim byly pouzity dva standardni bakterialni kmeny
Staphylococcus aureus (ATCC 1260) a Escherichia coli (ATCC 9637). Testovani probihalo
podle mezinarodnich testovacich norem AATCC Method 100 a AATCC Method 147.
Vysledky studované kinetiky jsou v souladu s pilotnimi pokusy, které potvrdily rdznou

ucinnost antibakterialnich uprav vybranych vzorku.
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NANOKOMPOZITY NA BAZE VRSTEVNATYCH SILIKATOV

J. Ryba, M. Krigtofi& a A. Ujhelyiova

Oddelenie viékien a textilu, Ustav polymérnych materiélov, FCHPT, STU v Bratislave
Radlinského 9, 812 37 Bratislava, Slovenska Republika
Jjozef.ryba@stuba.sk

1 UVOD

Konvenéné polymérne kompozity, ktoré su
zalozené na vystuzovani polymérnej matrice
mikroskopickymi Casticami, si trvalo udrzuju
priemyselny vyznam. V sucCasnosti vSak
rastie zaujem o vyuzitie polymérnych
materialov  vystuzenych Casticami S
nanorozmermi, ktoré dosahuju zlepSenie
mechanickych, termickych, optickych,
fyzikalno-chemickych  vlastnosti a tiez
zlepSenie vyfarbitelnosti v porovnani s
Cistym polymérom resp. jeho konvenénymi
kompozitmi. ZlepSenie mdze viest napr.
k narastu hodnét modulu pruznosti, pevnosti,
tepelnej odolnosti, ale aj k znizeniu
priepustnosti plynov a par a k zniZenej
horfavosti.

Zo vSetkych potencialnych
nanokompozitnych prekurzorov su ily -
vrstevnaté  silikaty = vSeobecne najviac

preskumané, pretoze vychodiskové materialy
z ilu su rahko dostupné a ich chémia je
v8eobecne znamejSia dlhsi Cas [1, 2].
Hlavnou prednostou nanokompozitov je, ze
na dosiahnutie rovnakych vlastnosti staci
niekolkonasobne menSi hmotnostny
pridavok nanoplniva v porovnani S
mikroplnivom. Mikroplniva v tvare guliCiek
(elipsoidov) s velkostou Castic 1-10 ym sa
pridavaju v mnozstve az 70 %hm., zatial ¢o
nanoplniva v tvare dostiCiek alebo tyCiniek v
rozmedzi 0,001-0,1 pum sa pridavaju
maximalne do 6 %hm. ZlepSenie vlastnosti
nanokompozitov spbsobuje vacsSia adhézia
medzi matricou a vrstevnatym silikatom v
porovnani s  konvenénym  systémom
obsahujucim plnivo [3].
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2 VRSTEVNATE SILIKATY

2.1 Struktara a charakteristika
vrstevnatych silikatov

Vrstevnaté silikaty pouzivané na pripravu
nanokompozitov ~ su prirodné, alebo
syntetické mineraly pozostavajuce z velmi
tenkych vrstiev, ktoré su zvycCajne vzajomne
viazané  proti-ionmi. Ich  zakladnymi
stavebnymi  jednotkami  su  tetraédre,
v ktorych je atbm kremika obklopeny Styrmi
atdmami kyslika a oktaédre, v ktorych je kov
napr. hlinik obklopeny 6smymi atémami
kyslika. Z tohto dévodu su v 1:1 vrstevnatych
Strukturach napr. kaolinit vrstvy tetraédrov
spojené s vrstvami oktaédrov
prostrednictvom zdielania atdbmov kyslika [4].
Na druhej strane kryStalicka mriezka 2:1
vrstevnatych silikatov (fylosilikatov)
pozostava z dvojrozmernych vrstiev, kde je
centralna  vrstva tvorena  oktaédrami
s centralnym atobmom  hlinika  vrcholmi
spojena s dvomi tetraédrami s centralnymi
atdmami kremika. Cize kyslikové iény
z oktaédrickej vrstvy patria taktiez do vrstvy
tetraédrickej (Obr. 1).

Hrubka vrstvy je na Grovni 1 nm adizka
vrstvy sa mdéze pohybovat na urovni od 300
A po niekolko pm v zavislosti od ¢astice
silikatu, naleziska a metddy pripravy (spbsob
mletia 0,1 -10 um). Ztohto dbévodu sa
hodnota pomeru diZzky vrstiev ku ich hribke
(aspect ratio) pohybuje radovo na urovni

~103 [5-8].
Zakladna 2:1  Struktura s centralnymi
atbmami  kremika (tetraéder) a hlinika

(oktaéder) bez akejkolvek substitucie atomov
sa nazyva pyrofylit. Nenapuciava vo vode
ama len vonkajsSi povrch [9]. Ked je
v Strukture pyrofylitu v oktaédrickej vrstve
kation AI’* &iastodne nahradeny katiénom
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Mg®* vznika $truktira montmorilonitu (MMT).
V tomto pripade je nadmerny zaporny naboj
vyvazeny Na* aCa® iénmi, ktoré su
hydratované v medzivrstvovej rovine [10].

Vrstvy su preto pritahované relativne slabymi
silami a voda ainé polarne molekuly mézu

vstupovat medzi ne, Co spdsobi narast
medzivrstvovej vzdialenosti [11, 12].
() Al,Fe, Mg, Li A
- ‘i :i"""’.i .L_
W v—- -, v
\‘ “} \ etraéder
[} 0. i;_‘@é‘§ & Tetrasd
@ Li,Na,Rb,Cs \ -
@ &—— Oktaéder

e Tetraécder

Obr. 1 Struktara 2:1 fylosilikatov
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Montmorillonit, hectorit asaponit  su
najbeznejSie pouzivané vrstevnaté silikaty.
Chemické Zlozenie najvyznamnejSich
vrstevnatych fylosilikatov [50]:
Montmorillonit  My(Al4xMgx)SigO20(OH)4
Hektorit My (Mge-xLix)SigO20(OH)4
Saponit MXMQG(Sig_XA|X)020(OH)4

M — monovalentny katién

x — stupen izomorfnej substitucie (0,5 - 1,3)

2.2 Organicka modifikacia vrstevnatych

silikatov
Nemodifikované vrstevnaté silikaty su
mieSatelné iba s hydrofilnymi polymérmi,
akymi su napr. polyetylénoxid

a polyvinylalkohol. V snahe dosiahnut ich
mieSatelnost s inymi polymérmi musime
dosiahnut  vymenu kationov alkalickych
kovov s kationmi organickych povrchovo
aktivnych latok (Obr. 2).

Toto sa da dosiahnut prostrednictvom
idnovo-vymennej reakcie [14].

NajCastejSie pouzivané su alkylamoéniové
iony, ale taktiez sa pouzivaju aj
alkylfosféniové a alkylsulféniové iony [5, 10,
15]. Kationy alkalickych kovov, ktoré nie su
suCastou Struktury jednotlivych vrstiev mézu
byt jednoducho nahradené inymi kladne
nabitymi atobmami, alebo molekulami a preto
sa nazyvaju vymenitefnymi kationmi [16].

Obr. 2 Schematické znazornenie iénovo vymennej reakcie. Anorganické sodikové katidny su
nahradené objemnejSimi organickymi kationmi. l6novo-vymenna reakcia ma dva doésledky: a)
medzivrstvova vzdialenost medzi jednotlivymi vrstvami sa zvaési, ¢o umozni vniknutie polymérneho
retazca do tohto priestoru. b) dochadza kzmene povrchovych vlastnosti jednotlivych vrstiev

z hydrofilnych na hydrofébne [13]
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Organické kationy znizuju povrchovu energiu
silikatu a zlepSuju interakciu s polymérnou
matricou [14, 17]. DIhé organické retazce
tychto povrchovo aktivnych latok s kladnym
nabojom su naviazané k povrchu zaporne
nabitych vrstiev silikatu, ¢oho désledkom je

narast vzdialenosti medzi galériami [18].
Narast medzivrstvovej vzdialenosti potom
umozni  difundovat polymérom medzi

jednotlivé vrstvy a pripadne ich od seba
oddelit' [14, 19].

Povrchova modifikacia zvySuje teda hodnotu
zakladnej medzivrstvovej vzdialenosti a sluzi
ako kompatibilizator medzi hydrofilnym
silikatom a hydrofébnym polymérom [20].
Prebytok zaporného naboja vrstevnatého
silikatu a jeho ibnovo-vymennej schopnosti je
kvantifikovany Specifickou vlastnostou, ktora
sa nazyva katibnhova vymenna kapacita
(CEC) udavana v meq/g.

Tato vlastnost je vefmi zavisla na type
izomorfnej substitucie vo vrstvach tetraédrov
a oktaédrov a z tohto dévodu na nalezisku,
kde il vznikol. Tym je vysvetlené, preco
montmorilonity z rbznych nalezisk vykazuju
rozdielne hodnoty CEC vrozsahu 0,9-1,2
meq/g [10, 14]. Na zaklade premenlivej
hodnoty CEC sa pohybuje tiez hodnota
obsahu povrchovo aktivnych latok v rozsahu
35-45 %hm. [21].

Vo v8eobecnosti mozno tvrdit, Ze dlhSi
retazec povrchovo aktivnej latky a vySSia
hustota naboja ilu nutia k dalSiemu narastu
medzivrstvovej vzdialenosti [22]. Wang a kol.
pripravil organicky modifikované vrstevnaté
silikaty (OMVS), kde ako modifikatory pouzil
alkylamoniové retazce réznej dizky. Zaverom

prisiel k poznatku, Ze s narastom dizky
alkylamaoniového retazca dochadza
k narastu hodnoty medzivrstvovej

vzdialenosti [23].

Medzivrstvova vzdialenost’ zavisi taktiez na
spbsobe, akym  su  alkylové iony
organizované. V snahe opisat Strukturu
medzivrstvového priestoru je nutné poznat
mechanizmus, ako zaporny naboj
pochadzajuci zo silikatovej vrstvy viaze
kladne nabitu “hlavu” alkylovej molekuly ku
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svojmu povrchu a ponechava zvySok retazca
neviazany [5, 15].

Podla difrakcie vy-lu€ov (XRD), organické
retazce modzu lezat bud  paralelne
k silikatove] vrstve, ¢Cim vytvaraju mono-
alebo bi-vrstvy, alebo mézu byt usporiadané
smerom od povrchu a potom vytvaraju
mono- alebo bi-molekulovo naklonené
.<alkdnové“ usporiadanie [24], (Obr. 3).
Usporiadanie retazcov zavisi od hustoty
stesnania retazcov a ich dizky.

e e e el : ;

b}

i/l

e T

pidil,

Obr. 3 Usporiadanie alkylovych retazcov vo
vrstevnatych silikatoch:

a) horizontalna mono-vrstva

b) horizontalna bi-vrstva

c) alkanovy typ mono-vrstvy

d) alkanovy typ bi-vrstvy

RealistickejSi opis, ktory je zalozeny na FTIR
experimentoch navrhol Vaia akol. [25].
Zistili, Ze so znizenim medzivrstvovej hustoty
stesnania retazcov, alebo ich dizky sa
interkalované retazce stavaju viac
neusporiadanymi. Neusporiadanost retazcov
sa mbze zvysit aj s rastom teploty. Ked sa
volny povrch molekuly nachadza v tomto
stave, retazce si uchovavaju orientacny
poriadok podobny poriadku  kvapalno-
kryStalického stavu (Obr. 4).

Tato interpretacia sa potvrdila aj molekulovo
dynamickymi simulaciami, kde sa zistilo
neusporiadané chovanie sa retazcov vo
vrstvach so Strukturou podobnou kvapalnej
$truktire, ktord so zvySujucou sa dizkou
retazcov mébze viest kviac usporiadanej
Strukture [26].
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Obr. 4 Modely usporiadania alkylovych retazcov:

a) kratke alkylové retazce: izolované molekuly, horizontalna mono-vrstva
b) stredne dlhé retazce: vnutroploSna neusporiadanost a vzajomné prelinanie sa do podoby akoby

bi-vrstiev

c) dlhé retazce: zvySovanie medzivrstvového usporiadania, kvapalnokrystalicky typ prostredia

NBQ Nnm — Ne — _u
@ e e =] — — —
Si—Si } Na@ Nﬂe Nae Na* — —111* — —
® —-—AI—E EO==@===6 = — — —
- Si—Si * * —"r, ", & T
© B Ne— N =} M o
=== napuéiavadlo resp. monomeér O e H-LLLLH—LHHI::LH.LH\%HHH
N
Ennmananmans  kvart. améniova sol’ %, Ty ", %, 11Ll.,:’-«., My,
) R N NN
polymérna matrica O—6 & @ O—6 @ o)

Obr. 5 Priprava exfoliovaného organomontmorillonitu z Na+ montmorillonitu

Chemickou modifikdciou MMT sa zaoberal
Wolf. Jeho postup umozniuje pripravu
exfoliovaného nanokompozitu v tavenine
s vysokym stupfiom dispergacie plniva aj
v pripade pouzitia nepolarnej polymérne;j
matrice (napr. polypropylénu PP) a Na-MMT.
V pociato¢nom Stadiu modifikacie (Obr. 5a,
5b) dochadza vplyvom pridania iénovych
modifikatorov k vymene Na® idnov za iony
kvartérnych amoéniovych soli, ¢im sa
dosiahne zvacsenie medzirovinnej
vzdialenosti priblizne na 20 A. V dalsom
kroku sa proces interkalacie zintenzivni
pridanim napuciavacieho C¢inidla (Obr. 5c),
¢im dochadza k znizeniu vplyvu kohéznych
sil medzi Strukturnymi jednotkami
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organomontmorillonitu. V poslednom §tadiu

(Obr. 5d) dochadza kuplnej eliminacii
kohéznych sil ajednotlivé lamely su
rovnomerne rozdispergované v celom

objeme nepolarnej polymérnej matrice [27].
3 NANOKOMPOZITY A NANOPLNIVA

Nanokompozity su triedou kompozitnych

materialov, pri ktorych je aspori jeden rozmer

dispergovanych €astic polymérnej matrici na

urovni nanometrov. Nanoplniva teda mozno

rozdelit na:

a) vrstevnaté silikaty (ily) — jeden priestorovy
rozmer na urovni nanometrov t.j. plnivo
vo forme dostiCiek s hrubkou od jedného
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do niekolkych nanometrov a dizkou od
sto do tisic nanometrov.

b) nanorurky alebo whiskery — dva
priestorové rozmery suUu na urovni
nanometrov atreti je vacsi, vytvara sa
prediZzena Struktura.

c) izodimenzionalne nanocastice — vSetky ftri
priestorové rozmery suUu na urovni
nanometrov napr. gulovité kremicitanove
Castice [5, 17].

Zo vSetkych potencialnych nano-

kompozitnych plniv su vrstevnaté silikaty
vSeobecne najviac preskumanou skupinou,
pretoze vychodiskové materidly z ilu su
lahSie dostupné a ich interkalatova chémia je
Studovana dlhsi ¢as [28-30].

Vo vSeobecnosti ilovité materialy predstavuju
hydratované amorfné, alebo rézne
kryStalické fylosilikaty a fyloaluminosilikaty
svefmi  jemnozrnnymi  Casticami (iba
vynimocne > 0,02 mm). Prave tieto nepatrné
rozmery jednotlivych kryStalov spolu s ich
vrstevnatou  Strukturou davaju ilovitym
materialom rad unikatnych vlastnosti, ku
ktorym patri najma schopnost [5]:

a) sorpcie a iénovej vymeny

b) reakcie s organickymi latkami

c) viazat vodu.

3.1 Strukttra nanokompozitov

Struktira nanokompozitov zavisi od povahy
pouzitych komponentov (vrstevnatych
kremiCitanov, organickych modifikatorov a
polymérnej matrice) a od postupov pripravy.
Vo vSeobecnosti nanokompozity
rozdefujeme na (Obr. 6):

— flokulované

— interkalované

— exfoliované

Interkalované nanokompozity vznikaju, ked
sa polymérne retazce vclefiuju do Struktury

plniva, vysledkom ¢oho je zvacSenie
medzivrstvovej  vzdialenosti  nanoaditiv.
Vlozenie polymérnych retazcov medzi vrstvy
silikatu  predstavuje  vznik  pravidelne
krystalicky usporiadanych oblasti

v nanorozmeroch bez ohfadu na pomer
polymér : vrstevnaty silikat [31].
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Exfoliované nanokompozity vznikaju
individualnym rozdispergovanim nanoplniva
v polymérnej matrici, v ktorej priemerna
vzdialenost medzi oddelenymi vrstvami
zavisi od mnozstva plniva. K exfoliacii
dochadza len nad kritickou vzdialenostou
galérii. Exfoliacia silikatov je dana hlavne
organofilnostou a Strukturou galérii
nanoplniva. Napriek tomu su vlastnosti
kompozitov urCené najma medzifazovymi
interakciami medzi zlozkami systému [32].

V zavislosti od rozdielnych podmienok
pripravy nanokompozitnych  polymérnych
materialov mbéze vzniknut aj treti typ
nanokompozitov, tzv. flokulované  —
vio¢kované nanokompozity. Tie su
charakteristické  flokulaciou- vloCkovanim
(zrazanie sa do viloCiek) interkalovanych
a poskladanych vrstiev do urcitych rozmerov
vplyvom interakcii hydroxylovych skupin
silikatovych vrstiev [31].

TYPY NANOKOMPOZITOV

Interkcalovany
Iamolzompozit

Exfoliovany
Manokonpozit

Obr. 6 Typy polymérnych nanokompozitov

Ked polymér nie je schopny penetrovat
medzi vrstvy silikatu, ziska sa kompozit,
ktorého vlastnosti zodpovedaju konvenénym
mikrokompozitom. V polymérnej matrici su
rozptylené celé tuhé Castice a hovorime
o pouziti vrstevnatého silikatu, ako bezného
plniva (mikrokompozit) [12].
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3.2 Priprava nanokompozitov

V suCasnosti su zname Styri  zakladné
metody pripravy nanokompozitov na baze
polymér-vrstevnaty silikat [5, 6, 18, 33-35].

3.2.1 Templatova syntéza (sol-gel
technika)

Pri tomto spbsobe je vrstevnaty silikat
pripraveny v polymérnej matrici za pouzitia
vodného roztoku (gélu) obsahujuceho
polymér a silikatové stavebné jednotky. Ako
prekurzory silikatového soélu sa pouzivaju
hydroxid hore€naty a fluorid litny. V priebehu

procesu polymér napomaha  procesu
nukleacie arastu anorganickych krystalov
astava sa  “uvaznenym® vo  vnutri

vznikajucich vrstiev. Aj ked ma tato metdéda
potencial v smere vzniku silikatovych vrstiev
jednostupfiovym procesom bez pritomnosti
alkylovych i6bnov ma aj vazne nedostatky.
Prvym je, Zze syntéza vrstevnatych mineralov
vyZzaduje vysoké teploty, ktoré vSak
rozkladaju polyméry. Vynimkou je syntéza
mineralov na baze hektoritov, ktora vyZzaduje
relativne  mierne  podmienky.  Dal$im
problémom  je  tendencia agregacie
vznikajucich vrstiev. Vrstevnaté silikatové
nanokompozity ziskané templatovou
syntézou nemdzu konkurovat prirodnym
vrstevnatym silikatom z hladiska ich tvorby.
Priemerna dizka Castic synteticky
pripravenych silikatov je limitovana a
dosahuje priblizne jednu tretinu z dizky
Castic prirodnych  vrstevnatych  silikatov.
Preto sa tato metdda pripravy vyuziva najma
pri syntéze dvojvrstvovych nanokompozitov
na baze hydroxidov [5, 15, 36].

3.2.2 Interkalacia polyméru alebo
predpolyméru z roztoku

Vrstevnaty silikat je exfoliovany (rozvrstveny)

do jednoduchych wvrstiev za pouzitia

rozpustadla, v ktorom sa polymér alebo

predpolymér rozpusta. Takto mozu byt lahko

rozdispergované vrstevnaté silikaty so
slabymi medzivrstvovymi silami
v pozadovanom rozpustadle. Polymér sa

potom adsorbuje do rozvrstvenych rovin a po
odpareni rozpustadla (alebo jeho vyzrazani)
dojde  k opatovnému  zlozeniu  vrstiev
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sendviCového polyméru a v najlepsom
pripade k usporiadaniu viacvrstvovej
Struktary (Obr. 7). K takémuto typu patria tiez
nanokompozity ziskané priamo emulznou
polymerizaciou, pri priprave ktorych su
vrstevnaté silikaty dispergované vo vodnej
faze.

Proces exfolidcie sa mézZe rozdelit podfa
mechanizmu oddefovania vrstiev do troch
podskupin, a to:

exfoliacia adsorpcia  polymérov
v roztoku: tento postup sa pouziva na
pripravu interkalovanych nanokompozitov
najma s vodorozpustnymi polymérmi ako

polyvinylalkohol (PVA), polyetylénoxid
(PEO),
— exfoliacia — adsorpcia predpolymérov

z roztoku: pouziva sa v pripade, ak su
polyméry netavitelné a nerozpustné
v organickych rozpustadlach, napr.
polyimidy,

exfoliacia adsorpcia pri emulznej
polymerizacii: pre tento ucel je vhodny

Na—MMT, ktory vo vode [lahko
nelaminuje.  Takto  bol  pripraveny
nanokompozit na baze

polymetylmetakrylatu (PMMA) [41].
Hlavnou vyhodou tejto metddy je moznost
pripravit nanokompozit aj z polymérov
s velmi malou polaritou. Nevyhodou pre
priemyselné vyuzitie a ekoldgiu je vSak prave
potreba velkého mnozZstva rozpustadla
v priebehu pripravy nanokompozitu [5, 6].

3.2.3 “In situ” interkalacna polymerizacia
Tato metdéda bola prvy krat pouzita pri
priprave nanokompozitu na baze
kaprolaktam (KL). Modifikovany vrstevnaty
silikat je napuciavany kvapalnym
monomeérom. Monomér migruje do galérii
vrstevnatého silikatu a méze sa uskutoCnit

polymerizacia medzi interkalovanymi
vrstvami  (Obr. 8). Reakcia mbze byt
iniciovana teplom, radiaciou, vhodnym

iniciatorom, alebo katalyzatorom fixovanym
prostrednictvom idonovo-vymennej reakcie
v medzivrstvovom priestore pred samotnym
napuc¢anim v monomeére. Polymerizacia
vedie k tvorbe polymérov s dlhym retazcom
vo vnutri silikatovych galérii. V zavislosti na
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vyvazenosti podmienok polymerizacie su
vrstvy  delaminované a material ma
neorganizovanu strukturu [5, 6, 8].

3.2.4 Interkalacia tavenim

Pri interkalacii tavenim sa vrstevnaty silikat
zmieSa s polymérnou matricou v tavenine.
Za tychto podmienok, ked povrchy vrstiev su

dostatocne kompatibilné s vybratym
polymérom, polymér moéze migrovat do
medzivrstvovych medzier a tvorit
interkalovany alebo exfoliovany

nanokompozit. Interkalacia taveniny medzi

News from Departments

vrstvy modifikovaného silikatu je vysledkom
termodynamickych interakcii zloziek [42]. Je

determinovana suhrou entropickych a
entalpickych  faktorov. Malé zvySenie
vzdialenosti medzi vrstvami silikatu

neovplyviiuje vyznamne zmenu celkovej
entropie a interkalacia je do velkej miery
vysledkom zmeny celkovej entalpie.
Interkalaciou taveniny boli  pripravené
nanokompozity najma na baze polyamidu
(PA 6/MMT). Tato technika si nevyzaduje
rozpustadlo (Obr. 9), [5, 6, 8].

vyparovanie

- = golvatovany
SOhFEI'tOWIII?JI polymeér interkalacia nesorbované
organofilny i molekuly
rozplist'adia

Obr. 7 Interkalacia polyméru za pritomnosti rozpustadla

fEZ+ %:; o

organofilimy
il

n

monomer

?l2

napuciavanie

polymerizacia

Obr. 8 In situ interkalacna polymerizacia. Molekuly polarnych monomérov difunduju medzi vrstvy

Miesanie
L | | | J
NH; * NH
tavenie _é/_a/—\—/»
//
H, NH? NHZ NH3
L | L ]
Organofilny il Termoplasticky Interka}lécia
polymeér polymeéru
Obr. 9 Proces interkalacie tavenim
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3.3 Vlastnosti nanokompozitov
Nanokompozity = pripravené z polymérov
a vrstevnatych silikatov (prirodnych, alebo

modifikovanych) vykazuju ZlepSenie
niektorych materialovych vlastnosti
v porovnani s Cistymi polymérmi uz pri

obsahu 0,5 %hm. plniva. ZlepSenie zahfnha

vysSSie moduly, zvySenu pevnost, tepelnu
odolnost, taktiez dochadza k zlepSeniu
bariérovych vlastnosti t.j. zniZeniu

priepustnosti plynov a UV Zziarenia. Miera
zlepSenia mechanickych vlastnosti
polymérnych nanokompozitov zavisi od typu
polymérnej matrice a plniva, koncentracie
plniva, chemickej modifikacie a technologie
pripravy. Hlavnhym dbévodom zlepSenia
vlastnosti  nanokompozitov je lepSia
medzifazova interakcia medzi matricou
a vrstevnatym silikdtom v porovnani so
systémami plnenymi konvenénymi plnivami
(mikrokompozity) [17]. Obsah, pri ktorom
dochadza k podstatnej zmene mechanickych
vlastnosti je pre kazdy druh vrstevnatého
silikatu rézny. Nad touto hranicou dochadza
k vyraznému poklesu mechanickych
vlastnosti.

3.3.1 Mechanické vlastnosti

Narast hodnét Youngovho modulu sa
zaznamenal pri nanokompozitoch tvorenych
vrstevnatymi silikatmi uz pri nizkom obsahu
plniva. PA 6 nanokompozity pripravené
metddou in situ interkalacnej polymerizacie
spojenej s otvorenim kruhu KL, vedu
k vzniku  exfoliovanych  nanokompozitov.
Hlavnhym  dévodom  zvySenia  hodnét
Youngovho modulu bola silna interakcia
medzi matricou a vrstevnatym silikatom
prostrednictvom  vzniknutych  vodikovych
mostikov (Obr. 10) a taktiez priamo zavisi od
priemernej dizky dispergovanych &astic [19,
37, 38].

Pridavok modifikovanych
silikatov do polymérnej matrice zvyCajne
taktiez zvySuje pevnost pri pretrhnuti
v porovnani s Cistym polymérnym materialom
[39]. Je vSak nutné zdbraznit, Ze vplyv tvorby
nanokompozitu na pevnost pri pretrhnuti nie
je taky zrejmy, ako je to v pripade

vrstevnatych
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Youngovho modulu, pretoze bol pozorovany

aj pokles pevnosti vzniknutého
nanokompozitu v porovnani s Cistym
polymérom [40].
16.7 A
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Obr. 10 Schematické znazornenie vzniku
vodikovych mostikov v PA 6/MMT
nanokompozite

3.3.2 Termicka stabilita
Je zname, Ze anorganické materialy sa
vyznacuju dobrou tepelnou stabilitou, preto

sa predpoklada, ze zamieSanim
anorganickych zloziek do organickych
materiadlov sa moze zvySit ich celkova

termicka stabilita. Narast termickej stability

nanokompozitov sa  prisudzuje  vySSej
termickej stabilite vrstevnatych silikatov
a interakciam medzi Casticami  silikatov

a polymérnou matricou [43].

Jednou z metdd sledovania termickej stability
polymérnych materialov je termo-
gravimetricka analyza (TGA). Pri TGA je
pokles hmotnosti z dévodu tvorby prchavych
produktov pri degradacii za vysokej teploty
sledovany ako funkcia teploty (a/alebo Casu).
Pri ohreve v pritomnosti inertného plynu
nastava termicka degradacia, ale kyslik
alebo vzduch umoziuju termo-oxidacnu
degradaciu [37, 44]. Vo vSeobecnosti
v€lenenie silikatov do polymérnej matrice
zlepSuje  izolatné vlastnosti  a vytvara
transportnu bariéru pre unikajuce produkty
vznikajuce pocas rozkladu [37, 44-46].

Pre nanokompozity na baze PA 6/OMVS
bolo zistené, Ze zaciatok teploty degradacie
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sa zvysil o 12°C pri 2,5 %hm. obsahu plniva
v porovnani s Cistym PA 6, avSak s dalSim
narastom obsahu plniva v matrici sa uz dalej
nezvySoval. Taktiez Dabrowski a kol. [47]
opisali vytvorenie “ochrannej bariéry” pocCas
termickej degradacie nanokompozitu PA
6/0MVS, ktora spomaluje difaziu
vzniknutych  prchavych produktov a tak
spomaluje rychlost degradacie. AvSak TGA
experimenty inych autorov  nepotvrdili
vyznamné zmeny v zacCiatku  teploty
degradacie. Teploty degradacie pri 50 %
Ubytku hmotnosti sa pohybovali v rozsahu
471-476°C Co je vramci experimentalne;
chyby zariadenia na TGA analyzu [48].

Davis a kol. [49] sledovali termicku stabilitu
vstrekovaného PA 6 a nanokompozitov PA
6/OMVS pri 300°C. Zistili, ze PA 6
nedegraduje pri spracovatelskej teplote i ked
dochadza kznatnému poklesu molovej

[A)
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hmotnosti v nanokompozite pri tych istych
podmienkach. Degradacia je =zavisla od
obsahu vody v nanokompozite, ktora méze
spbésobovat hydrolytické Stiepenie
polymérneho retazca. Mechanizmus
termickej degradacie PA 6 navrhli Levchik
a kol. a je uvedeny na Obr. 11 [50].

Dalsi autori zistili niz8iu termicka stabilitu
nanokompozitov PA 6/OMVS v porovnani
s Cistym PA 6. Tieto zistenia pripisali
degradacnému ucinku modifikacie
vrstevnatého silikatu alkylovymi retazcami
[51]. Na vysvetlenie uvedenych javov sa daju
pouzit rbzne mechanizmy. Da sa tvrdit, ze
v prvych fazach termického rozkladu ulozené
silikatové vrstvy kumuluju teplo a spravaju sa
ako zdroj tepla a zrychluju proces rozkladu
v spolupraci s teplom z vonkajSieho zdroja
[37].

mc-—NH GH;']'C—‘ - n—-—c Hz—[CHg—]G —NH~A~

> 390 °C .
o ) >>300°C -
cyklicke oligomery CHg—g CH,
- 3
20010 300°C 0 vinylove koncoveé
0 ]| skupiny
I == 300°C ; --C\ -CONHZ
c
~n CH,-CHj
T

oo

aminove koncove

kaprolaktam skupiny

[JEY]

nitrilove Koncove
skupiny

wv =N

C-—NH—['CH —]C— i=NH—CH -[—CH2+C—-MH'\-"W

nukleofil t.j. HzO
<300°C

M’vc—NH—rCHg—lC—OH
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Obr. 11 Hlavné produkty degradacie PA 6: A) bez nukleofilného €inidla B) s nukleofilnym Cinidlom
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Taktiez mozno tvrdit, Zze alkylové retazce

vplyvom tepla podliehaju rozkladu
Hoffmanovymi eliminaCnymi reakciami
a produkty  tohto  rozkladu  katalyzuju

degradaciu polymérnej matrice.

Z tychto poznatkov sa da konStatovat, Ze

OMVS maju vtermickej stabilite nano-

kompozitov dve protichodné funkcie [52]:

1) vytvorenie bariérového efektu — zlepSuje
termicku stabilitu

katalyticky vplyv na degradaciu polymérnej

matrice — zhorSuje termicku stabilitu.

4 ZAVER

Aj ked su nanokompozitne materialy na baze
polymér-vrstevnaty silikat zname uz relativne
dlha dobu, zviditefnila ich najma sprava
vyskumnej skupiny spolo¢nosti Toyota
(zlepSené vlastnosti nanokompozitov na
baze PA6) a taktiez pozorovania Gianelliho
akol. (jednoducha priprava mieSanim
taveniny polyméru s vrstevnatym silikatom).
Iné spdsoby pripravy zahrfiuju interkalaciu
polyméru, alebo predpolyméru z roztoku, in
situ interkalacnu polymerizaciu a templatovu
syntézu. Vo vacsine pripadov vSak musia byt
vrstevnaté silikaty najskdér modifikované
organickymi povrchovo aktivnymi latkami
(tieto musia byt schopné idnovej vymeny)
aby boli mieSatelné s réznymi polymérnymi
matricami. To, ¢&i nanokompozit vznikne
alebo nie, resp. &i pride ku interkalacii alebo
exfoliacii zavisi od réznych faktorov. Tymito
su: typ polyméru, typ vrstevnatého silikatu,
typ pouZzitej organickej povrchovo aktivnej
latky  a v neposlednom rade  spdsob
a podmienky pripravy nanokompozitného
materialu. Nanokompozitné materialy, hlavne
s exfoliovanymi Casticami vykazuju znacné
zlepSenie pevnostnych charakteristik, na
druhej strane vSak dochadza ku zhorSeniu
napr. predizenia a htZevnatosti. Avsak
napriek niektorym protichodnym vysledkom
v pozorovanych vlastnostiach mozno
konsStatovat, ze nanokompozitné materialy
su novou triedou materialov ktora si zasluZi
nasu pozornost’ aj v buducnosti.
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