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Vlaknotvorné polyméry

Fibre-forming polymers

STRUCTURAL MODIFICATION OF PA 6 AND PA 6 FIBRES

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

Department of Fibres and Textile Chemistry, Institute of Polymer Materials, FCHPT STU
in Bratislava, Radlinského 9, 812 37 Bratislava, Slovak Republic,
michal.kristofic@stuba.sk

Abstract:

The contribution deals with synthesis and properties of copolyamides from ¢-

caprolactam and two nylon salts: one from adipic acid + diethylenetriamine (ADETA) and the other
from adipic acid + 1-(2-aminoethyl) piperazine (AN2) and utilisation of these copolyamides as

additives for fibre-forming PA 6.

Apparent viscosity of blend melts PA 6/copolyamide was measured and PA 6 fibres modified with
each of prepared copolyamide were prepared. Mechanical properties — tensile strength, elongation
and Young modulus of non modified and modified PA 6 fibres were evaluated and compared.

1. INTRODUCTION

Nowadays fibres from polymer blends are
widely used. They have suitable properties
when components of polymer system are
sufficiently compatible. It does not mean that
they have to be thermodynamically
compatible. They are not enough similar from
the point of chemical view to assure this
condition.  Situation is  better when
homopolymer and copolymer are used for the
blend and the copolymer is formed from
segments of homopolymer and segments of
another functional comonomer. Copolymers
are able to improve many properties,
including thermal ones [1, 2]. If comonomer
has the segment length close to the replaced
monomer the copolymer can even
cocrystallize with homopolymer [3].
Copolymer has the great advantage — a good
compatibility with relevant homo-polymer and
from this point of view the deterioration of the

blend properties can be lower.
Semicrystalline (block) copolymers (their
segments) can even cocrystallize with

homopolymer, several types of crystals with
various sizes and level of perfection can be
formed and similar segments of copolymer
can form their own crystallites [4, 5].

Copolymer with higher amount of common
comonomer  containing  segments  of
homopolymer (or lower amount of functional
comonomer) assures good compatibility of
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both blend” components. So for the
modification of poly-e-caprolactam certain
copolyamides based on e-caprolactam, CL,
are the most suitable. As minor comonomer
it is advantageous to use a comonomer
improving end-use properties like sorptive
(water vapour, dyestuffs), electrostatic
properties and other.

Study of thermal properties of copoly-
amides based on e-caprolactam, AH salt
and nylon salt of adipic acid and 1,4-bis(3-
aminopropyl)piperazine indicated their block
character with long segments of poly-¢-
caprolactam and other comonomers and
mutual interactions among macromolecules
of PA 6 and above mentioned copoly-
amides and good compatibility as well.
Copolyamides are crystalline as well (though
at lower level) and PA 6 and these
copolyamides could form at least limited
thermodynamically compatible blend [6].
Derivatives of piperazine in macro-
molecules of additive prevent UV
degradation [7] and dyeability of polymer
products as well [8].

Crystallization ability of copolyamides from
CL and nylon salt of adipic acid and 1(2-
aminoethyl)piperazine, AN2, depends
mainly on the amount, chemical nature and
molecular length of other functional
comonomer which determine the
longitudinal (dis)order of the copolyamide
macromolecules. Crystallization ability of PA
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6 blend with up to 10 wt.% of such
copolyamides is comparable with that of PA 6
[9].

Introduction of copolyamides from CL and
nylon salt of adipic acid and above mentioned

derivatives of piperazine or
diethylenetriamine, ADETA, improves
electrostatic and sorption properties of

modified PA 6 fibres. Their different chemical

structure and lower molecular weight

destroys some of primary intermolecular
bonds in modified PA 6 fibres and causes

usually a drop of mechanical properties [10,

11].

The aim of this contribution was to evaluate

an influence of ternary copolyamides to the

mechanical properties of PA 6 modified
fibres. For this purpose next domains were
studied:

— synthesis of several copolyamides with
different amount of two nylon salts i.e.
nylon salt AN2 of adipic acid and
1(2-aminoethyl)piperazine and nylon salt

ADETA of adipic acid and
diethylenetriamine,
— evaluation and comparison their

properties with PA 6,

— their application as additives for fibre-
forming PA 6 and preparation of modified
PA 6 fibres,

— evaluation and comparison of mechanical
properties of non- and modified PA 6
fibres.

2. EXPERIMENTAL
2.1 Material used

Polyamide 6, (PA 6), commercial, n.=2.58,
Tm=221°C, Nylstar Humenné, SK,

g-caprolactam commercial, (CL), Nylstar
Humenné, SK, major comonomer,

Adipic acid, (A), anal. grade, Aldrich,
1-(2-aminoethyl)piperazine, (N2), Aldrich,
once vacuum distilled,

Diethylenetriamine (DETA), Aldrich, once

vacuum distilled,

Nylon salt (AN2) prepared from adipic acid
(A) and 1-(2-aminoethyl)piperazine (N2),
minor comonomer,
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Nylon salt (ADETA) prepared from adipic
acid and  diethylenetriamine, minor
comonomer and Copolyamides KOPA |,
KOPA 11, KOPA Il and KOPA 1V according
to Table 1.

The nylon salts AN2 and ADETA were
prepared according to [6] by mixing of hot
equimolar solutions of the adipic acid and
distilled either 1-(2-aminoethyl)piperazine or
diethylenetriamine in 96 % ethanol. By
gradual evaporation of ethanol the solution
became thicker. When it reached the honey-
like consistency it was poured into Petri
dishes and residual ethanol was evaporated
in afume chamber several days. During
these days the nylon salt crystallized. Then
the nylon salt was pulverised, and vacuum
dried to remove quantitatively the residual
ethanol.

The copolyamides were prepared through a
polyreaction in a melt under nitrogen
atmosphere. Powdered CL, and both nylon
salts AN2 and ADETA and with nanoadditive
respectively in the case of concentrate were
mechanically mixed and put in aglass
apparatus immersed in a thermostatted oil
bath. The melting, homogenization and
poly(addition-condensation) reaction was
completed within 90-220 min. The nylon
salts act as the activators of the polyreaction
of CL so the longer polyreaction time for
copolyamide with lower amount of nylon
salts was wused. At the end of the
polyreaction the copolyamides were poured
onto a metallic plate and cut into chips.

PA 6 and copolyamides were characterized
from the point of preparation time, amount of
low-molecular compounds, molecular weight
and thermal characteristics - melting
temperatures, melting enthalpies,
crystallization temperature and crystalli-
zation enthalpy.

2.2 Methods used

The LMC was evaluated gravimetrically
before and after extraction in hot
demineralized water. The relationship
water/copolyamide i.e. bath ratio (BR) was
200 ml of water/1 g of polymer, and the
extraction was made as simple extraction
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during 2 hours. Relative viscosity n. was
measured viscosimetrically in 96% HSO4
p.a. at 25°C.

The thermal properties (melting temperature
Tm, crystallization temperature T, enthalpies
of melting and crystallization AH, and AH,)
were measured by apparatus Perkin Elmer
DSC7 at 10°C/min the heating and cooling
rates. Three cycles were applied (heating —
cooling — heating) for the study of thermal
properties. Properties of PA 6 and
copolyamides are given in Table 2.

To evaluate the influence of copolyamides to
the viscosity of blend melt the physical
mixtures of commercial PA 6 chips with chips
of copolyamide were prepared and melted in
the single-screw extruder GOTTFERT at the
temperatures of zones T=T,=T3=250°C.
During moulding the pressure p of the melt
was registered. The apparent viscosity of
blend melt was calculated for non modified
and modified PA 6. Obtained values are
demonstrated in Table 3.

The ribbon was cooled down in the cold water
and cut into chips. The air-dried chips were
finally dried in vacuum oven at 105°C for 2
hours and used for spinning. The spinning of
dried blend chips was performed by
laboratory spinning equipment with an
extruder ®=16 mm at T=250°C, take up
speed 150 m.min™ with lubricant (spinneret
nozzle with 13 fibrils). After spinning the
fibores were drawn to the A=3 and 4.
Composition of modified fibres is shown in
Table 3.

Mechanical properties — tensile strength and
elongation at break were measured at

Fibre-forming polymers

INSTRON 3343 where clamping length was
25 cm, deformation rate was 500 mm/min.
Obtained values of tensile strength,
elongation, Young modulus and coefficients
of variance are gathered in Tables 4 - 6.

3. RESULTS AND DISCUSSION

3.1. Properties of PA 6 and copolyamides
Time of preparation of copolyamides and
their composition are in Table 1.

Properties of PA 6 and copolyamides can be
evaluated from values gathered in the Table
2 and depend especially on the amount of
each and both comonomers and their
chemical nature. The time of synthesis has
not important influence and is given by the
viscosity of the copolyamide melt at the end
of polyreaction.

Three copolyamides have practically the
same amount of extractible low-molecular
compounds as crude PA 6. KOPA Il has
this value higher. In this KOPA Il the
amount of nylon salt ADETA is the highest
among copolyamides so it suggests the
lower ability of the nylon salt ADETA to
integrate itself into macromolecules during
the polyreaction.

Copolyamides have lower melting
temperatures compared with PA 6.
Compared each other they have higher
melting temperature at lower total amount of
comonomers (KOPA ) and vice verso
(KOPA I, 11l and 1V). The difference is about
20 K and it validates for both Trn1 and T2 as
well.

Table1 Time of polyreaction and composition of copolyamides

. Composition of copolyamides [wt.%]
Polymer | t [min] 2 comonomers | CL | AN2 | ADETA
KOPA | 220 10.7 89.3 | 5.35 5.35
KOPA I 90 23.4 76.6 | 184 5.0
KOPA Il 195 23.4 76.6 | 5.0 18.4
KOPAIV | 145 21.4 78.6 | 10.7 10.7
Vlakna a textil (1-2) 2009 5
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Table 2 Properties of PA 6 and copolyamides

Fibre-forming polymers

monomer:

Polymer Comono eTsOta| LMC N rel [TI] Tm1 AHm1 Tm2 AHm2 Tc AHc

AN2+ADETA (Wt.%] wt%] | '™ | [mlig] | [°C] | gl | [°C]1 | /9] | [°Cl | [V/g]

. /0

PA 6 0+0 0 =12 1.68 118 221 77.9 212, 220 62.6 186 74.1
KOPA | 5.35+5.35 10.7 12.8 1.57 101 204 67.3 190, 202 43.6 155 60.4
KOPA Il 18.4+5.0 23.4 13.6 1.45 82 180 59.4 184 34.4 128 49.5
KOPA Il 5.0+18.4 23.4 15.2 1.38 71 180 61.4 178 29.3 119 48.5
KOPA IV 10.7+10.7 21.4 12.0 1.53 95 182 48.6 178 32.3 135 43.2

If times of polyreaction are compared as
dependence of reached molecular weight it
can be observed that this period is not the
most important factor. If two copolyamides
with the same total amount of both
comonomers are compared i.e. KOPA |li
(with the highest amount of nylon salt
ADETA) and KOPA Il (with the lowest amount
of nylon salt ADETA), KOPA Il with longer
polyreaction period t1=195 min has [n4]=71
ml.g”" and KOPA Il with shorter polyreaction
period t,=90 min has its molecular weight
proportionate to [n2]=82 ml.g"'so higher. This
fact again focuses to the lower ability of the
nylon salt ADETA to integrate itself into
macromolecules during the polyreaction. It is
evident that lower total amount of both
comonomers (10.7 wt.% in KOPA 1) and the
longest polyreaction period brings about the
highest molecular weight equals to [n3]=101
ml.g™". From this fact it can be concluded that
any decomposition occurs.

Thermal properties of the same polymer
depend on its thermal treatment or thermal
history and on the amount of comonomers.
Concerning melting enthalpy AHn1 if one of
comonomer prevails macromolecules are
more regularly organized and can better
crystallize, so KOPA Il and KOPA Ill have
higher melting enthalpies (67 and 59 J.g™)
compared with  KOPA IV with this value
equals to 48 J.g™' tough KOPA IV have lower
total amount of both comonomers in
macromolecules. KOPA | with the lowest
amount of comonomers in copolyamide’
macromolecules differs least from PA 6 so it
has the highest AH.,1 value among all
copolyamides.

Crystallization temperature T. has the same
dependence like melting temperature i.e. the

Vlakna a textil (1-2) 2009 6

drop equivalent to the total amount of both
comonomers. For enthalpies of
crystallization validates the same as for
melting enthalpies.

3.2 Rheological characteristics of blend
melts

According to values in Table 3 and
references [12] the apparent viscosities of
blend melt were calculated. The highest
apparent melt viscosity exhibits non
modified PA 6. All modified blend melts have
lower apparent viscosity depending on the
amount of relevant copolyamide, its
structure, melting temperature and molar
weight. The highest influence exhibits mainly
structure (higher disorder) of copolyamide”
macromolecules. Copolyamide KOPA |
obtaining lower total amount of both
comonomers have macromolecules with
longer poly-e-caprolactam segments and it is
able to conserve more intermolecular
bonding with macromolecules of PA 6 and
its melting temperature is the highest in
comparison with all other copolyamides
having higher total amount of comonomers.
Higher melting temperature brings about its
higher melt viscosity at the processing
temperature and apparent blend melt
viscosity is higher as well.

Other important factors are the molar weight
and the amount of copolyamide in the blend.
Copolyamide with lower molar weight can
act as diluting agent and the melt viscosity
drops as well. Higher amount of
copolyamide (i.e. 30 wt.%) with lower T, and
molar weight as well bring about lower blend
melt apparent viscosity. Above mentioned
factors are decisive therefore blends of PA 6
with KOPA | having the lowest amount of
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comonomers, highest molar weight and
melting temperature as well have the highest
apparent viscosities at its amount 10 and 30
wt. % in blends. Blends PA 6 + copolyamides
KOPA Il and KOPA IV with their lower melting
temperatures and lower molar weights have
apparent viscosities of blend melts lower and
blend PA 6 + KOPA Il (with the lowest molar
weight but though the same melting
temperature as KOPA Il and IV) has the
lowest apparent viscosities at both amount —
10 and 30 wt.%.

3.3 Mechanical properties of modified PA
6 fibres
Mechanical properties of PA 6 fibres modified
with copolyamides depend on the drawing
ratio and type and amount of copolyamide. At
higher drawing ratios higher tensile strengths
are reached and influence of additive can be
better evaluated. Copolyamide with higher
molar weight with macromolecules having
more homogeneous longitudinal chemical
structure has lower negative role to the
tensile strength. So copolyamide KOPA |
(with  the lowest amount of functional
comonomers and the highest molar weight)

Fibre-forming polymers

and KOPA IV (with more regular structure in
comparison with KOPA Il a KOPA Il and
with high molar weight) do not cause the
diminution of blend fibres” tensile strength at
the amount 10 wt.%. At the amount of 30
wt.% their tensile strength is lower
compared non modified PA 6 fibres but not
basically. This is valid mainly for the drawing
ratio A=3. At higher drawing ratio A,=4
macromolecules of copolyamide defend to
create the best longitudinal order of the
basic PA 6 macromolecules and cause
higher drop of tensile strength. Young
modulus is not so dependent on the type of
copolyamide. At the lower drawing ratio A=3
it is practically the same, at higher drawing
ratio A=4 it is lower and confirms the same
tendency as tensile strength.

Coefficients of variance, CV, show that the
homogeneity of blend fibres is good,
because they are not very different from
these of non modified PA 6 fibres.
Elongation of all blend fibres, at both
drawing ratios is lower compared with non
modified PA 6 fibres. Linear densities of all,
non modified and modified PA 6 fibres, are
practically at the same level.

Table 3 Average pressure p, and apparent viscosity n, of PA 6 melt and PA 6 melts modified with
copolyamides and composition of modified PA 6 fibres, rpm 50.min™

Amount & type p n Composition of fibres [wt.%]
e a a -
of [I:Iv?.g/:,f]ler [bar] | [Pa.s] | PA 6 | KOPA Cog_ponenf;éT(;opolyznrllge
PA 6 511 | 236 100 - - - -
10 %KOPA | 492 | 227 90 10 8.93 0.535 0.535
30% KOPA | 429 | 197 70 30 26.79 1.605 1.605
10% KOPAIl | 46.6 | 205 a0 10 7.66 0.50 1.84
30 %KOPAIl | 34.2 | 151 70 30 22.98 1.50 5.52
10 %KOPAIll | 42.3 | 186 90 10 7.66 1.84 0.50
30 %KOPA Il | 28.0 | 123 70 30 22.98 5.52 1.50
10 %KOPAIV | 456 | 200 a0 10 7.86 1.07 1.07
30 %KOPA IV | 36.2 | 160 70 30 23.58 3.21 3.21

Vlakna a textil (1-2) 2009 7
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Table 4 Mechanical properties and their coefficients of variance CV of PA 6 modified fibres, A=3.

Fibre-forming polymers

T4 — linear density, TS — tensile strength, E — elongation, YM — Young’s modulus

Amount and type Tq CVqq4 TS CVis | E | CVge YM CVym
of modifier [wt.%] | [dtex] | [%] | [cN/dtex] | [%] | [%] | [%] | [cN/dtex] | [%]
PA 6 303 3 2.4 11 52 | 21 36 7
101 296 3 2.5 7 44 | 24 45 4
301 309 5 2.3 8 41 16 41 7
101 304 6 2.4 8 48 | 23 41 3
3011 302 6 2.2 7 48 | 18 41 4
10 111 307 3 2.1 11 51 11 39 6
30 11l 313 2 1.8 9 47 | 15 38 7
10 IV 311 3 24 4 43 | 17 43 3
30 IV 320 3 2.1 4 39 | 12 39 6

Table 5 Mechanical properties and their coefficients of variance CV of PA 6 modified fibres, A=4.

T4 — linear density, TS — tensile strength, E — elongation, YM — Young’s modulus

Amount and type Td chd TS CVTS E CVE YM CVYM
of modifier [wt.%] | [dtex] | [%] | [cNidtex] | [%] | [%] | [%] | [cNidtex] & [%]
PA 6 228 4.0 4.5 2 26 9 52 4
101 218 29 4.2 7 17 | 17 59 6
301 224 3.2 3.7 5 18 | 14 49 3
101 228 3.4 3.9 7 18 | 17 55 6
3011 229 2.7 3.1 11 17 | 17 53 3
1011 225 21 3.7 9 15 | 17 57 6
3011 228 2.3 3.0 8 18 | 16 56 3
10 IV 228 2.4 4.0 10 17 | 17 62 5
30 IV 230 2.2 3.4 8 17 | 17 45 13

4., CONCLUSION
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. Thermal

. Copolyamides are semicrystalline
polymers and their molar weight is
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higher the total amount of comonomers
the lower the molar weight of
copolyamide. Nylon salt ADETA has
negative influence to the molar weight.
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temperature T,,, melting enthalpy AHp,
crystallization temperature T.and enthalpy
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of copolyamide” macromolecules.

. Apparent viscosities of blend melts are
lower than this for PA 6.

. At A=3 the tensile strength of PA 6 fibres
modified with 10 wt.% of copolyamides
with higher molar weight is at least at the
level of non modified PA 6 fibres.
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STRUKTURNA MODIFIKACIA PA 6 A PA 6 VLAKIEN

Translation of abstract and conclusion
Structural modification of PA 6 and PA 6 fibres

Prispevok sa zaobera syntézou a vlastnostami kopolyamidov z e-kaprolaktamu a dvoch

nylonovych soli: nylonovej soli kyseliny adipovej a dietyléntriaminu (ADETA) a nylonovej soli

kyseliny adipovej a 1-(2-aminoethyl) piperazine /AN2) a ich vyuzitim ako aditiv pre

vlaknotvorny PA 6.

Bola stanovena zdanliva viskozita zmesnych tavenin PA 6/kopolyamid a boli pripravené PA 6

vlakna modifikované 10 a 30% hm. kazdého kopolyamidu. Mechanické vlastnosti — pevnost,

taznost a Youngov modul nemodifikovanych a modifikovanych PA 6 vlakien boli porovnané.

Ziskané vysledky dovoluju konStatovat, ze:

1. Kopolyamidy su semikrystalinické a ich molova hmotnost je ovplyvnena najma obsahom
minoritnych komonomérov ADETA a AN2. Cim vy3si je celkovy obsah komonomérov tym
niz8ia je molova hmotnost kopolyamidu. Nylonova sol ADETA ma nepriaznivy vplyv na
molovu hmotnost.

2. Termické charakteristiky - teplota tavenia, entalpia tavenia, teplota a entalpia krystalizacie

odrazaju vysSiu neusporiadanost makromolekul kopolyamidu a su niZSie.

Zdanlivé viskozity zmesnych tavenin su nizSie ako zdanliva viskozita taveniny PA 6.

Pri diziacom pomere A=3 je pevnost PA 6 vlaken modifikovanych 10% hm. kopolyamidov

s vy§Sou molovou hmotnostou najmenej na urovni nemodifikovanych PA 6 vlakien.

e

Vlakna a textil (1-2) 2009 9
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STRUCTURE AND PROPERTIES OF FIBRES WITH CONDUCTIVE
ADDITIVE

P. Michlik?, O. Brejka® and M. Kristofis"

@ Research Institute for Man-Made Fibres, a.s., Sturova 2, 059 21 Svit, SK
b Department of Fibres and Textile Chemistry, Institute of Polymer Materials, FCHPT STU in
Bratislava, Radlinského 9, 812 37 Bratislava, SK

Abstract: The effect of carbon black content and fibre drawing ratio in a continual process of the
polypropylene (PP) composite fibres preparation on the technological stability of the process and

mechanical properties are evaluated in the work.

The process stability of preparation of electrically conductive PP fibres was technologically reliable
in the whole evaluated range of drawing ratios A=2-3. The basic mechanical properties of
composite PP fibres with 0-20 wt.% of carbon black and macro-morphological structure of fibres
with 0; 5 and 10 wt.% are presented. Fibre tenacity decreases, fineness and elongation at break of
modified fibres increases with increasing amount of carbon black. Uniformity of modified fibres is
proved not only by their coefficients of variance of mechanical properties but with REM pictures as

well.

1. INTRODUCTION

Polymers modified with electrically conductive
particles or polymer additives allow the
preparation of textile materials which are able
to monitor health status of their wearer, e.g.
people using methods of signal or energy
transfer.

The process of the incorporation of
electrically conductive polymers (poly-aniline,
polypyrole, polythiophene, etc.) into synthetic
fibres is a matter of great interest for research
institutes and fiber producers [1, 2]. Other
progress in this area is provided by coating of
the final fibres and/or textiles. However,
another way - the preparation of synthetic
fibres with an increased content of electrically
conductive inorganic particles is more
efficient.

Graphite, metal powders or special carbon
black provide fibres with sufficient conductive
properties as well as with good light fastness,
special colour shades, and they are
applicable for both indoor and outdoor
activities [3].

Inorganic fillers based on aluminium may be
used for the preparation of electrically
conductive materials [4]. Carbon nanotubes
are also suitable for controlled modification of
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flow polymer properties during their
extrusion [5]. Properly modified and
incorporated carbon nanotubes may be
used for the preparation of electrically
conductive textile materials intended for
sports [6, 7].

The application of carbon black with a "high"
structure in the production of electrically
conductive synthetic fibres exhibits a
particular limitation because of requested
higher content of carbon black in the fibres.
Equally, their application in masterbatch
production should be supported by using of
suitable type and content of dispersion
agent, which allows elimination of adverse
affect on the flow properties of the
masterbatch as well as its dispergation in
the fibres.

The understanding of the additive effect
allows preparation of modified PP fibres with
targeted modification of their properties for
particular applications in the area of textile
or industrial material preparation. However,
the critical task lies in managing the
disintegration in the process of masterbatch
preparation and dispergation in the process
of modified fibre preparation.
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2. EXPERIMENTAL

2.1 Materials used

Isotactic polypropylene chips (MFR=18.0 g/10
min, matrix for non and modified PP fibres,
Slovnaft Bratislava, Slovakia,

Powdered isotactic polypropylene MFR=10.0
g/10 min, Lyondell Basell, Italy,

Carbon black C.l. Pigment Black 7, Cabot
Germany,

Dispersant - condensed product based on
stearic acid and propylenenglycol.
Concentrate consisting of powdered isotactic
polypropylene, 20 wt.% of C.I. Pigment Black
7 and dispersant, MFR=17.9 g/10 min,
Filterindex = 54 MPa/kg.

2.2Methods used

The PP concentrate of carbon black was
prepared on ZDSK-28 (Werner-Pfleiderer)
double-screws kneading — granulating
extruder using the premix method from
powder blend of PP, carbon black and
a dispersant based on the condensed product
of stearic acid and propyleneglycol.

The PP composite fibres were prepared from
mechanical mixtures of PP chips and a chips
of concentrate of carbon black using the
continual procedure of spinning and drawing
on a laboratory continual line with an extruder
diameter of ®=16 mm, spinneret nozzle
40/0.5 mm, at temperature T=225°C, with a
one—step cold drawing and the final continual
process speed of 200 m/min.

Mechanical properties were measured on
INSTRON 1122 and evaluated according to
STN EN ISO 1973, 5079, 2062 - Standard
methods for evaluation of mechanical
parameters.

Macro-morphological structure was evaluated
from pictures made on REM microscope Jeol
JSM35 according to PND 129-97-01 - REM
Determination of internal macro-
morphological structure and composite fibre
surface by microscopy method.

Filterindex was measured according to PPS
8/97 - Determination of filterindex,
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Melt flow rate MFR was measured according
to STN EN ISO 1133 Plastics -
determination of flow index thermoplastics.

3 RESULTS AND DISCUSSION

The process stability of the continual
preparation and drawing of PP composite
fibore was judged from the point of reached
drawing ratio, fineness, = mechanical
properties, character of surface and internal
macro-morphological structure. Mechanical
properties — fineness, tenacity and
elongation at break and their coefficients of
variance are gathered in Table 1. REM
pictures of non-drawn and drawn fibres are

on Figure 1.

The process stability of electrically
conductive PP fibres preparation was
technologically reliable in the whole

evaluated range of drawing ratios A=2-3.
Comparison of mechanical properties of
non-modified and modified PP fibres shows
important negative influence of carbon black
to these properties, mainly for tenacity. If the
content of carbon black increases from the
amount of 0 to 10 wt.% the fibre tenacity
decreases linearly and more slowly than at
the amount of 15 and 20 wt.% of carbon
black in modified PP fibres.

The drop of tenacity in the interval 0 to 10
wt.% of carbon black content is to 83-89%
(according to drawing ratio), at 15 to 20
wt.% it decreases abruptly to the level 50%
of tenacity of non modified PP fibres.

For A=2 and A=2.5 elongation at break rises
up to 10 wt.% of carbon black in modified
fibres and then decreases at 15 and 20 wt.%
of carbon black in modified PP fibres but it is
higher than elongation for non modified PP
fibres (with the exception of 20 wt.% of
carbon black at A=2 when it is lower).

In the same time the composite PP fibre
fineness linearly rises in all increasing
additive content in fibre approximately from
5% to approximatelly 16% for A=2 and
A=2.5. It is the logical consequence of much
higher density of carbon black in comparison
with matrix of PP fibres.
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Carbon Black 0,6% Carbon Black 5% arbon Black 10%
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undrawn fibres

drawn fibres

Figure 1 REM pictures of PP fibres modified with electrically conductive carbon black, magnification
660x

Table 1 The effect of the carbon black content and drawing ratio A on mechanical properties of the PP
composite fibres

Carbon black content 2 Fineness | CVg | Tenacity | CV; |Elongation| CVg
[wt.%] [dtex] [%] |[cN/dtex]| [%] [%] [%]
2.0 6.0 1.1 1.9 10.3 122.3 8.7

0 25 6.1 0.2 2.4 6.1 95.5 6.7
3.0 6.1 0.6 2.7 6.3 82.5 12.9

2.0 6.3 0.6 1.8 7.3 138.9 11.3

5 25 6.3 0.3 2.2 5.2 109.4 11.8
3.0 6.3 0.8 2.5 7.4 88.5 10.5

2.0 6.5 0.8 1.6 6.4 153.6 7.3

10 25 6.6 04 2.0 10.2 128.2 9.8
3.0 6.6 0.2 2.4 5.3 99.8 9.9

2.0 6.7 0.3 1.3 5.3 124.6 6.1

15 25 6.7 0.5 1.5 8.5 106.5 54
2.63-max 6.7 0.8 1.8 6.3 102.8 6.9

20 2.0 7.0 04 1.0 5.5 112.9 7.9
2.5-max 7.1 0.4 1.2 5.1 106.0 5.2

According to coefficients of variance of CVg, CVr and CVg, uniformity of composite
fineness, tenacity and elongation as well, PP fibres compared with this of non-
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modified standard PP fibres is practically
comparable in the whole range of additive
content and drawing ratios A.

Photos of REM microscopy prove the high
and uniform  dispergation degree of
electrically conductive additive in composite
PP fibre containing up to 10 wt.% of carbon
black without marked inhomogenities in the
interfibrillary areas and fibre surface.
Surfaces of non-drawn as well as drawn
fibres are smooth without surface defects.
Peeled fibres show internal uniformity and
compact macro-morphological structure.

4 CONCLUSION

The process stability of electrically conductive
PP fibres preparation is technologically
reliable.

Carbon black as additive is effectively
dispersed in PP matrix up to 10 wt.% and in
all interval of its amount considerably affects
the final mechanical properties of modified
polypropylene fibres.

Tenacity of modified PP fibres decreases
slowly up to 10 wt.% of carbon black and
radically with another increasing content of
carbon black.
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Fineness and elongation at break of
modified PP fibres increase with increasing
content of carbon black.
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STRUKTURA A VLASTNOSTI VLAKIEN, S OBSAHOM ELEKTROVODIVYCH
ADITiV

Translation of article
Structure and properties of fibres with conductive additive

Abstrakt: Vplyv obsahu sadzi a diziaceho pomeru v kontinualnom procese pripravy kompozitnych
polypropylénovych (PP) viakien na technologicku stabilitu procesu a mechanické vlastnosti su

prezentovaneé v prispevku.

Technologicky proces pripravy elektricky vodivych PP viakien je spolahlivy v celom skimanom
rozsahu je vplyv obsahu diziaceho pomeru vidkna A=2.0-3.0.

Zakladné mechanické vlastnosti kompozitnych viakien obsahujucich 0—-20% hm. sadzi Carbon
Black 7 a makromorfologicka Strukttra viakien s 0.6% hm., 5% hm. a 10% hm. st vyhodnotené.
Pevnost’ modifikovanych PP viadkien klesa, jemnost a taznost stipa s rasticim obsahom sadzi.
Rovnomernost’ modifikovanych viakien je potvrdena nielen variaénymi koeficientmi mechanickych

vilastnosti, ale aj REM obrazkami.

1. UVOD

Polyméry modifikované elektricky vodivymi
Casticami alebo polymérnymi aditivami
dovoluju pripravu textiinych materialov, ktoré
su schopné pouzitim prenosu signalu alebo
energie sledovat zdravotny stav ich nositelov
teda ludi.

Proces  vnesenia  elektricky  vodivych
polymérov (polyanilin, polypyrol, polytiofén,
atd.) do syntetickych vlakien je oblastou
velkého zaujmu vyskumnych organizacii
a vyrobcov vlakien [1, 2]. Iny smer v tejto
oblasti spifia povrstvenie vlakien a/alebo
textilii. AvSak priprava syntetickych vlakien so
zvySenym obsahom elektricky vodivych
anorganickych €astic je uc€innejSia.

Grafit, kovové prasky alebo Specialne sadze
davaju vlakna s dostatoCnymi vodivymi
vlastnostami, dobrou svetelnou odolnostou,
Specialnymi  farebnymi  odtiefimi  a su
pouzitelné pre cinnosti vo vnutri iv prirode
[3].

Anorganickeé plniva na baze hlinika mézu byt
tiez pouZzité na pripravu elektricky vodivych
materialov [4]. Uhlikové nanotrubicky su tiez
vhodné pre kontrolovanu  modifikaciu
tokovych vlastnosti polyméru poc€as ich
extruzie [5]. Spravne modifikované a vnesené
uhlikové nanotrubicky mdézu byt pouzité pre
pripravu  elektricky  vodivych textilnych
materialov ur¢enych pre Sport [6, 7].
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Pouzitie sadzi s ,vysokou“ Strukturou
v priprave elektricky vodivych syntetickych
vlakien predstavuje Specialne obmedzenia
v désledku nutného vysokého obsahu sadzi
vo vlaknach. Rovnako aj ich pouzitie pri
priprave koncentratov musi byt podporené
pouzitim  vhodného typu a mnozstva
dispergatora, aby sa odstranil nepriaznivy
efekt na tokové vlastnosti koncentratu a jeho
dispergaciu vo vlaknach.

Pochopenie vplyvu aditiva dovoluje pripravu
modifikovanych PP vlakien s usmernenou
modifikaciou ich vlastnosti pre zvlastne
pouzitie v oblasti textilu alebo v priprave
priemyselnych materialov. Zavazna uloha
vS8ak tkvie vzvladnuti  dezintegracie
v procese pripravy koncentratu a dispergacii
v procese pripravy modifikovanych vilakien.

2. EXPERIMENTALNA CAST

2.1Pouzité materialy
Granulovany izotakticky polypropylén, 1T=18

g/10  min, Slovnaft, a.s., Slovenska
republika,
Praskovy izotakticky polypropylén, IT=10

g/10 min, Lyondell Basell, Taliansko,
Dispergator — kondenzacny produkt kyseliny
stearovej a propylénenglykolu,
Sadze C.I. Pigment Black 7,
Nemecko

Cabot,
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Koncentrat pozostavajuci z praskového PP,
20% hm. Pigment Black 7 a dispergatora,
IT=17.9 g/10 min, filterindex = 54 MPa/kg

2.2Pouzité metody

Koncentrat bol pripraveny na dvojzavitkovom
mieSacom granulacnom extruderi ZDSK-28
(Werner-Pfleilderer) pouzitim praskového PP,
sadzi a disperatora.

PP kompozitné vlakna boli pripravené z
mechanickej zmesi granulovaného PP a
granul koncentratu pouzijuc kontinualny
proces zvlakfovania a diZenia na laboratérne;
kontinualnej linke s extraderom priemeru
®=16 mm, zvlakhovacia hubicu 40/0,5 mm,
pri teplote T=225°C, s jednostupfiovym
studenym diZzenim a koneénou rychlostou
kontinualneho procesu 200 m/min.
Mechanické vlastnosti boli merané na pristroji
INSTRON 1122 a vyhodnotené podla normy
STN EN ISO 1973, 5079, 2062 - Standardné
metody pre vyhodnotenie mechanickych
parametrov.

Makromorfologicka Struktura bola
vyhodnotena zo snimok vyhotovenych na
pristroji REM mikroskop Jeol JSM35 a podfa
PND 129-97-01 — REM Urcenie vnutornej
makromorfologickej Struktury a povrchu
kompozitnych vlakien mikroskopickou
metddou.

Filterindex bol stanoveny podla normy PPS
8/97 — Stanovenie filterindexu

Index toku bol merany podla STN EN ISO
1133 Plasty — Stanovenie indexu toku
termoplastov.

3. VYSLEDKY A DISKUSIA

Stabilita procesu poc€as kontinualnej pripravy
a dizenia PP kompozitnych vlakien bola
posudzovana z hladiska dosiahnutého
diziaceho stupna, jemnosti, mechanickych
vlastnosti, charakteru povrchu a vnutornej
makromorfologickej Struktury modifikovanych
vlakien. Mechanické vlastnosti — jemnost,
pevnost, taznost a ich variacné koeficienty
su v Tabulke 1. REM obrazky nediZzenych a
dizenych viakien st na Obr. 1.
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Stabilita procesu pri priprave elektricky
vodivych PP vlakien bola technologicky

spolahliva v celom skumanom rozsahu
diziacich stupriov A=2-3.
Porovnanie mechanickych vlastnosti

nemodifikovanych a modifikovanych PP
vlakien ukazuje délezity negativny vplyv
sadzi na tieto vlastnosti, najma na pevnost.
Ak obsah sadzi stupa z obsahu 0 na 10%
hm. pevnost vlakien klesa linearne a
pomalSie ako pri obsahu 15 a 20% hm.
Pokles pevnosti v rozsahu obsahu sadzi O -
10% hm. je 83-89% (podla diZiaceho
pomeru), pri obsahu 15% hm. a 20% hm.
sadzi klesne prudko na uroven 50%
pevnosti nemodifikovanych PP vlakien.

Pri diZiacich pomeroch A=2 a A=2,5 stupa
taznost az do obsahu 10% hm. sadzi v
modifikovanych vldknach a potom klesa pri
obsahu 15 a 20% hm., ale je vySSia ako
taznost nemodifikovanych PP vlakien, s
vynimkou 20% sadzi pri A=2 kedy je nizSia.
Jemnost kompozitnych vlakien rovnako
linearne rastie so stupajucim obsahom
aditiva v hmote vlakna priblizne od 5% do
asi 16% pre A=2 a A\=2,5. ZvySenie jemnosti
je logicky désledok ovela vy$Sej hustoty
sadzi v porovnani s matricou PP vlakien.
Podla variaCnych koeficientov jemnosti,
pevnosti a taznosti CVg, CV:r a CVg
nemodifikovanych a modifikovanych PP
vlakien je rovnomernost’ vSetkych
kompozitnych vlakien porovnatelna v celom
rozsahu obsahu aditiva a diZiacich pomerov.
Obrazky z REM mikroskopie dokazuju
vysoky a rovnomerny dispergacny stupen
elektricky vodivého aditiva v kompozitnych
PP vlaknach obsahujucich do 10% hm.
sadzi bez pozorovatelnych nehomogenit v
medzifibrilarnych oblastiach a na povrchu
vlakna. Povrch nedizenych ako aj dizenych
vlakien je hladky bez povrchovych defektov.
Odlupané vlakna vykazuju  vnutornu
rovnorodost’ a kompaktnu
makromorfologicku Strukturu.
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4. ZAVER

Stabilita  procesu
elektricky  vodivych
technologicky spolahliva.

Sadze ako aditivum su ucinne dispergované
v PP matrici do obsahu 10% hm. a v celom
rozsahu jeho obsahu znaéne ovplyvriuju

kontinualnej
PP

pripravy
vlakien je
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konecné mechanicke vlastnosti
modifikovanych PP vlakien.

Pevnost modifikovanych PP vlakien klesa
pomaly do obsahu 10% hm. sadzi a
radikalne pri dalSom zvySeni obsahu sadzi.
Jemnost a taznost modifikovanych PP
vlakien stupa so zvySujucim sa obsahom

sadzi.
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Abstract: This paper deals with the preparation , structure and properties of integrated textiles
from a mixture of polylactide (PLA), bamboo (Bs), cotton (ba), and polypropylene (PP) fibres.
Fibres used to prepare integrated textiles — fibrous materials — represent a raw material base of
synthetic, microbial and cellulose polymers and are made from conventional and renewable
sources of raw materials. In terms of physical properties, these fibres are hydrophobic (PLA, PP),
hydrophilic (Bs, ba), biodegradable (Bs, PLA, ba), and biocompatible, with natural antimicrobial

efficacy.

Integrated fibrous materials — textiles based on mentioned types of fibres — allow for the
preparation of products for clothing, indoor textiles and technical textiles with a wide range of
physical-mechanical, physiological and utility properties. Properties were evaluated using objective
physical-chemical methods and a subjective method of assessment by figurants who participated
in the wearing test. This paper builds on our previous publication [1].

1. INTRODUCTION

The requirements for textiles designed for
clothing, indoor furnishings and technical
textiles are increasing today not only with
regard to  their physical-mechanical
properties, but mainly physiological and
specific utility properties, such as natural
antimicrobial efficacy, biocompatibility, etc.
The properties related to environmental
issues, such as biodegradability and
recyclability of textile products, are also very
important. The problem of raw materials is of
high importance too, emphasis being on the
exploitation of renewable raw materials with
suitable processing and utility properties.
Fibrous materials intended for the preparation
of products for clothing must offer good
thermal-physiological and  skin-sensorial
comfort while worn during various human
activities and in different climatic conditions
[1-3].

The raw materials used for the preparation
must not present any risks for human health
with regard to their molecular structure and
chemical composition. As the requirements
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on qualitative parameters and broad range
of utility properties of household textiles
increase, efforts are aimed at the
preparation of integrated textiles based on
synthetic, microbial, and cellulose fibres.
Our studies focus on the preparation of
integrated fibrous materials — textiles based
on PLA, PP, Bs and ba fibres and their
mixtures. In this paper we describe the
structure and properties of used fibres and
the structure and properties of knitted fabrics
and products — socks with mentioned
material base [1-9]. The characteristics and
basic properties of PLA and Bs fibres are
presented in the next section.

Today the attention is focused on microbial
polymer systems which are made on the
basis of natural renewable non-toxic
products [9-13].

The most explored is the production of
polylactic acid, but there are also other well-
know polymers, such as polycapro-lacton,
polybuthylene  succinate and  poly-3-
hydroxybutyrate. Polylactic acid is an
aliphatic thermoplastic polyester which is
produced today from agricultural products
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(corn, potatoes, sugar-beet, sugar-cane and
waste biomass). Carothers was the first to
produce polyactic acid from lactic acid with
low molecular weight in 1932 [3]. Thanks to
their biodegradability and biocompatibility,
products from polylactic acid have been used
in various areas of industrial and social
applications over the past 40 years. The
production of PLA and fibres is carried out by
several Japanese and American companies
[4-7]. In 2008, the production of PLA was
expected to be of 400.000 t/year [10].
Polylactic acid (PLA) is prepared in two ways
[8]:
- direct polycondensation of lactic acid
- indirectly via dimer-lactid by
polymerization with opening of the ring.

=N
lactic acid

H,0

moly3.6-dimeryl-1 4-dioxan-2,5-dion)
CHa
5 /
0

=

o]
lactide

Figure 1 Production of PLA [12]

Polylactic acid belongs to the group of
microbial polymers with lyotropic and
thermotropic character. PLA has the thaw
point of 175°C, temperature of crystallization
of 103°C, temperature of glass transition of
58°C and humidity absorption of 0.5%

For these reasons the preparation of fibres
can be carried out from solution or from
polymer melt. Today the PLA fibres are
prepared by means of a standard process
from polymer melt. Physical-mechanical
properties of fibres (silk, clip, NM) are
comparable with the properties of classic
synthetic fibres [9].

Another interesting type of fibres from
renewable raw materials is bamboo fiber,
which in addition to their biodegradability also
have natural antimicrobial effectiveness.
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Bamboo fiber is regenerated cellulose [11-

13].
Bamboo is a general term for a group of
high woody grasses (subfamily

Bambusoideae, genus Andropogoneae /
Poaceae). It grows in the original vegetation
in many parts of tropical, subtropical and
temperate zones.

There are about 1250 known species from
75 genus. The majority are relatively fast-
growing, maturing in the fifth year of life.
Only recently, the textile materials from
bamboo were introduced on the market of
clothing industry. A bamboo called Moso
(Phyllostachys puberscens, Figures 2 and 3)
is used for the production of fibres. It can
grow up to 20 m of height with an average
diameter of stalk 6-18 cm. Industrial use of
this species does not influence the natural
ecosystem, because it is not a source of
food for animals.

Figure 2 Bamboo -
puberscens) [11, 16]

Moso (Phyllostachys

The bamboo species occur mostly in the
tropics, but also in subtropical and
temperate zones with latitudes between 46°
and 47°, up to 4000m above sea level.
About 1000 species are present in Asia, in
the area of over 180,000 km?. China itself
has about 300 species from 44 genus in the
area of 33,000 km?. India is also one of the
countries  with the largest bamboo
populations with 130 species in the area of
96,000 km?.
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Figure 3 Sections of bamboo stalk, A -
longitudinal section; B - cross-section [11]

Other areas with important bamboo
production and use are in Bangladesh,
Indonesia, and Thailand. Bamboo grows
without the use of pesticides. Only rarely it is
attacked by harmful insects or infected by
organisms able to induce diseases. Scientists
have found out that bamboo contains an
antibacterial and bacteriostatic bioagent
called “bamboo KUN®. This substance is
preserved in the finished bamboo cloth,
because it is firmly bound to bamboo
cellulose molecule. Antibacterial functions,
bacteriostatic properties, and deodorization of
bamboo fibrous materials were confirmed by
Japanese Textile Control Association even
after fifty washings. The results of tests also
show the death rate of bacteria present on a
bamboo fibrous cloth of more than 70% when
[13]. Bamboo fibres belong to the group of
cellulose fibres, as we already mentioned.
Thus, molecular chains of cellulose are
considered to be stiff or semi-stiff.

4 CH:OH

—
Figure 4 Molecular structure of cellulose unit [2]

The processing of bamboo in order to
produce the textile substrate from the plant is
done mechanically and chemically. In the
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mechanical process, the woody parts of the
bamboo plant are crushed, and then natural
enzymes are wused to create slurry
substance so that natural fibres could be
mechanically separated and processed to
form the yarn. This process is ecologically
acceptable. The chemical process of the
preparation of fibres uses bamboo cellulose
and is similar to the production of viscose
fibres [15]. Cross geometry and longitudinal
geometry is similar to viscose fibres (skin
effect, rugged).

Table 1 Physical-mechanical properties of
bamboo fibres are similar to viscose fibres [15]

Properties Bamboo
Tenacity in dry conditions [cN/dtex] 2.3
Tenacity in wet conditions [cN/dtex] 14
Elongation in dry conditions [%] 24
Moisture content [%] 13

2. EXPERIMENTAL PART

Our experimental studies were focused on
the preparation of integrated fibrous
materials and the evaluation of their
structure, physical-mechanical, physiological
and utility properties. Fibrous materials —
knitted fabrics were prepared from
polylactide (PLA), bamboo (Bs), cotton and
polypropylene fibres and their mixtures.
Structure and properties were assessed
using objective physical- chemical methods,
while utility properties of the products
(socks) were evaluated by subjective
methods of assessment by figurants who
participated in the wearing test. Fibres used
to prepare the knitted fabrics we evaluated
with regard to their physical-mechanical
properties and contents of heavy metals
(PLA and Bs fibres).
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Table 2 Physical-mechanical properties of fibres and yarns (STN EN I1SO 2060 and 2062)

Sample 100% PP 100% PLA 100% Bs 100% ba
mean mean mean mean
Linear density [tex] 17.30 63.31 29.17 29.72
Tenacity [cN] 432.05 376.40 417.30 417.30
Elongation [%] 67.92 33.47 10.12 5.37
Relative tenacity [cN/dtex] 2.49 0.59 1.43 1.30
PPM 142 - - -

PP silk, PLA yarn, Bs yarn, ba yarn

Table 3 Content of heavy metals in PP, PLA, Bs fibres and yarns (PND 1299501) in [mg.kg™']

Assessed PP PLA Bs

parameter
arsenic < 0.001 < 0.001 < 0.001
plumbum <0.1 <0.1 <0.1
cadmium <0.05 <0.05 <0.05
chrome <0.15 <0.15 <0.15
cobalt <0.3 <0.3 <0.3
copper <0.1 <0.1 <0.1
nickel <0.2 <0.2 <0.2
mercury <0.002 <0.002 <0.002
zinc - - 2.22 +0.04

The concentration of heavy metals in PP,
PLA and Bs fibres is within limits, thus we can
confirm that the fibres used to prepare fibrous
materials are not harmful to the health.

hollow fibres.

Cross-sections of PLA, Bs and PP fibres
used to prepare integrated fibrous materials
(yarns and socks) are shown in Figure 5.
For Bs fibres, the cross section shows Bs
fibores with skin effect.

PP and PLA are

Figure 5 Cross-sections of Bs, PP and PLA fibres. a—Bs; b — PP; c— PLA; d - ba
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In the next stage of our experimental work we

evaluated macromorphological structure of

knitted fabrics, physical-mechanical and

physiological properties of knitted fabrics in

the following samples:

- knitted fabric with material composition
100% PP

- knitted fabric with material
100% PLA

- knitted fabric with material
100% Bs

- knitted fabric with material
35% PP and 65% PLA

- knitted fabric with material
46% PP and 54% Bs

composition
composition
composition

composition

c) LS knitted fabric Bs
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- knitted fabric with material composition
30% PP.

The macromorphological structure was
measured using image analysis (stereo
magnifying glass STM 723, colour image
camera SONY CCD-IRIS, software IMPOR
4.0 Professional) [14].

Macromorphological structure of knitted
fabrics samples at 7-fold magnification is
shown in Figures 6a to 6f for both face sides
(LS) and reverse sides (RS). Physical-
mechanical properties of knitted fabrics are
shown in Table 4.

i

c) RS knitted fabric Bs
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"

Figure 6 Macromorphological structures of samples of knitted fabrics with different material

composition

Table 4 Physical-mechanical properties of knitted fabrics (STN EN I1SO 139 34-1, STN ISO 3801,

STN EN 1497)

) LS knitted fabric PP/PLA/Bs

Textile materials

£

f) RS knitted fabric PP/PLA/Bs

. . . . Number of holes
Tenacity | Elongation | Weight per unit area 2
Sample IN] [%] [g/m?] per 1cm
Row Column
100% PP 863 169.0 273.3 6 9
100% ba 442 92.0 257.5 6 9
100% PLA 226 81.5 197.7 6 8
100% Bs 293 87.0 269.7 6 8
65% PLA/35%PP 552 127.6 336.2 6 9
54%Bs | 46%PP 572 117.8 282.3 6 9
16% Bs/54% PLA/30% PLA 546 112.8 370.8 6 8.5
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Physiological properties of knitted fabrics
were evaluated with regard to moisture
transport (by means of capillary action STN
800828) and heat transport (by means of
contact method ALAMBETA) [1].

Textile materials

Mean values of capillary action of knitted
fabrics are shown in Table 5.

Parameters describing thermal—insulating
properties of knitted fabrics are shown in
Tables 6 and 7.

Table 5 Average values of capillary action of knitted fabrics

after 2 min after 30 min
Sample
Column [ecm] [ Row [cm] | Column [ecm] | Row [cm]
100% PP 7.1 6.7 7.22 6.7
100% ba 0 0 0 0
100% PLA 0 0 0 0
100% Bs 9.4 8.2 14.4 13.2
65% PLA/ 35% PP 0.8 0.8 0.9 0.9
54 % Bs/ 46% PP 10.2 9.5 14.8 13.5
16% Bs/ 54% PLA/ 30% PP 4.5 3.5 4.8 3.8
Table 6 Thermal-insulating properties of knitted fabrics on the face side (LS)
Sambles A107 b r.10” h q
P W.m' K" | W.m2s"K"] | W.".m?K] | [nm] | [W.m?]
o mean 55.2 160 22.6 1.24 1.27
100% PP Vi [%] 0.8 1.2 1.2 0.6 0.9
o mean 36.8 80.2 341 1.26 0.69
100% PLA Vi [%] 15 2.8 2.2 3.2 15
o mean 50.4 141 22.2 1.12 1.16
100% Bs Vi [%] 15 15 17 16 | 15
o o mean 44.7 123 36.8 165 | 0.87
65%PLA/35% PP Vi [%] 1.1 4.4 14 0.5 6.1
. . mean 48.8 124 32.3 158 | 0.78
54%Bs/46% PP - Tt 14 15 15 10 | 341

Table 7 Thermal-insulating properties of knitted fabrics on the reverse side (RS)

Samples )"1-(1)-3 - -2b 112 11 ':510-32 h a,

[W.m".K'] [ [W.m™.s “.K] | [W..m".K] | [nm] [ [W.m™]

CE e
100% PLA w28 75 59 [ ac
100% Bs w20 55 26 17 [ 56
O e e e
ooseire S B
16%Bs/54%PLAI30% PP 18R — 5 35 T ir [ 36

Notes: A — specific thermal conductivity, b — thermal absorbance, r — thermal resistance per unit area,
h — thickness of knitted fabric, q — thermal flow

Vlakna a textil (1-2) 2009
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Table 8 Assessment of utility properties using five grade rating [12]

Samples A

i
m

Feel

silkcy, tender

solid, rough, soft |5
solid, rough, soft |

soft, silley
soft, silky

Resistance
to abrasion

h 4
: solid, rough, soft |m

Pilling

v

Thermal - insula-
ting properties

‘

4
p
b

v

stability of shapes

b m

Vv VvvYy

> pH| D

Wearing comfort

4 He

e

v EY VvV

> He

evaluation grade : 5 - excellent

. evaluation grade : 3 - good

x evaluation grade © 1 - inconvenient

The evaluation of physiological and utility
properties of integrated textiles — knitted
fabrics and their products — socks was carried
out using objective physical-chemical
methods and subjective methods of
assessment by figurants who participated in
the wearing test. To assess the utility
properties (wearing test) we prepared socks
with following material composition:

A - sample with material composition 100%
PP

B - sample with material composition 100%
PLA

C - sample with material composition 100%
Bs

D - sample with material composition 65%
PLA/ 35% PP

E - sample with material composition 54% Bs/
46% PP

F - sample with material composition 16% Bs/
54% PLA/ 30%PP

The figurants evaluated following parameters

[12]:
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h evaluation grade : 4 - very good

‘ evaluation grade : 2 - weal

feel

resistance to abrasion

pilling

thermal-insulating properties
stability of shapes

wearing comfort.

The characteristics of utility properties
related to wearing are described in our
previous work [12]. Obtained results from
figurants are shown in Table 8.

3. DISCUSSION

The experimental part of our work was
focused on the preparation of integrated
textiles based on fibres from synthetic (PP)
and microbial (PLA) polymers and cellulose
polymers (bamboo, cotton). Integrated
textiles were prepared in the form of knitted
fabrics, which also allowed for the
preparation of model socks as a final
product. Fibres and integrated fibrous
materials (knitted fabrics, socks) were
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evaluated with regard to their physical-
mechanical properties, geometry
(macromorphological structure), physiological
properties (thermal conductivity, moisture
transport), and utility properties (wearing
comfort).

Physical-mechanical properties and geometry
of used fibres are shown in Table 2. As can
be seen, fibres with different geometries,
namely PP fibres in the form of an infinite
fibre shaped by the air and PLA, Bs, and ba
fibres in the form of yarns, were used to
prepare the knitted fabrics. These input
materials also have different mechanical
properties (Table 2). To obtain knitted fabrics
with suitable tenacities, the use of PP fibres
with the highest tenacities, which depend on
their molecular and supramolecular structure,
is essential.

The evaluation of macromorphological
structure of fibres was carried out using light
microscopy. Cotton fibre (Figure 5d) has a
typical flattened ribbon geometry of hollow
fibres. The used PP fibres (Figure 5b) and
polylactid fibres (PLA) (Figure 5c) are hollow
fibores with a non-circular cross-section.
Hollow PP and PLA fibres were used in order
to improve physiological properties, thermal-
insulating properties in particular. Bamboo
fibre (Figure 5a) has a typical cross-section
(skin effect), which is characteristic for
cellulose fibres prepared from the solution of
cellulose xanthate — viscose. Microscope
images of cross and longitudinal sections of
bamboo stalk typical for natural materials
based on cellulose-lignin composites are
shown in Figures 2 and 3.

To assess the integrated textiles and their
products with regard to their potential harmful
health effects, we analyzed their extractability
of heavy metals. Results shown in Table 2
demonstrate that the content of heavy metals
in PP, PLA and Bs fibres is within limits.
Thus, we can state that these types of fibres
are not harmful to the health.
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Antimicrobial efficacy of Bs fibrous materials
and their mixtures with PP fibres was
evaluated using method AATCC 2001. The
analysis was carried out in UVN
Ruzomberok in the laboratory  of
microbiology. Results obtained from the
evaluation of antimicrobial modification are
shown in Figure 7.

y
1007

801"

601

404

204

Antimicrobial efficacy (%o)

0

ba Bs
99,98
99,97

Bs/PP
99,97
99,96

O SPA 0
B E.coli 1]

Figure 7 Antimicrobial efficacy (Staphylo-coccus
aureus, Escherichia coli) of knitted fabrics.

Results from the analyses suggest that Bs
fibrous materials and their mixtures with PP
show natural antimicrobial modification
against following microorganisms:
Staphylococcus aureus CCM 3953,
Escherichia coli 3954.

The thermal-insulating properties of knitted
fabrics were evaluated using the device
Alambeta. Data of specific thermal
conductivity (Tables 6 and 7) suggest that
the samples of knitted fabrics from 100%
PLA have the most favourable thermal-
insulating properties, both on the face side
and the reverse side, because they had the
lowest thermal conductivity (A). Samples
from 100% PP and 100% Bs fibres had
higher thermal conductivity. Therefore, the
integrated knitted fabrics with the best
thermal-insulating  properties were the
samples with material composition 65% PLA
/ 35% PP, while lower values were obtained
for samples with material composition 54%
Bs /46% PP.
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Table 9 Scanned temperatures of foot surfaces in male figurants

Left foot | Right foot | PP Bs PLA | PLA/PP | Bs/PP | Bs/PLA/PP
Tmin [ C] | 31.52 30.83 28.68 | 29.36 | 30.47 | 30.79 30.35 | 30.40
Tmax [ C] | 33.63 33.78 31.04 | 32.39 | 32.54 | 32.21 31.89 | 32.28
Tavg [ C] | 32.66 32.64 30.24 | 31.67 | 31.63 | 31.57 31.24 | 31.56

1) - minimal temperature
2) - maximal temperature
3) - mean temperature

The values for thermal absorbance and
thermal resistance per unit area (Tables 6
and 7) confirm that an increase in the
proportion of PP and Bs fibres leads to the
decrease in thermal-insulating properties, the
reason being increased thermal absorbance
and reduced thermal resistance per unit
area.

This property of fibrous materials is mainly
influenced by the hydrophility of Bs fibres.
The evaluation of thermal-insulating
properties of products from integrated knitted
fabrics (socks) was carried out using
thermovision camera and figurants (wearing
test).

Obtained results are shown in Table 9.

Table 9 suggests that the least amount of
heat is transmitted through the socks from
100% PP. Socks from PLA, Bs and the
mixture of PLA/PP, Bs/PP, and Bs/PLA/PP
fibores have approximately the same values.
These properties result from the molecular
structure, the properties of applied fibres and
macromorphological structure of knitted
fabrics — socks. Method of determination of
absorbance using capillary action was used
to monitor the ability of socks (knitted fabrics)
to transport the solution KMnO,4 during 2 to
30 minutes. Maximum ability of capillary
action (Table 5) was achieved in the sample
from 100% Bs fibres, both for the direction of
lines and columns. No capillary action was
observed in the sample of knitted fabric from
100% PLA. Therefore, the integrated knitted
fabric with the highest values of capillary
action was the sample with the material
composition 54%Bs/46% PP, while the
lowest capillary action was observed in the
sample with the material composition 65%
PLA/36% PP.
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Based on the evaluation of mechanical
properties of socks using the data provided
by figurants (Table 8), but without
considering the properties which were
evaluated using objective physical-chemical
methods such as antimicrobial efficacy,
biodegradability, physiological parameters
(thermal conductivity, capillary action) and
mechanical properties, we ranked the socks
with regard to their utility properties as
follows: A>E>C>D>F>B.

4. CONCLUSION

The aim of this work was to prepare
integrated fibrous materials from the mixture
of synthetic, microbial and cellulose fibres
with hydrophilic, hydrophobic, biocompatible,
antimicrobial, and biodegradable character.
Microbial and cellulose fibres are made from
renewable raw materials. Combination of
these fibres allowed for the preparation of
integrated fibrous materials with good
physical-mechanical, physiological, and utility
properties, and with good wearing comfort.

Mechanical properties of used fibres are
important to ensure suitable physical-
mechanical properties of integrated textiles.
The comparison of tenacities of integrated
textiles — knitted fabrics prepared from PP,
PLA, Bs, and ba fibres (Table 4) and the
mixtures PLA/PP, Bs/PP, Bs/PLA/PP
showed that their tenacities do not represent
an additive value but rather a synergistic
effect. This is one of the most important
results of this study of the preparation of
integrated fibrous material based on PP,
PLA, Bs, and ba fibres and their mixtures.

Macromorphological structure of integrated
fiborous materials — knitted fabrics is an
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important factor with regard to physical-

mechanical,  physiological and utility
properties. Values of air permeability are
important  parameter  which impacts

physiological and utility properties of textiles.
The stationary thermal-insulating properties,
such as thermal conductivity (A) and the
resistance pre unit area (r) are a result of the
structure of fibres on one hand, and of the
macromorphological structure of integrated
knitted fabrics on the other hand.

The evaluation of thermal-insulating
properties of the products made from
integrated fibrous materials — socks using a
contactless method with thermovision
camera confirmed that thez are the best from
PP fibres.

Fibres used for the preparation of integrated
fibrous materials (knitted fabrics and socks)
have no harmful effect to the health with
regard to the content of heavy metals, and
thus can be used for the preparation of
products applied in clothing and indoor
textiles.

The evaluation of integrated textiles — socks
from PP, Bs, and PLA fibres and their
mixtures using the so called subjective
methods with help of figurants who
participated in the wearing allows us to
define the quality of socks with regard to their
utility properties and rank them accordingly:
100%PP > 54%Bs/46%PP > 100%Bs >
65%PLA/35%PP > 16%Bs/54%PLA/30%PP
> 100%PLA.
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VEGA agency, project No. 1/0406/08.

5. REFERENCES

1. Jambrich M., Balogova, J., Vnencakova, J.,
Murarova, A., Benéikova, E., Pavlikova, E.:
Vlakna a textil 1 (15), 2008, 3-12

2. Jambrich M., Marcincin, A., Budzak D. a iny:
Historia rozvoja vyroby chemickych vidkien

Vlakna a textil (1-2) 2009 27

10.

11.

12.

13.

14.

15.

16.

Textile materials

na Slovensku a v Cechach, Special issue of
Vlakna a textil, Bratislava 1996.

Carothers W.H., Dorough G.L., Van Natta
F.J.: Journal of the American Chemical
Society 54, 1932. 761-772

Linnemann B., Sri Harwoko M., Gries T.:
Chemical Fibers International 53, 2003, 246-
433

Schmack G., Aguino E., Vogel R., Tandler B.,
Haussler L., Voigt D.: Chemical Fibers
International 5, 2005, 292-297

PLA investment with Cargill In.: Chemical
Fibers International 6, 2007, 312

Gupta B., Revagade N., Hilborn J.: Polylactid
(lactid acid) fiber: An overview, Progress in
Polymer Science 23(4), 2007, 455-482
Farrington D.W., Lunt J., Davies S,
Blackburn R. S.: Poly (lactid acid) fibres, In.:
Biodegradable and Sustainable Fibres, 2005,
kap. 6, 191-219

Yamanaka K.: Chemical Fibers International
49, 1999, 501-503

Vheeler M.: Chemical Fibers International 6,
2005, 372-376

Bencikova E.. Priprava, Struktura, vlastnosti
mikrobialnych a syntetickych polymérnych
materialov, DizertaCna praca, TnUAD, FPT
Puchov, 2008

Vnencéakova J., Jambrich M., Lukacova K.:
Struktura a vlastnosti zo zmesi bambusovych
a bavlnenych vlakien, In: Prednaska na
konferenci 59 Zjazd chemikov, ChemZi, vol.3.
No 1, Vysoké Tatry, 2007, 67

Yamashita O., Yokochi, Imanishi, H.,
Kanayama, K.: Transfer molding of bamboo,
Journal of Materials Processing Technology
192-193 (2007), 259-264

Hajduchova L.: Austentické ocele jako
progresivny material pre mechanicko
tepelné namahanie, Dizertacna praca FPT
TnU AD, 2007.

Xu Y.L, Zhang Y., Wang W.: Study on
manufacturing technology of medium density
fiberboard from bamboo, Proceedings of the
Utilization of Agricultural and Forestry
Residues, Nanjing, China, 2001, 117-123
Horbanova L.: Integrované vilaknité materially
na baze polypropylénovych, mikrobialnych a
bambusovych vlakien, Diplomova praca,
TnUAD, FPT Pdchov, 2008



Textilné materialy Textile materials

STRUKTURA A VLASTNOSTI INTEGROVANYCH TEXTILIi NA BAZE
POLYLAKTIDOVYCH, BAMBUSOVYCH, BAVLNENYCH A POLYPROPYLENOVYCH
VLAKIEN

Translation of Paper
The structure and properties of integrated textiles based on polylactide, bamboo,
cotton and polypropylene fibres

V prispevku sa pojednava o priprave, Strukture a vlastnostiach integrovanych textilii zo zmesi
polylaktidovych (PLA), bambusovych (Bs), bavinenych (ba) a polypropylénovych (PP)
vlakien. Pouzité vlakna na pripravu integrovanych textilii — vlaknitych materialov predstavuju
surovinovu bazu syntetickych, mikrobialnych a celulézovych polymérov z konvencnych
a obnovitelnych zdrojov surovin. Z hfadiska fyzikalnych vlastnosti su to vlakna hydrofébne
(PLA, PP), hydrofiiné (Bs, ba), biodegradovatelné (Bs, PLA, ba) a biokompatibilné
s prirodzenou antimikrobialnou sucinnostou (Bs).

Vlaknité integrované materialy — textilie na baze uvedenych typov vlakien umozniuju pripravu
vyrobkov pre oSatenie, bytovy textil a technické textilie so Sirokou Skalou fyzikalno-
mechanickych, fyziologickych a uzitkovych vlastnosti. Hodnotenie vlastnosti bolo
uskuto€nené objektivnymi fyzikalno-chemickymi metédami a subjektivnou metédou pomocou
probantov nosenim. Tento prispevok svojim zameranim nadvazuje na naSu predchadzajucu
publikaciu [1].
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ROLL-OFF ANGLE MEASUREMENT: COMPARISON OF PROTOTYPE
VERSIONS

S. Ninisova, J. Dvorak and L. Sturc

VUTCH — CHEMITEX Ltd., Rybniky 954/10, 011 68 Zilina, Slovakia
e-mail: chemitex@nextra.sk

Abstract: Roll-off angle is an important criterion for assessing the dynamic hydrophobicity of the
solid surfaces. In this paper, two versions of the roll-off angle equipment with different sensors,
capacitive vs. optical, are compared. Sliding angle measurements showed that absolute values of
the roll-off angles are not identical and may indicate systematic errors. No significant differences in

relative errors between two versions were found.

Key words: roll-off angle, sliding angle, superhydrophobic surface, nanostructured surface, Lotus

effect, self-cleaning surface.

1. INTRODUCTION

Nanotechnologies nowadays represent an
enormously expanding technology and they
affected various industrial sectors including
textile industry. Therein, a considerable
attention is focused on the development of
superhydrophobic and/or self-cleaning
surfaces [1-5]. The best known example of a
self-cleaning surface is a lotus leaf (Nelumbo
nucifera). Special structures separated by a
distance of 20+40pum covered Dby
epicuticular wax crystalloids were found on
the surface of the lotus leaf by means of
scanning electron microscopy (SEM) [6]. The
studies have confirmed that this combination
of roughness in micro- and nanoscale is
important for achievement of high values of
static contact angles, @H20> 150° [7, 8].

However, it becomes apparent that using the
static hydrophobicity, which is known to
depend on both surface roughness and
surface free energy [9], for the assessment of
solid surfaces' hydrophobicity is not adequate
for the achievement of the self-cleaning
effect. A better criterion appears to be the
dynamic hydrophobicity; for this contact angle
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hysteresis (the  difference between
advancing and receding contact angles) [8,
10] and the roll-off angle [11] have been
commonly employed.

In this paper, two prototype versions of an
equipment for measuring the roll-off angle,
developed in our institute, are compared.
The comparison is performed from the two
points of view, the measured values of the
roll-off angle and relative errors.

2. EXPERIMENTAL
The roll-off angle (a; the angle when a water

droplet of a certain weight/volume begins to
slide down an inclined surface and passes a

predetermined distance) measurements
were carried out on a home-made
equipment (ROLTEST 9-11, VUTCH-

CHEMITEX Ltd., Zilina, Slovak Republic).
Two different versions of the prototype were
fabricated. Version 1 (v1) was equipped with
two capacitive sensors, one to indicate
beginning of the droplet movement, the
other one to stop the movement of the
inclined plate when the droplet reaches the
end point of the predetermined distance.
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Table 1 Description of the samples

Textile materials

Sar:nop.)Ie M:::if;r?:tjif:s Material composition1 Type
1 66052-95915 76% cotton, 21% PA, 3% EL 3XDRY?
2 61826-65601 80% PA, 14% PES, 7% EL NanoSphere®
3 66361-70916 67% cotton, 31% PA, 2% EL NanoSphere®
4 78003-70522 100% cotton NanoSphere®

1PA-ponamide, EL-elastan, PES-polyester; *face: hydrophobic, self-cleaning; back: hydrophilic; ®poth sides

hydrophobic, face: self-cleaning

Version 2 (v2) was equipped with one optical
sensor located at the end point of the droplet
distance. The textile samples of the size
approximately 2 x15 cm were fixed on a
plate mounted on a rotating shaft. The
precision of the roll-off angle reading was
0.1°. Droplets of distilled water, volumes from
10 to 100 ul, were used to measure roll-off
angles.

Textile samples with nanostructured surface
and self-cleaning (lotus) effect, used for
measurement of the roll-off angle, were
purchased from the company Scholler Textil
AG, Switzerland. Sample description and
sample designation are given in Table 1.
SEM images (FE-SEM LEO 1550), ILC
Bratislava, Slovakia) of the textile sample
surfaces are shown in Figure 1. All
measurements were carried out on the face
side of the textile samples.

3. RESULTS

The roll-off angles a were measured on both
versions of the roll-off angle prototype, v1 and
v2, under identical conditions: the droplet
volume V =10, 20, 30, 40, 60, 80, and 100 ul;
the distance passed by the droplet / = 40 mm,
the number of roll-off angle measurements
n =15. The plot of the roll-off angle arithmetic
means (n = 15) vs water droplet volumes as
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well as 95 % confidence intervals are
depicted in Figure 2. The correspondence
between the measured a values was studied
by means of the linear correlation (relation
y = k.x + q). The correlation plots as well as
correlation parameters (correlation
coefficients r, slopes k and intercepts q) are
shown in Figure 3.

4. DISCUSSION

It can be noticed from SEM images of the
textile samples (Figure 1) that a compact
layer of a film with a number of clusters
occurs on the sample surfaces which cause
roughness of the surface and thus form a
dual structure on the surface. The properties
of the studied surfaces were also evaluated
by experimental self-cleaning tests [14].
Their results demonstrated that the sample
textile surfaces show properties of a lotus
leaf, i.e., they are cleanable by pure water
without presence of detergents and
mechanical forces. Further, the roll-off
measurements revealed that a water droplet
rolls down the sample surfaces, roll-off
angles for all samples varied from 10 to 20
degrees for a 60 ul water droplet. The
commercial information about this product
can be found elsewhere, e.g. in [12].
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Figure 1 SEM images of textile sample surfaces with lotus effect
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Figure 2 Plot of the roll-off angle arithmetic mean (n = 15) vs. water droplet volume. Vertical lines

designate 95 % confidence intervals

The results obtained from the roll-off angle
measurements showed (Figure 2) that the
measured values of the roll-off angles depend
on the droplet volume; the smaller droplet
mass/volume the higher roll-off angle, i.e.,
bigger droplets have lower resistance against
flow down, as it can be assumed that the
mass effect, m.g.sina, dominates over the
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surface tension effect causing the droplet on
the fabric to roll down at a lower angle
inclination [13].

The arithmetic means calculated from the
roll-off angle values (n = 15), obtained using
both prototype versions v1 and v2, were not
identical. Additionally, in several cases 95 %
confidence intervals did not overlap either
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(Figure 2). The best results were obtained for
the sample 4, where all 95 % confidence
intervals overlapped. Moreover, it should be
noticed that the values obtained using
prototype version v2 were generally lower
than those measured using prototype version
v1. The strong linear correlations (correlation
coefficients =2 0.98, see Figure 3) could also
indicate a systematic error which could have
one prototype version in comparison to the
other one due to utilisation of the different
sensors. Theoretically, the slopes of the
correlation plots should be close to one. This
was completely valid for the samples 2 and 4
(Figure 3). As the value of an intercept of the
linear correlation should be equal to 0 in an
ideal case, the best agreement of the
measured roll-off angles was obtained for the
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sample 4 as mentioned above. The
comparable results were gained also for the
sample 2. Less satisfactory results, most
likely due to higher deviations in the
intercept and slope values, were reached for
the samples 1 and 3 (Figure 3). Moreover,
the difference in the results might be related
to the properties of the studied surfaces
which could result from approximately
twofold roll-off angle values of the samples 1
and 3 in comparison to the samples 2 and 4.
This as well as the statements mentioned
above could be confirmed by the fact that
the roll-off angle measurements did not
depend on the number of measurements;
the values n=10, 15 and 20 were studied
[15].
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Figure 3 Correlation between roll-off angles measured using version 1, v1 (a(v1)) and version 2, v2
(a(v2)), r — correlation coefficient, k — slope, q — intercept
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As far as relative errors of the roll-off angle
measurements are concerned, the relative
errors for the 95 % confidence interval
depended on the number of the roll-off angle
measurements n; as expected, the relative
errors decreased with the number of
measurements n. The relative errors were
4+11% and 3.5+ 11 % for 60 ul droplet
(n=15) for version v1 and version v2,
respectively. The relative errors were reduced
by approximately 1 +2 % when the number
of measurements was increased by 5 [15].

5. CONCLUSIONS

It can be concluded that the absolute values
of the roll-off angles obtained using two
versions of the roll-off angle equipment
prototype, each equipped with the different
type of the sensor — capacitive vs. optical,
showed systematic differences in a half of the
cases. The achieved relative errors did not
actually differ for the individual prototype
versions. Therefore, when working with
various devices for measurement of the roll-
off angle, it should be kept in mind that the
values of the roll-off angles might depend on
the used device as well as on the surface
properties of the studied textile material.
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MERANIE UHLA ROLOVANIA: POROVNANIE VERZIi PROTOTYPU

Translation of contribution
Roll-off angle measurement: comparison of prototype versions

Abstrakt: Uhol rolovania je délezitym kritériom pre hodnotenie dynamickej hydrofobicity tuhych
povrchov. V tomto &lanku su porovnavané dve verzie prototypu pristroja na meranie uhla rolovania
vybavené odliSnymi typmi snimacov (kapacitné vs. optické). Vysledky experimentov ukazali, Ze
absolutne hodnoty uhlov rolovania pre skumané verzie prototypu nie su identické a pravdepodobne
vykazuju systematické rozdiely. Dosiahnuté relativne chyby sa pre jednotlivé prototypy prakticky

Kl'acové slova: uhol rolovania, superhydrofébny povrch, nanoStrukturalizovany povrch, lotosovy

neodlisuja.
efekt
1. UvVOD
Nanotechnologie su % sucasnosti

najrychlejSie sa rozvijajucou technoldgiou a
zasiahli rézne priemyselné odvetvia, medzi
inymi aj textilny priemysel. V textiinom
odvetvi sa velka pozornost sustredi na vyvoj
superhydrofébnych povrchov, resp. povrchov
so  samocistiacou  schopnostou  [1-5].
NajznamejSim  prikladom  hydrofébneho
samocistiaceno povrchu je Iotosovy list
(Nelumbo nucifera). Pomocou elektrénovej
mikroskopie sa zistilo, zZe na povrchu
lotosového listu sa nachadzaju Specialne
Struktury vzajomne vzdialené 20 +40 pm,
ktoré su pokryté epikutikularnymi voskovymi
kryStaloidmi [6]. Studie potvrdili, Ze tato
kombinacia drsnosti v mikro a
nanorozmeroch je dolezita pre dosiahnutie
vysokych hodndt statickych kontaktnych
uhlov, @HZO > 150° [7, 8]. Ukazuje sa vSak, ze

hodnotenie iba statickej hydrofobicity, ktora je
funkciou statického kontaktného uhla a podla
niektorych autorov i volnej povrchovej
energie [9], je neadekvatne pre hodnotenie
dynamickej hydrofobicity potrebnej pre
dosiahnutie samocistiaceho efektu. Na
posudzovanie dynamickej hydrofobicity sa
vyuzivaju dva  parametre, hysteréza
kontaktného uhla [8, 10] a uhol rolovania [11].
V tomto Clanku sa zaoberame porovnanim
dvoch verzii prototypu pristroja na meranie
uhla rolovania vyvinutych na nasom
pracovisku. Pristroje su porovnané z hfadiska
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dosahovanych hodnét uhlov rolovania ako i
relativnych chyb.

2. EXPERIMENTALNA CAST

Na meranie uhla rolovania (a; uhol, pri
ktorom sa kvapka urCitého objemu, resp.
hmotnosti zaCne pohybovat po naklonenej
rovine a prejde urCenu drahu) sa pouzil
pristroj ROLTEST 9-11  (VUTCH -
CHEMITEX, spol. s r.o. Zilina, SR) v dvoch
vyhotoveniach: verzia 1 (v1) bola vybaveny
dvoma kapacitnymi snimacémi, jeden na
indikaciu zaciatku pohybu kvapky, druhy na
indikaciu ubehnutia kvapky urCenej drahy a
verzia 2 (v2) jednym optickym snimacom.
Vzorka textilie o rozmeroch cca 2x 15 cm
sa uchytila na ploSinu upevnenu na oto¢nom
hriadeli. Presnost’ odCitania uhla rolovania je
0,1°. Na meranie uhla rolovania sa pouZzili
kvapky destilovanej vody s objemom
10 + 100 pl. Vzorky textilii s nanopovrchom
a samocistiacim (lotosovym) efektom
pouzité na meranie uhla rolovania boli
zakupené od firmy Scholler Textil AG,
Svajciarsko. Popis a oznacenie vzoriek su
uvedené v Tab.1, SEM snimky (FE-SEM
LEO 1550, ILC Bratislava, SR) povrchov
vzoriek su na Obr.1. VSetky merania boli
prevadzané na licovej strane textilnych
vzoriek.
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Tab.1 Oznacenie vzoriek textilii

Textile materials

Cislo Oznaé’enie podra Materialové zlozenie' Typ upravy
vzorky vyrobcu
1 66052-95915 76% ba, 21% PA, 3% EL 3XDRY?
2 61826-65601 80% PA, 14% PES, 7% EL NanoSphere®
3 66361-70916 67% ba, 31% PA, 2% EL NanoSphere®
4 78003-70522 100% ba NanoSphere®

1PA-ponamid, EL-elastan, PES-polyester; %lic: hydrofébna samodistiaca, rub: hydrofilna; *obidve strany

hydrofdbne, lic: samocistiaca
3. VYSLEDKY

Merania uhla rolovania a boli vykonané na
obidvoch verziach prototypu v1 a v2 za
identickych  podmienok: vefkost  kvapky
V=10, 20, 30, 40, 60, 80 a 100 pl; draha,
ktora preSla kvapka /=40 mm, pocet
opakovani merania uhla rolovania n=15.
Zavislost uhla rolovania (aritmetickych
priemerov z 15 merani) od velkosti kvapiek
ako i 95% intervaly spofahlivosti pre
jednotlivé vzorky su znazornené na Obr.2.
Zhoda medzi nameranymi hodnotami a sa
Studovala pomocou korelacie (zavislost
y=kx+q) medzi nameranymi uhlami
rolovania. Korelacné zavislosti ako i hodnoty
parametrov korelacnych zavislosti (korelacné
koeficienty r, smernice k a useky q) su
znazornené na Obr.3.

4. DISKUSIA

Zo SEM snimok povrchu vzoriek (Obr.1)
mozno konStatovat, Ze na povrchu vzoriek sa
nachadza kompaktna vrstva fiimu s
mnozstvom  klastrov, ktoré zapriCinuju
drsnost povrchu, a tak davaju povrchu dualnu
Strukturu. Vlastnosti povrchu s dualnou
Strukturou boli overené aj experimentalnymi
skuskami (nie su predmetom tohto C&lanku)
[14], z vysledkov ktorych vyplynulo, Ze povrch
vykazuje vlastnosti lotosoveého listu, tj. ma
schopnost’ Cistit sa len Cistou vodou bez
pritomnosti detergentov a mechanickych sil.
Kvapka vody po povrchu vzoriek roluje, uhol
rolovania sa pre vSetky uvedené vzorky
pohybuje v rozsahu 10+ 20° pre 60 pl
kvapku. Viac informacii o tomto produkte
mozno najst napr. v [12].
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Z dosiahnutych vysledkov merania uhla
rolovania vyplyva (Obr.2), Ze namerané
hodnoty uhlov rolovania zavisia od objemu
kvapky, so zmenSujucou sa hmotnostou
kvapky (resp. objemom kvapky) sa uhol
rolovania zvacsuje. VacsSie kvapky maju
vacsi odpor voci pohybu, na zaklade coho
mozno predpokladat, ze pri rolovani kvapky
dominuje efekt hmotnosti (m.g.sin a) nad
efektom povrchového napatia, a tym kvapky
roluju pri menSich uhloch.

Aritmetické  priemery uhlov  rolovania
(n=15) ziskané na verzii 1 a 2 nie su
identické a vo viacerych pripadoch nedoslo
ani k prekryvu 95 % intervalov spolahlivosti
(Obr.2). NajlepsSie vysledky sa dosiahli pre
vzorku 4, kde sa prekryvaju vsetky 95 %
intervaly spolahlivosti. Dalej treba
konStatovat, Ze hodnoty ziskané na
prototype v2 su spravidla nizSie ako hodnoty
ziskané pomocou prototypu v1. Silné
korelacné zavislosti (korelacné koeficienty v
rozsahu 0.98 +1.00, obr.3) tiez moézu
poukazovat na systematicku chybu, ktoru
mbéze mat jedna verzia prototypu voCi
druhému v dbsledku pouzitia inych
snimacov. Vychadzajuc z teoretickych
poznatkov, hodnoty smernic korelacnych
zavislosti sa maju blizit k hodnote 1. Toto
velmi dobre plati pre vzorky 2 a 4 (Obr.3).
KedZe v ideadlnom pripade ma byt hodnota
useku sledovanej zavislosti rovna O,
najlepSia zhoda v nameranych hodnotach
uhlov rolovania, ako uz bolo spomenuté
vySSie, sa dosiahla pre vzorku 4.
Porovnatelne dobre obstala i vzorka 2.
Najmenej uspokojivé vysledky sa dosiahli
pre vzorky 1 a 3 (Obr.3). Tato rozdielnost vo
vysledkoch moéze suvisiet s vlastnostami
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Studovanych povrchov, ¢o by vyplyvalo z
priblizne dvakrat vacsich hodnét uhla
rolovania vzoriek 1 a 3 v porovnani so
vzorkami 2 a 4. Toto ako aj vySSie uvedené
tvrdenia by mohli suvisiet i so skuto€nostou,
Ze dosiahnuté vysledky merania uhla
rolovania v podstate nezavisia od poctu
merani n, pricom sa sledovali hodnoty n = 10,
15 a 20 [15].

Co sa tyka relativnych chyb merania uhla
rolovania (vysledky nie su ukazané), relativne
chyby pre 95% interval spolahlivosti zavisia
od poCtu merani uhla rolovania n; relativna
chyba merania s poCtom merani n klesa. Pre
n=15 sa pri pouziti prototypu v1 dosiahli
relativne chyby v rozmedzi 4 +11°, pre
prototyp v2 v rozmedzi 3,5+ 11° pre 60 pl
kvapku. Pri zvySeni po€tu merani o pat sa
relativna chyba zniZi priblizne o 1 + 2° [15].

5. ZAVER

Zaverom mozno konstatovat, ze absolltne

Textile materials

hodnoty uhlov rolovania pre skimané verzie
prototypu  vybavené rozlicnymi  typmi
snimacov (kapacitné vs. optické) vykazuju v
polovici pripadov systematické rozdiely.
Dosiahnuté relativne chyby sa pre jednotlivé
verzie prototypu prakticky neodliSuju. Pri
praci s rozdielnymi pristrojmi na meranie
uhla rolovania treba mat preto na pamati, ze
hodnoty uhlov rolovania mézu byt funkciou
pouzitého pristroja ako i vlastnosti povrchu
Studovaného materialu.

Pod'akovanie: Tato praca bola podporena Agenturou
na podporu vedy a vyskumu SR, zmluva ¢. APVV-99-
002405. Autori chcu podakovat Ing. Milanovi
Kralikovi, CSc. za prvy podnet na vyrobu pristroja na
meranie uhla rolovania ako i za hodnotné diskusie a
cenné rady pri vyvoji metddy na meranie uhla
rolovania a Ing. Petrovi Deankovi za praktické
pripomienky.

Obr.1 SEM snimky povrchov textilnych vzoriek s lotosovym efektom.

Obr.2 Zavislost aritmetického priemeru uhla rolovania (n = 15) od objemu kvapky destilovanej vody.
Zvislymi €iarami su znazornené 95 % intervaly spolahlivosti.

Obr.3 Korelaéné zavislosti medzi hodnotami uhlov rolovania nameranych pomocou prototypu v1
(a(v1)) a prototypu v2 (a(v2)), r — korela€ny koeficient, k -smernica, q — Usek.
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MEDZILABORATORNE POROVNANIA AKO NASTROJ ZABEZPECENIA
KVALITY VYSLEDKOV PRI HODNOTENI TEXTiILIi V LABORATORIU
ANALYTIKY A ZIVOTNEHO PROSTREDIA
VUTCH-CHEMITEX, spol. s r.o. ZILINA

B. AntoSikova, B. Krabad

VUTCH-CHEMITEX, spol. s r. o. Zilina, Rybniky 954, 011 068 Zilina, SK
e-mail: chemitex@nextra.sk

Abstrakt: Ciefom tohto &lanku je uviest vybrané vysledky medzilaboratérnych porovnani ako
nastroja na sustavné zlepSovanie systému manaZérstva kvality a ziskanie dévery a spokojnosti
zakaznikov. Medzilaboratérne porovnania poskytuju silny nastroj pre budovanie, udrZiavanie,
zdokonalovanie systému manaZérstva kvality. Vysledky su silnou podporou procesu validacie
metéd, najmé jej Casti testovanie spbsobilosti. Sluzia ako nutna, nie vSak postacujuca podmienka
pre proces akreditacie vykonavany réznymi inStituciami. V &lanku je popisany zauZivany pristup
k medzilaboratérnym porovnaniam v laboratoriu analytiky a zZivotného prostredia vo VUTCH-

CHEMITEX ,spol. s r. o. Zilina.

Kl'acové slova: medzilaboratérne porovnania, akreditacia, validacia metéd, skiusky sposobilosti

1. Medzilaboratérne porovnania ako
nastroj zabezpecenia kvality
vysledkov

Medzilaboratéorne  porovnanie  (interlabo-

ratory comparison) je definované podla
ISO/IEC Guide 2 nasledovne: organizacia,
vykonanie a vyhodnotenie skusSok rovnakych

alebo podobnych predmetov alebo
materialov dvoma alebo viacerymi
laboratériami podfa vopred stanovenych
podmienok.

Medzilaboratérne porovnania a medzi-
laboratorne  skusky sposobilosti su v

suCasnosti pokladané za jeden zo silnych
nastrojov, ktoré akreditaCné organy vyuzivaju

ako nezavisly externy nastroj  pri
posudzovani  kvality = vykonu  Cinnosti
skusobnych laboratérii. Laboratéria ich

vyuzivaju s ciefom potvrdit si ucinnost
vlastného systému zabezpecenia a interného
riadenia kvality, preukazovat vzajomnu
porovnatelnost a svoju spdsobilost’ v oblasti,
v ktorej pbsobia, a to nielen vo i
akreditanym organom, ale najma
zakaznikom.

Na druhej strane, aby vysledky
medzilaboratornych porovnani mohli byt
vyuzité na ucely akreditacie, alebo aby boli
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relevantné na kontrolu ucinnosti systémov
zabezpecenia kvality v laboratoriach, musia
byt starostlivo a kvalifikovane planované,
pripravované, organizované, vyhodnotené,
interpre-tované a dokumentované.

Skusanie spésobilosti (proficiency testing) je
vyuzitie medzilaboratérneho porovna-nia na
zistenie schopnosti laboratéria vykonavat
urcitu skusku.

Medzilaboratorne skuSanie spdsobilosti je
zistenie vykonnosti jednotlivého laboratdria,
alebo preverenia splnenia kritérii pre
Specifické skusky alebo ciele a
monitorovania suladu a porovnatelnosti
vysledkov laboratérii zu€astnenych v testoch.

[1]

Skusanie spbsobilosti je popisané vo
viacerych  kapitolach  normy  EN ISO/
IEC 17025 [2].

V kapitole ,Preskumanie dopytu, ponuk

a zmluv® sa uvadza, Ze laboratérium musi
vytvorit a udrzovat postupy pre skuSanie
spbsobilosti. Tieto postupy by mali zaistit
skutoCnost, Zze laboratérium je schopné
realizovat’ poziadavky zakaznika. Tyka sa to
fyzickych, fudskych aj informacnych zdrojov.
V praxi preskimanie spdésobilosti mbze
zahfhat prave vysledky z uz absolvovanych
medzilaboratérnych porovnani.
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V kapitole  ,Preventivne  opatrenie® je
uvedené, ze je potrebné identifikovat
potrebné zlepSenia a potencidlne zdroje
nezhdd v oblasti systému kvality ako
i v oblasti odbornej. Tento postup by mal
zahrnut analyzu udajov vratane analyzy
trendov  arizik avysledkov  skuSania
sposobilosti.

V kapitole ,Validacia metod” je uvedené, ze
prave vysledky medzilaboratérnych
porovnani su jednym zo spbsobov validacie
vedla napr. pouzitia referenCnych materialov,
porovnania  sinymi  metodami  alebo
systematického  posudzovania  faktorov
ovplyvnujucich vysledok.

Medzilaboratérne porovnania podfa normy
ISO 5725[3] v typickom pripade poskytuju
odhad smerodajnej odchylky opakovatelnosti
Sr a smerodajne;j odchylky
reprodukovatelnosti sgr. Aplikacia tychto
udajov na hodnotenie neistoty je popisana
v norme ISO TS 21748 [4].

V kapitole ,Nadvaznost merani sa uvadza,
Ze tam, kde nadvaznost na jednotky Sl nie je
mozna, mozno vyuzit ucast v programoch
medzilaboratérnych porovnani.

2. Vysledky ucasti laboratéria analytiky
a zivotného prostredia
VUTCH-CHEMITEX, spol. s r.o. Zilina
v medzilaboratérnych porovnaniach.

VUTCH-CHEMITEX, spol. s r. o. Zilina je od
roku 1999 kooptovanym ¢lenom
medzinarodného zdruzenia OKO-TEX pre
textind humannu ekologiu so sidlom v
Zurichu. Skusobné laboratoria plnia délezitu
ulohu pri hodnoteni zdravotnej bezpecnosti
textiinych a odevnych materialov, vlakien a
priadzi, niti a rdéznych textiinych a
netextiinych suc€asti a doplnkov, ako su
stuhy, zipsy, gombiky a iné. Podstatou
analyz a hodnotenia je identifikacia
Skodlivych a toxickych latok v skuSanych
materialoch, ktoré by mohli akymkolvek
spdsobom ohrozit zdravie Cloveka.

Na zaklade vysledkov skuSok su pre
jednotlivé materialy vystavované
medzinarodné certifikaty OKO-TEX, ktoré
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potvrdzuju ich bezpeCnost a zdravotnu
neskodnost. Aj z tohto dovodu je profesna
sposobilost, technicka spolahlivost a dévera

v objektivnost nameranych vysledkov
délezita.
Schopnost’  akreditovanych  skuSobnych

laboratérii VUTCH-CHEMITEX, spol.s r.o.
dosahovat porovnatelné experimentalne
vysledky je systematicky kazdy rok
preverovana sekretaridtom zdruzenia OKO-
TEX, ktory organizuje medzinarodné skusky
sposobilosti s aktivnou ucCastou vsSetkych
Clenov zdruzenia.

V priebehu roka 2008 sa akreditované
skusobné laboratérium analytiky a Zivotného
prostredia zucastnilo 20-tich
medzilaboratéornych porovnani, v ktorych
bolo preverenych 18 parametrov, niektoré
opakovane, resp. vo viacerych matriciach.

Bola preverena spoOsobilost Ilaboratodria
vykonavat nasledovné skusky:
- pritomnost arylaminov - obsah

benzidinu, 4-aminoazobenzénu

- obsah organocinovych zlu€enim v
textiliach — dibutylcin (DBT)

- obsah chlérorganickych prenasacov -
1,1,1,-trichlértoluénu

- pH vodného vyluhu textilii

- obsah extrahovatelnych kovov v textiliach
— olovo, kadmium, kobalt, chrom

- obsah ortofenylfenolu (OPP) v kozi

- obsah tetrachlérfenolu (TeCP)

- obsah volného a hydrolyzovatelného
formaldehydu v textiliach

- obsah Sestmocného chromu

- pach

- obsah pesticidov — aldrin

- obsah ftalatov — benzylbutylftalat (BBP),
di(2-ethylhexyl) ftalat (DEHP),
diisodecyl ftalat,  (DIDP) v polyvinyl-
chloride

Vysledky skusSok z jednotlivych laboratorii
boli vyhodnotené Zdruzenim OKO-TEX,
pricom ako akceptovatelné vysledky boli
uznané len tie, ktoré sa liSili od priemernegj
hodnoty o menej ako %= 1,5 nasobok
smerodajnej odchylky.

V pripade zistenia neuspokojivého vysledku
nachadzajuceho sa mimo hranic
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akceptovatelnosti, bola vykonana analyza
priCin a nasledne vykonané napravné a
preventivne opatrenia s cielom zabranit
opakovaniu nezhody a zabezpelit tak
déveryhodnost vysledkov merani.

Vysledky ucasti laboratéria analytiky a
Zivotného prostredia z VUTCH-CHEMITEX,
spol. s r.o. su uvedené v ZavereCnych
spravach k jednotlivym medzilaboratornym
skuSkam  spésobilosti  —  vyhodnotenie
medzilaboratérnych skusok spbsobilosti [5]
Na obrazkoch 1-6 su uvedené vysledky
dosiahnuté u jednotlivych  ucastnikov
medzilaboratornych skusok spésobilosti.
Vysledky hodnotenia jednotlivych preve-
rovanych parametrov laboratoria analytiky
pracovného a Zivotného prostredia VUTCH-
CHEMITEX, spol. s r. o. Zilina st uvedené
pod Ciselnym kédom 87.

Ugast
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inymi  uCastnikmi. Zavedenim ucinnych
prvkov  manazérstva kvality v ramci
laboratoria analytiky a zivotného prostredia
su dosahované stale lepSie vysledky.

Je to dokumentované aj v grafickom
vyhodnoteni ucasti laboratéria
v medzilaboratérnych porovnaniach, kde su
zahrnuté vysledky $pecialnej organickej
analyzy - uspeSné stanovenie obsahu
ftalatov (Obr. 1), organocinovych zlu€enin
(Obr.3), arylaminov (Obr. 4), kolorimetrické
skusky — uspesSné stanovenie obsahu
formaldehydu (Obr. 2), ako aj senzorické
skusky — uspesni stanovenie pachu koberca
(Obr. 5).

Priemerna hodnota stanovenia rdznych
analytov v jednotlivych laboratériach po
vylu€eni odlahlych hodn6t je na grafoch
znazornena plnou &iarou. Ciarkované diary

35
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Yo

15

laboratoria na medzilaboratérnych vymedzuju interval akceptovanych
porovnaniach poskytuje objektivny dékaz o vysledkov.
urovni spolahlivosti analyz v porovnani s
Obsah ftalatu DEHP in %
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Obr. 1 Vysledky stanovenia obsahu DEHP [%hm.] v 100% polyvinylchloride, farba béZova s

oranzovo-sivou potlacou
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Formaldehyd in ppm
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Obr. 2 Vysledky stanovenia obsahu volného formaldehydu [ppm] v tkanine bavina/polyamid, farba
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Stanovenie dibutylcinu
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Obr. 3 Vysledky stanovenia obsahu dibutylcinu [ppm] v laminovanej pene, farba biela
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Stanovenie arylaminov
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Obr. 4 Vysledky stanovenia obsahu 4-aminoazobenzén [ppm] v Uplete, 100% polyester
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Obr. 5 Vysledky stanovenia pachu koberca, 100% polypropylén, farba modra
V  roku 2008 dosiahlo akreditované Laboratérium  analytky a  Zivotného
laboratérium analytiky a zivotného prostredia prostredia  svojou u€astou v medzi-

92 % uspesSnost, to znamena, ze z 37 laboratérnych porovnaniach a skuSkach

vykonanych analyz Y ramci sposobilosti  na

medzilaboratérnych  porovnani bolo 34 potvrdzuje schopnost’

stanoveni s akceptovanou spravnostou. medzinarodne uznavané vysledky a plinit
akreditacné kritéria
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EN ISO/IEC 17025 [2] , ktoré prispievaju k 3. ISO 5725, casti 1-6:2001 Presnost

zvySovaniu dovery zo strany zakaznika. (spravnost a zhodnost) metdd a vysledkov
merania.

3. Literatara 4. I1ISO TS 21748:2004 Navod na pouZivanie

odhadov opakovatelnosti,

reprodukovatelnosti a spravnosti v

1. Garaj akol.. Eurachem Slovakia, Cesty odhadovani neistoty merania

zvySenia kvality skuSobnickej Cinnosti.

Bratislava. 2006 5. OKO-TEX Zirich, Zavere¢né spravy z
2 EN ISé/IEC 170252004  V3eobecné vyhodnotenia medzilaboratérnych porovnani
' X v roku 2008

poziadavky na kompetentnost skuSobnych
a kalibracnych laboratorii

INTERLABORATORY COMPARISONS AS A TOOL FOR QUALITY
ASSURANCE OF RESULTS AT EVALUATION OF TEXTILE MATERIALS IN
ANALYTICAL AND ENVIRONMENT LABORATORY
VUTCH-CHEMITEX, spol. s r.o. ZILINA

Preklad prispevku
Medzilaboratérne porovnania ako nastroj zabezpecenia kvality vysledkov pri
hodnoteni textilii v laboratériu analytiky a zivotného prostredia
VUTCH-CHEMITEX, spol. s r.o. Zilina

Abstract: The aim of this article is to present some results of the interlaboratory comparisons
as atool for sustainable improvement of quality system management and customer’'s
contentment. Interlaboratory comparisons provide a powerful tool for building keeping
sustainable, and developing quality system management. They constitute strong support of
validation process especially its part proficiency testing. They serve as necessary but not
sufficient condition for process of accreditation according performing by various institutes. In
our article we tried to appreciate its influence on accreditation process and also to present
the utilization interlaboratory comparisons in keeping full functional quality system
management and customer’s contentment in the analytical and environmental laboratories in
VUTCH-CHEMITEX Ltd. Zilina.

Key words: Interlaboratory comparisons, accreditation, validation, proficiency testing
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MEDZILABORATORNE POROVNAVACIE MERANIA V OBLASTI
HODNOTENIA STALOFAREBNOSTI TEXTILIi

M. Hustavova

VUTCH-CHEMITEX, spol. s r.o., Rybniky 954, 011 68 Zilina, Slovenska Republika

Abstrakt: Prispevok stru¢nou formou popisuje organizaciu a vyznam ucasti v medzilaboratérnych
skuSkach na medzinarodnej trovni. Uvedené a popisované su vysledky hodnotenia stalofarebnosti
textilnych materialov podla medzinarodnych noriem.

Abstract: The presentation describes shortly organization and significance of participation in the
interlaboratory round tests on the international level. Results obtained on evaluation of colour
fastness of textile materials according to the international standards are mentioned as well.

Vstupom SR do EU nastal volnejsi pohyb
tovaru.  Znizil sa  pocCet  vyrobkov
podliehajucich povinnému vyhlasovaniu o
zhode a bola zruSena povinna certifikacia
textilnych a odevnych vyrobkov uplatiiovana
vramci SR v rokoch 1997-2004. Na
europskom trhu sa Coraz viac objavuju
textiné a odevné vyrobky =z tretich krajin.
NizSia cena tychto vyrobkov je vSak Casto
spojena aj snizkou kvalitou a nizSou
urovnou zdravotnej nezavadnosti.
Certifikacia je jeden zo spdsobov, ako
preukazat’ spotrebitelovi, Ze vyrobcovi zalezi
na kvalite ponukaného tovaru, ale v mnohych
pripadoch je povazovana len za zvySenie
nakladov a znizenie zisku. Takyto pohlad
vSak mozno povazovat za kratkozraky, lebo
vdaka moznosti preukazovania kvality a
zdravotnej nezavadnosti tovaru, dochadza aj
k zvySeniu exportuschopnosti tovaru. Kazdy
vyrobca a dovozca je zaroven g
spotrebitelom, preto by malo byt aj v jeho
zaujme, aby na trhu neboli vyrobky
s prekroCenymi limitmi pre niektoré
sledované parametre, ktoré mbzu byt
pri¢inou zdravotnych problémov (alergickych
reakcif).

Kvalita a bezpeCnost vyrobkov moéze byt

deklarovana réznymi ekoznackami (napr.
eurépsky kvet, biela labut, Oko-Tex
Standard). Akreditované skusobné
laboratéria ~ SKTC-119  pri  VUTCH-

CHEMITEX su od roku 1999 ¢lenom
Medzinarodného zdruzenia pre vyskum a
skuSanie v oblasti textiinej humannej
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ekolégie Oko-Tex. V ramci svojej &innosti na
vyrobkoch stymto oznaCenim hodnotia
obsah  réznych  Skodlivych latok a
stalofarebnost’ textilii.

Medzi Skodlivé latky, ktoré sa v textiliach
hodnotia, patria: formaldehyd, tazké kovy,
pesticidy, arylaminy, chlérované uhfovodiky,
organocinové zluCeniny a ftalaty. Tieto
chemické latky mdzu obsahovat vstupné
suroviny, mohli byt pouzité v textiinom
priemysle pri procesoch farbenia alebo ako
ochrana proti plesniam pri skladovani a
preprave (napr. pentachlérfenol).

Nadlimitny obsah Skodlivych latok spotrebitel
nie je schopny posudit, ale nevyhovujuca
stalofarebnost’ textilii (odolnost vyfarbenia
textilie proti rébznym vplyvom) je dobre
znama aj beznému spotrebitelovi a byva
Castym dévodom reklamacii. Hodnoti sa
stalofarebnost textili vo vode, v pote,
v otere, na svetle, pri prani, pri chemickom
Cisteni, odolnost vyfarbenia textilnych a
odevnych vyrobkov uréenych detom vo i
slinam a potu, a dalSie.

Pri. uvedenom S§irokom rozsahu skusok
textinych a odevnych vyrobkov je velmi
dolezité, aby vSetky skusky boli vykonavané
odborne a spravne a nemohlo dojst k
poskodeniu vyrobcu &i dovozcu uvedenim
faloSne pozitivneho vysledku a taktiez ani
k poSkodeniu spotrebitela uvedenim
nevyhovujuceho vyrobku na trh. Jednym
Z nastrojov na splnenie uvedenych
poziadaviek je aj ucast akreditovanych



Z vedecko-vyskumnych a vyvojovych pracovisk

skuSobnych laboratérii v medzilaboratornych
porovnavacich skuskach.

Medzilaboratérne  porovnavacie  skusky
sluzia na externé preverenie kvality prace, na
potvrdenie spésobilosti laboratorii vykonavat
urCité skusky a na moznost porovnania
s vysledkami inych laboratorii, pripadne aj na
zistenie systematickej chyby analyzy. MPS
su najobjektivnejSou formou overovania a
porovnavania odbornej spbsobilosti
skusobnych laboratérii na narodnej aj
medzinarodnej urovni.

Akreditované skuSobné laboratéria SKTC-
119 pri VUTCH-CHEMITEX sa od roku 1999
pravidelne zucastnuju aj medzilaboratérnych
porovnavacich skusok, ktorych
organizatorom je Schweizer Textilprufinstitut
Testex v Zurichu. Porovnavacie skusky
zamerané na hodnotenie stalofarebnosti
textilii sa organizuju najmenej 3 krat za rok.
Podmienkou ucasti laboratéria na tychto
MPS je Clenstvo v Medzinarodnom zdruzeni
pre vyskum a skuSanie v oblasti textilnej
humannej ekolégie Oko-Tex. V sUasne;
dobe dosahuje pocet ucastnikov v tychto
medzilaboratornych porovnavacich
meraniach 80. Skusaju sa textilné vzorky, pri
ktorych spravna hodnota posudzovaného
parametra nie je znama a vyhodnotenie je

spracované na zaklade vysledkov zo
vSetkych laboratorii. V zavereCnom
vyhodnoteni su oznaCené laboratdria,

ktorych vysledky maju odchylku >1 stupen a
nie su zahrnut¢é do  Statistického
vyhodnotenia. Ugastnici pouZivaju rovnaké
skusobné metody a postupy, o je jednou
Zz podmienok spravneho vyhodnotenia
nameranych vysledkov. Tieto postupy su
oznatené ako Oko-Tex Standard 200.
Viaceré znich sa stali  zakladom
medzinarodnych  (ISO)  noriem, resp.
eurépskych noriem (EN).

Pretoze zatial neexistuju textilné referenéné
materialy SO znamymi hodnotami
posudzovanych parametrov (na rozdiel od
niektorych  analytickych  metdd, napr.
pre oblast’ zivotného prostredia, pre ktoré su
uz referenCné materialy dostupné), su prave
MPS v tejto oblasti spbésobom ako modzu
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prislusné laboratéria potvrdit spravnost
vysledkov vlastnych skusok.
Vroku 2008 sa akreditované laboratoria

VUTCH-CHEMITEX, spol. s r.o., zu&astnili 5
MPS orientovanych na hodnotenie
stalofarebnosti textilii. VSetkych 5 MPS bolo
organizovanych v ramci zdruzenia Oko-Tex.
Bolo preverenych celkom 28 parametrov pri
skuskach:

- stalofarebnost
ISO105-C06

- stalofarebnost’ v potoch podla normy ISO
105-E04

- stalofarebnost vo vode podlfa normy ISO
105-E01

- stalofarebnost pri oteroch podla normy ISO
105-X12

- stalofarebnost’ v chemickom Cdisteni podla
normy 1ISO 105-D01

- stalofarebnost na svetle podfa normy ISO
105-B02

- stalofarebnost v pote a slinach podla
postupu Oko-Tex Standard 200

v prani podla normy

Hodnotila sa zmena odtiefia a zapustenia na
dodanych vzorkach podla sivej stupnice,
stalofarebnost na svetle - zmena odtiefia
podla modrej stupnice.

Na obr. 1 a 2 su uvedené vysledky skusSok
stalofarebnosti textilii v chemic-kom Cisteni a
stalofarebnosti v alkalickom pote jednotlivych
uCastnikov MPS. Vysledky laboratoria z
VUTCH-CHEMITEX, spol. s r.o. s oznagené
kodom laborat6ria 87.

Vramci spoluprace sinymi textilnymi
laboratoriami sme sa zucastnili koncom roka
2008 aj na dalsich MPS, ktoré boli
organizované polskym Textilnym institutom
(Institut  wlokiennictwa) v Lodzi. Tieto
medzilaboratérne porovnavacie merania boli
zamerané na  stalofarebnost v otere
(hodnotilo sa zapustenie na sprievodnych
tkaninach v suchom a mokrom otere) a
stalofarebnost Vv prani pri teplote
60°C(hodnotila sa zmena a zapustenie na
sprievodnych tkaninach).

Uspesnost v3etkych medzilaboratérnych
porovnavacich skusok stalofarebnosti za rok
2008 bola 100%. Bol splneny planovany ciel
kvality pre laboratérium koloristiky vo



Z vedecko-vyskumnych a vyvojovych pracovisk

VUTCH-CHEMITEX, spol. sr.o., tj.
dosiahnut’ minimalne 80%-nu uspesnost.

V pripade, Ze koloristické laboratoria uspeju
vo vSetkych absolvovanych skuSkach pocas
roka, ziskaju od institutu Testex certifikat.
SKTC 119 pri VUTCH-CHEMITEX bol za rok
2008 udeleny certifikat za hodnotenie
stalofarebnosti textilii uz 8.krat po sebe
(obr.3).

News from departments

skusky su vykonavané spofahlivo a dokazuju
spésobilost akreditovanych laboratorii
VUTCH-CHEMITEX na vykonavanie
prislusnych skusok. Uvedeny vysledok je
nasim prispevkom k budovaniu dbvery zo
strany naSich zakaznikov. Maju istotu, Ze
poskytnutim nasSich vysledkov v oblasti
hodnotenia stalofarebnosti textilnych
materialov mézu byt jednoznacne uspesni

Pravidelna ucast na MPS a vysoké percento pri verejnych sutaziach resp.
ich uUspesSnosti su dbkazom, Ze uvedené spotrebitelskych reklamaciach.
87
Vysledky jednotlivych laboratorii
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Obr. 1 Vysledky porovnavacich merani: skuska stalofarebnosti v chemickom Cisteni — zmena odtiena
sku$anej vzorky (a) a zafarbenie pouzitého rozpustadia (b)
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Obr. 2 Vysledky porovnavacich merani skuska stalofarebnosti v alkalickom pote — zmena
odtiefa skuSanej vzorky (a) a stupen zapustenia polyamidovej sprievodnej tkaniny (b)

CONFIRMATION

RUNDTEST
COLOUR FASTNESS

We confirm herewith that the company

VUTCH-Chemitex, spol. s.r.0
Rybmiky 954
PO, Box B-78
SKAINL 68 Zilina

Slowakische Republik

has participated 3 times in the
Intemnational RUNDTEST - COLOUR FASTNESS in

2008

. Jem-Pieme Hiug

Obr. 3 Potvrdenie o uspeSnom absolvovani MPS v roku 2008
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SUHRNY DIPLOMOVYCH PRAC NA ODDELENI VLAKIEN A TEXTILU,
USTAV POLYMERNYCH MATERIALOV, FCHPT, STU V BRATISLAVE
V RAMCI INZINIERSKEHO STUDIA V SKOLSKOM ROKU 2008/20098

ABSTRACTS OF STUDENTS’ MASTER THESIS DEFENDED AT THE DEPARTMENT OF
FIBRES AND TEXTILE CHEMISTRY, INSTITUTE OF POLYMER MATERIALS, FCHFT,
STU IN BRATISLAVA AFTER 5 YEAR'S GRADUATE STUDY IN 2008/2009

VLAKNA NA BAZE METALOCENOVEHO
POLYPROPYLENU SO ZLEPSENYMI
ELASTICKYMI VLASTNOSTAMI.
Diplomant: Bc. Katarina Slivova
Veduci DP: Ing. M. Hricova, PhD.

Praca bola zamerana na Studium vplyvu
metalocénového polypropylénu (mPP) na
spracovatelnost’ a vlastnosti vlakien na baze
Ziegler-Nattovych katalyzatorov (znPP). Ako
zakladny polymér na pripravu vlakien bol
pouzity znPP561N, ku ktorému sa pridavali
tri typy mPP (mPP562N, mPP562R a
mPP562S) v mnozstve 3; 6; 10 a 15% hm.
Pre porovnanie bola pripravena aj séria
vlakien zo zmesi dvoch znPP a to znPP561N
s pridavkom 3; 6; 10 a 15% hm. znPP561R.
Sledoval sa vplyv typu a koncentracie mPP
na vybrané vlastnosti PP vlakien. Z
mechanickych vlastnosti sa  hodnotila
pevnost, taznost a Youngov modul. Pri
hodnoteni termickych vlastnosti sa sledoval
vplyv mPP na teplotu tavenia a krystalizacie
ako aj entalpiu tavenia a krystalizacie
dizenych PP vlakien. Dalej sa hodnotila
elasticita vlakien na zaklade stanovenia
modulu elasticity a priemerna orientacia
vlakien metddou rychlosti Sirenia zvuku.

The work was oriented on the study of the
effect of metallocene polypropylene (mPP)
on processing and properties of fibres on the
basis of Ziegler-Natta catalysts (znPP).

The znPP561N was used as a basic fibre-
forming polymer which was blended with
three types of mPP (mPP562N, mPP562R
and mPP562S) in amount of 3; 6; 10 and 15
wt%. For comparison, the series of
znPP561N with 3; 6; 10 and 15 wt% of
znPP561R was prepared.
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The effect of type and concentration of mPP
on selected properties of the PP fibres was
evaluated. The mechanical properties -
tenacity, elongation at break and Young’s
modulus were measured. The effect of mPP
on thermal properties (melting temperature
and enthalpy as well as crystallization
temperature and enthalpy) of PP fibres was
studied. Elastic properties of the PP fibres
were evaluated on the basis of measurement
of elasticity modulus. Average orientation of
the fibres was evaluated by method of sonic
velocity.

UZITKOVE VLASTNOSTI VLAKIEN
Z METALOCENOVEHO POLYPROPY-
LENU MODIFIKOVANEHO POLYVINYL-
ALKOHOLOM A NANOADITiVOM
Diplomant: Bc. Petronela Vencelova
Veduci DP: Doc. Ing. A. Ujhelyiova, PhD.

Praca bola venovana hodnoteniu a Studiu
vplyvu PVA a nanoditiva Cloisitu
15A v systtme PVA/CL na modifikované
PP/PVA a PP/PVA/CL vlakna. Boli
stanovené mechanicko-fyzikalne, termické
a termomechanické vlastnosti. Zaroven boli
hodnotené aj sorpcné vlastnosti
a vyfarbitelnost PP, PP/PVA a PP/PVA/CL
vlakien, pricom na farbenie bolo pouzité
kyslé a disperzné farbivo.

Pridavok  PVA  znizuje kryStalizacnu
schopnost PP v PP/PVA vlakne v porovnani
s krystalizaChou schopnostou PP v PP
vlaknach. Aditivacia PP vlakien PVA/CL
zvySila  krystalizatna schopnost PP v
PP/PVAICL vlaknach v porovnani s PP/PVA
vlaknami, ale nie v porovnani s krystalizaciou
PP v PP vlaknach. Bol zisteny pozitivny
vplyv na zlepSenie rozmerovej stability



Z vedecko-vyskumnych a vyvojovych pracovisk

PP/PVA/CL  vlakien, ktora
zvySovanim obsahu CL vo viakne.
Pridavok PVA a nanoaditiva mal vyrazny
vplyv  na  farbenie  vlakien  kyslym
a disperznym farbivom. Modifikované
PP/PVA i PP/PVA/CL vlakna maju vyrazne
vySSiu sorpciu vlhkosti i farbiva z kapela pri
farbeni klasickym vytahovacim postupom
ako nemodifikované PP vlakna.

rastie so

This work deals with investigate and study
the influence of PVA and nanoaditive Cloisite
15A in system of PVA/CL on the some
properties of modified PP/PVA a PP/PVA/CL
fibores. There were specified thermal,
thermomechanical and mechanical -
physical properties. Likewise, there were
evaluated the sorptive properties and
dyeability PP, PP/PVA and PP/PVA/CL fibres
by exhaust dyeing using disperse and acid
dyes for dyeing process.

The additive of PVA decreases crystallization
property PP in modified PP fibres.
Modification of PP fibres with PVA/CL
increased crystallization properties of PP in
PP/PVA/CL fibres in the comparison with
PP/PVA fibres but not in the comparison with
the crystallizationability PP in PP fibres.
There was detected positive influence to
improving dimensional stability of
PP/PVAICL fibres which increases with
increasing content (concentration) of CL in
fibres.

The addition of PVA and nanoaditive has
considerable influence on the exhaust dyeing
of fibres with acid and disperse dyes.
Modified PP/PVA and PP/PVA/CL fibres
have considerably higher moisture sorption
and dye take up in using the exhaust dyeing.

ZMESNE TERMOPOJIVE VLAKNA NA
BAZE METALOCENOVEHO POLYPRO-
PYLENU

Diplomant: Bc. Vincent MERY

Veduci DP: Doc. Ing. A. Ujhelyiova, PhD.

V diplomovej praci sa hodnotili zmesné

vlakna na baze metalocénového
polypropylénu (m-PP) a metalocénového
polyetylénu (m-PE) z hladiska ich
termickych, termomechanickych
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a mechanickych vlastnosti. DalSou ulohou
prace  bolo  porovnanie  sledovanych
vlastnosti a navrh parametrov jednotlivych
vlastnosti, ktoré su zaujimavé a odzrkadluju
zmenu vlastnosti  pripravenych  vlakien
z hladiska ich termopojenia.

Namerané vlastnosti vlakien vykazovali
zavislosti, ktoré moZzu napomahat
k hodnoteniu vlaknovej suroviny na pripravu
netkanych textilii na zaklade jednoduchého
merania tej ktorej charakteristiky.

Termické vlastnosti jednotlivych zmesnych
vlakien sa merali na pristroji DSC 7 firmy
Perkin — Elmer. Merania sa uskutocnovali pri
podmienkach: 1. ohrev vlakna do 200°C
s krokom 10°C/min, chladenie a druhy ohrev
do 200°C s krokom 10°C/min. V praci boli
pouzité experimentalne ziskané vysledky iba
z 1. ohrevu ato entalpia topenia vlakien
(AHn) ateplota topenia (Tn), ktoré
odpovedaju nadmolekulove;j Struktury
orientovanych zmesnych vlakien pri ich
priprave.

Termomechanické vlastnosti jednotlivych
zmesnych vlakien sa merali na pristroji
Schimadzu TMA — 50. Meralo sa predizenie
resp. zmrStenie vlakna pri konstantnom
zatazeni v intervale teplét od izbovej teploty
do 90°C. Do prace sa vyhodnocovali
prediZzenie resp. zmrstenie vlakien (L4, Lo)

ateplota, pri ktorej dochadza k deformacii
(T4, Ta).
Pouzité = zmesné  vlakna na baze

metalocénového polypropylénu boli vyrobené
na poloprevadzkovej zvlaknovacej linke vo
VUCHYV, a.s. vo Svite. Jednotlivé merania sa
uskutoCnili  na  pristrojovom  vybaveni
Oddelenia vilakien atextilu FCHPT STU
Bratislava.

This work describes the evaluation of
thermal, thermomechanical and mechanical
properties of various blended fibers based on
metallocene polypropylene (m-PP) and
metallocene polyethylene (m-PE). Another
task of this work was the comparisons of
estimated parameters of observed properties
that are interesting reflect the changes in the
structure and properties of fibers prepared
from various polyolefins.
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Measured properties of fibers exhibit
interesting dependences, with may support
with the evaluation of filament materials used
at the preparation of nonwovens on the
bases of a simple measurements of same
characteristics.

Thermal characteristics of the blended fibers
are measured by equipment DSC 7 Perkin
Elmer using following procedure: 1% fiber
heating to 200°C with steps of 10°C/min,
cooling and second heating to 200°C with
steps of 10 °C/min. In this work, these have
been used experimentally obtained results
only from the 1% heating - melting enthalpy of
fibers (AHm,) and melting temperature (Tr,).
Thermomechanical characteristics of
blended fibers were measured by equipment
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Schimadzu TMA - 50. These were measured
the extension resp. shrinkage fibers at
constant load in the temperature range from
room temperature to 90°C. The extensions
resp. shrinkages of fibers (L1, Lz) and the
temperature there is a change of deformation
(T4, T2) were evaluated.

Blended fibers based on metallocene
polypropylene were produced by classical
spinning and drawing procedure in VUCHYV,
a.s. in Svit. Individual measurements were
made by equipments of the Department of
Fibers and Textile Chemistry Faculty of
Chemical and Food Technology STU
Bratislava.
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MEMORIAL DUSANA BUDZAKA

V poradi Il. roCnikom spomienkového
tenisového turnaja Stvorhier sme si dna 29.
maja 2009 pripomenuli pamiatku RNDr.
DuSana Budzaka, byvalého predsedu
predstavenstva a generalneho riaditela
Vyskumného ustavu chemickych vilakien
(VUCHV), a. s. vo Svite a takisto
dlhoro€ného predsedu dozornej rady Zvazu
chemického a farmaceutického priemyslu
SR.

Podujatie sa tento rok vdaka nepriaznivému
poCasiu odohralo v novych priestoroch
tenisovej haly Spolcentra vo Svite, kde ho aj
za pritomnosti zastupcu mesta oficialne
otvoril a vSetkym hraom vela Sportovych
uspechov zazelal Ing. Michal Lach,
generalny riaditel spol. Chemosvit, a.s.

\%:
e
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Sportové nasadenie sa opat vy$plhalo na
velmi vysoku urovenn a po uspechu z
minulého roka si 1. miesto =zasluZzene
obhajila dvojica Ing. Vladimir Balog - Ing.
Igor Luptak, na 2. mieste skoncili Ing. Jozef
Kochan - Ing. Rudolf Neustadt a 3. miesto
vybojovala dvojica Ing. Roman Karlubik - Ing.
Marian Bonk. Cena za bojovnost bola tento
krat odovzdana do ruk Ing. Andreja Kollara.
Organizatori by chceli srde¢ne podakovat
vSetkym, ktori turnaj podporili a to najma:
Zvazu chemického a farmaceutického

priemyslu SR (ZCHFP SR), spolo€nostiam
Chemosvit a.s., Chemosvit Fibrochem a.s.,
Finchem a.s., Amitel s.r.o., Hiropro s.r.o. a
VUCHYV a.s.
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Memorial of DuSan Budzak

The second annual memorial tennis cup to
commemorate life of Dr. DuSan Budzak took
place on the 29" of May 2009.

Dr Budzak was the former chairman of the
Board of Directors and managing director of
the Research Institute for Man Made Fibres
(VUCHYV), a.s. based in Svit, Slovakia and a
long-serving chairman of the Supervisory
Board of the Association of Chemical and
Pharmaceutical Industry of the Slovak
Republic.

Due to adverse weather conditions, the event
this year was relocated indoors taking
advantage of the brand new tennis hall within
"Spolcentrum" hotel and leisure complex in
Svit. The guests, who included the town
councillor, listened with interest to the guest
speaker Mr. Michal Lach, president of the
chemical corporation Chemosvit, a.s., as he
wished all the competitors the best of luck.
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All the participants played to a very high
standard and following last year's success,
Mr. Vladimir Balog and Mr. Igor Luptak
defended their title successfully. Mr. Jozef
Kochan and Mr. Rudolf Neustadt finished as
runners-up, while the second runners-up
trophy was presented to Mr. Roman Karlubik
and Mr. Marian Bonk.

A testimonial trophy was awarded to Mr.
Andrej Kollar.

The organizational team would like to
express their thanks to all the supporters and
sponsors including the Association of
Chemical and Pharmaceutical Industry of the
Slovak Republic (ZCHFP SR), Chemosvit
a.s., Chemosvit Fibrochem a.s., Finchem

a.s., Amitel s.r.o., Hiropro s.r.o. and VUCHYV
a.s
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