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Vazeni Citatelia Casopisu ,Vlakna a textil,

vydavatelia tohoto ¢asopisu sleduju ciel vytvarat podmienky i vtomto
obdobi spolocenskej transforméacie u nas a celosvetovej globalizacie pre
prezentaciu vysledkov vyskumu a vyvoja, i uz zredukovaného nasho
vedeckeho a technického potencidlu a zaroven pre propagaciu Sirokej
Skaly sortimentu vyrobkov nasich vyrobcov viakien. Rovnako cielom
vydavania Casopisu je informovat Siroky okruh nasich Citatelov o aspek-
toch rozvoja vyroby a spotreby viaknitych materidlov u nas a vo svete.

Rczvoj spotreby vyroby vidkien a vlidknitych materialov prechadzali
réznymi stupnami vyvoja. Dejiny vyvoja vlakien a viaknitych materidlov
su rovnako staré ako dejiny civilizacie lfudstva. Za obdobie asi 7000
rokov pouzivania textilnych vidkien boli az do konca 19. storocia
pouzivaneé prirodné viakna. Koncom 19. a pociatkom 20. storocia zacina
sa priemyselna vyroba chemickych vidkien z regenerovanych prirodnych polymérov a tesne pred
druhou svetovou vojnou objavuju sa prvé syntetické vidkna v prirode sa nenachdadzajice. Chemické
vlakna su teda legitimnym dietatom 20. storoCia. Prudky rozvoj spotreby a vyroby chemickych vidkien
a vlaknitych materialov nastal po r. 1950 najma v priemyselne vyspelych krajinach. Spotreba vlakien
stupla z 2,44 kg/osobu v r. 1900 na 3,76 kg/osobu v r. 1950, v r. 1990 na 7,8 kg/osobu a v r. 2002 na
9 kg/osobu. Celkova vyroba vSetkych druhov prirodnych a chemickych vlakien v r. 2002 bola 63,473
mil. t/r aplikovanych v oblasti odievania bytového textilu a technickych textilii. Podiel chemickych viakien
z celkovej spotreby vidkien predstavuje 58 %.

.....

Azie, Afriky a juznej Ameriky. Podiel vyroby chemickych vidkien v §tatoch Azie sa zmenil z 32 % r. 1980
na 59 % v r. 2000, pricom podiel Eurdpy a Sev. Ameriky klesol za uvedené obdobie z 57 % na 30 %.
V §tatoch Eurdpy, Sev. Ameriky a Japonsku dochadza k zvySovaniu vyroby Specialnych a technickych
typov vidkien s vysokymi uzitkovymi viastnostami. Za poslednych 10-15 rokov sa zvysil podiel aplikacie
vlakien v technickych textiliach z 22 % na 34 % a v priemyselne vyspelych krajinach vyroba a aplikacia
technickych vlakien je viac ako 40 %. Priprava vlakien s vysokymi uzitkovymi vlastnostami je zaloZzena
jednak na zmene molekulovej Struktury (zmena chemického zlozZenia) a na zmene nadmolekulovej a
morfologickej a makromorfologickej Struktury pomocou fyzikainych procesov. V ostatnom obdobi velka
pozornost sa venuje priprave Specialnych typov viakien. Najmé na zaklade ich zmeny prieCnej a
pozdlZnej geometrie. Jedna sa o velmi jemné mikroviakna, duté a profilované typy a tvarované réznymi
spOsobmi.

Vyroba chemickych vidkien a textilny priemysel v predchédzajlicom obdobi na Slovensku a v Cechach
zohravali délezitu ulohu v rozvoji spotrebnych tovarov a v rozvoji narodného hospodarstva.
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Prva vyroba chemickych vidkien — viskozovych u nas bola zavedena v r. 1919 v SH Senica. Do r.1989
v CSFR bola vybudovana vyroba chemickych vidkien na Grovni 229,245 t/r. Vyroba chemickych vidkien
na Slovensku v tomto obdobi bola 135,402 t/r.

Po zmene spolo¢ensého poriadku na Slovensku poklesla vyroba viaknitych chemickych materialov
na 65 000 t/r. ako dosledok straty trhov, a odstafiovania vyrob visk6zovych viakien a mensej investicnej
aktivity. Zaroven doslo k redukcii investicii do vedecko-vyvojovej zakladne a do novych vyrob, ¢o sa
prejavilo negativne i v aspektoch rozvoja vyroby viakien.

Vzhladom k bohatym skusenostiam a poznatkom v oblasti procesov pripravy vlaknitych materidlov
na Slovensku a v Cechéch bolo by prospe$né udrzat tento potencidl a vyuZit ho na zabezpedenie
podkladov pre pripravu Specialnych typov viaknitych materialov u nas.

Rozvoj spotreby a vyroby vidkien — viaknitych materialov v dalSom obdobi vo svete bude podmieneny
prirastkom obyvatelov, zmenou ich ekonomického potencialu a zvySenymi narokmi fudi na ich viastnosti.
V r. 2000 Zilo na naSej planéte 6.1 mld obyvatelov a spotreba vlakien bola 60,443 mil.t. Ak neddjde
k celosvetovym prirodnym a celospoloCenskym katastrofam sa predpoklada do r. 2050 narast
obyvatelstva na na$ej zemi na 11 mid. a spotreba vlakien 130 mil. t. Dal$im délezitym faktorom, ktory
uz v tomto obdobi podmieriuje rozvoj vyroby viaknitych materialov je celosvetova globalizacia, ktora
sa prejavuje koncentraciou vyrobcov a integraciou vyrobnych odborov (vertikalne prepojenie). Velky
vplyv na rozvoj spotreby a vyroby a ekonomiky ma i vplyv rozporov spoloCenskych vrstiev, regionalnych
a medziStatnych vztahov a ich silove rieSenie. Tieto fenomeény sa prejavuju i v Ciastkovych celosve-
tovych ekonomickych krizach. V r. 2002 podla urcitych informacii doSlo k znizeniu investi¢ného kapitalu
do vedecko — technického a vyvojového potencialu i pritom vSetkom, Ze spotreba a vyroba vlakien bola
vySSia ako v r. 2001.

Vedecko-vyskumny potencial na Slovensku ma eSte stale predpoklad prispievat k rozSirovaniu rozvoja
novych a Specialnych typov viaknitych materidlov u nas, zvySovat ich konkurenénu schopnost na
domacom i zahranicnom trhu ak mu vytvorime priaznivé podmienky.

Vydavanim Casopisu VIakna a textil chceme prispiet k vzajomnej kompaktnosti lepSej informovanosti
pracovnikov nasho odboru ale i k propagacii naSich vysledkov vyskumu a naSich vyrobkov - vlakien
doma a v zahranici. Prispevky vychadzaju i v anglickom jazyku a asopis dostava sa i k zahraniénym
Citatelom, preto privitame prispevky vSetkych naSich Citatelov a institucii.

Bratislava, august, 2003 Prof. Ing. Martin Jambrich. DrSc
¢len redakénej rady
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NANOCOMPOSITE FIBRES FOR TECHNICAL TEXTILES

Marcincin A., Borsig B.

Slovak University of Technology in Bratislava, Faculty of Chemical and Food Technology,
Department of Fibres and Textile Chemistry
Radlinskeho 9, 812 37 Bratislava, SK, e-mail: tmarcin @chtf.stuba.sk, upolebor@savba.sk

The paper is devoted to the new kinds of polymer materials - polymer layered silicate
nanocomposites as potential ones for application in fibre and textile technology. In introduction
part a short overview of developments in hybrid organic-inorganic nanoadditives and their disper-

sion in wide scale of polymers is discussed.

In experimental part some our results concerning the preparation of polypropylene nanocomposite
fibres and evaluation of their structure and mechanical properties are presented.

INTRODUCTION

Polymer composites having a change in composition
and structure on the nanometer scale exhibit remark-
able property enhancements related to conventional
composites. Nanometer structures represent a interme-
diate forms of matter, which fills in the window between
molecules and bulk materials. Nanomaterials exhibit
particular physical-chemical properties, different from
those, observed in bulk materials. These nanometer
size structures which are often represented by nano-
particles of active compounds dispersed in polymer
matrix have been a subject of a number of recent pub-
lications [1, 2]. Polymer nanocomposites based on lay-
ered silicates as a reinforcing phase in an engineering
polymer matrix represent the most important forms of
hybrid organic-inorganic nanocomposites [3]. Other
types of nanoscale composites contain a metal nano-
particles in polymeric matrix [4]. These composites
exhibit electrical conductivity and magnetic properties.
Polymers filled with nanopigments and nanocolorants
(polymer concentrates) represent a wide scale polymer
materials and can be consider as third area of serious
interest of polymer science and technology [5]. Fourth
important area of polymer nanocomposites is focused
on polymer blends with polymer nanoparticles of dis-
persed phase [6].

Polymer nanocomposite materials with unique prop-
erties can be used and applied in fibre and textile tech-
nology. They provide nanocomposite fibres, qualitative
new types of fibres for clothing and for technical appli-
cation. Modified fibres containing of layered philosili-
cates, nanocolorants, active metal particles and polymer
nanofibrils are products of last developments in polymer
science, physic of solid compounds and other fields of
science. They have significant different properties in com-
parison with conventional modified fibres, mainly:

- high efficiency of modification at low content of

modifiers

— new properties, which depend on properties of

dispersed phase and on particle size
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— high homogeneity of fibre structure and morphol-

ogy
— high active surface of modifiers.

POLYMER LAYERED SILICATE
NANOCOMPOSITES

First polymer silicate composites with nanosize of
particles were presented in 1985 in spite of reality that
research in this field of work has begun 50 years ago
[3]. Layered silicates were used as disperse phase re-
inforced in engineering polymers in form of hybrids of
organic — inorganic modifiers. High specific surface of
silicate nanoparticles is very convenient from the point
of view of reinforcement of polymers and their mechani-
cal-physical properties.

Dispersion of the layered silicates into postulate de-
gree is difficult in most of polymers because of their
preferred stacking in agglomerated tactoids. Further,
the dispersion of tactoids is prevented also by incom-
patibility of hydrophilic silicates with hydrophobic
polymers. Positive results in dispersion of the silicates
were achieved using compatibilizers based on alkyl-
amonium surfactants such modified particles were
successfully applied in hydrophobic polymers. Further,
the polymerisation of e-caprolactam in interlayer space
of silicates was utilised and ,true“ PAB — organoclay
nanocomposites were created. In contemporary,
the layered silicate nanocomposites of most polymers
such as polyamide [1], polyester [7], polyimide [1, 4],
epoxide [1, 4] and polyvinylalcohol [8] are known.

Modification of polymers by silicate nanoparticles
provides a significant improvement of their properties
such as [1, 4]: multiple increase in elastic modulus, sig-
nificant increase in tenacity (more than 50%), enhance-
ment of the barrier properties for permeants, increased
thermal stability and flame retardance, enhanced
chemical resistance and reduced solvent uptake, in-
crease in toughness and size stability, hindered diffu-
sion path ways through the nanocomposite, change in

Vldkna a textil 10 (3) 104-108 (2003)



magnetic properties and improvement in electrical con-
ductivity.

Structure of the polymer layered silicate
nanocomposites

Improvement in compatibility of layered silicate with
polymers is very often accomplished by replacement of
inorganic cation with organic ions having suitable hy-
drophobic chain. Such treatment serves to match the
polarity both particle surface and polymer and it is very
important for dividing the silicate plates of the layered
particles [1, 4].

In dependence on charge density of the organic ions
and on length of parafinic chains of the molecule of
organic phase the several kinds of positions in inter-
layer space with different orientation of functional
groups can be created: monolayer, bilayer, pseudo-
threlayer and ,parafinic” structure [4]. If the polarity of
treated silicate particles is close to polarity of monomer
or polymer, these can intercalate into interlayer of the
particles. They divide individual plates and exfoliated
nanocomposite is formed.

In the beginning silicate particles are swelled by or-
ganic ions with long parafinic chains and distance be-
tween layers raises close to chain length. Ideal nano-
composite is formed only in this case, if in the next step
no attractive interactions among the particles are en-
forced. Only the highest degree of delamination pro-
vides the greatest change in properties of the nano-
composites.

When nanoplates of the silicate particles do not ex-
hibit sufficient distance and they form layered structure
with less gap between plates than two times of the
chain length of the organic ion, the intercalated com-
posite is created having the regions with the high and
poor reinforcement. These particles have a limited
stress transfer through interface matrix — fillers. The
smallest modification effect at conventional composites
was observed.

Processing of polymer nanodispersion

Nowadays, polymer layered nanocomposites are
preferably prepared by two procedures: disintegration
of the solid particles in melt or in solution and in situ
formation nanoparticles by sol-gel procedure. Litera-
ture provides a relative poor information concerning the
preparation of the polymer nanocomposites in higher
than laboratory scale.

Many organoclays for polymer nanocomposites have
been commercialised. The original size of these parti-
cles is 8-10 um and every of the particles consist of the
ccal106 plates. Delamination of these plates can not be
accomplished only mechanically e.g. by shear stress.

Vlidkna a textil 10 (3) 104-108 (2003)

The treatment of the layered silicates by low molecu-
lar or oligomeric compounds with ratio of 100 equival/
100 g of the particles, is usually used [9].

Delamination mechanism results from the several
papers and non-published works, further from knowl-
edge of preparation of conventional composites and
from mass pigmentation procedures. There are two
mechanisms of solid particles delamination. Slip of the
plates supported by shear stress that leads to dimin-
ish of the particle thickness and dividing of the plates
by penetration of organic phase into silicate particles.
Second mechanism does not require the high shear
stress. Preferring one of the above mentioned mecha-
nisms lead to unperfected exfoliation of the particles or
to formation of powder tactoids with thickness about
100 um.

The mutual interactions of polymer silicate particles —
organic additive determine the structure and morphol-
ogy of the nanocomposite. Compatibility of the compo-
nents in that composition has to be balanced. Organic
additive has to fulfil three basic functions: role of
delamination agent, compatibiliser at polymer — filler
interface as well as stabiliser of dispersed nanoparticles
in polymer.

In experimental work some our result of preparation
of polypropylene nanocomposite fibres containing par-
ticles of layered silicates and evaluation of selected
their properties will be presented.

EXPERIMENTAL PART

Materials

Organophilic layered silicates SOMASIF ME (100)
produced by CO-OP Chemical Co., Japan and hexa-
decylamine were used.

Preparation of polypropylene nanocomposites

Polypropylene powder and the organoclay were
premixed in a tumbling mixer together with 0,25 wt% of
stabilizer (Irganox 1010/lrgafos 168 Ciba 4/1). This
mixture was melt — blended together with 20 wt% of PP-
g-MA (Hostaprime H C5, Clariant GmbH, MA content
4,2 wt%, M, = 32.000 g/mol, T, = 152 °C) in a
corotating twin screw extruder (Werner&Pgleiderer,
ZSK 25) at 190-230 °C and at 300 r.p.m. By this way
PP nanocomposite samples containing 1,3 and 5 wt%
of organociay were prepared.

Spinning of the nanocomposites

The composite fibres containing 1, 3 and 5 wt% of
SOMASIF were prepared from granulated polymer
using a laboratory TS (@ = 16 mm extruder with homog-
enisation zone at 250 °C and spinning speed of 150
m.min™". The spinning nozzle with thirteen holes of 0,05
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mm diameter each was used. In this way the isotropic
fibres, partially oriented, were prepared. Fibres were
drawn with different draw ratios (1), A =2 or A = 3.

Tensile strength measurement

The mechanical properties of the composite fibres
were determined using an INSTRON 1112 apparatus
at ambient temperature. Clamping length and deforma-
tion rate were 100 mm and 500 mm.min™". The speci-
mens of each composition were tested and the aver-
age values reported.

Atomic force microscopy

AFM experiments were performed with a Nanoscope
Ifl scanning probe microscope. Height and phase im-
ages were obtained simultaneously while operating the
instrument in the tapping mode under ambient condi-
tions. Images were taken at the fundamental reso-
nance frequency of the Si cantilevers, which was typi-
cally around 300 kHz. Typical scan speeds during
recording were 0,3™" line/s using scan heads with a
maximum range of 16 x 16 um. The phase images rep-
resent the variations of relative phase shifts (i.e. the
phase angle of the interacting cantilever relative to the
phase angle of the freely oscillating cantilever at the
resonance frequency) and are thus able to distinguish
materials by their material properties (e.g. amorphous
and crystalline polymers).

Transmission electron microscopy (TEM)

The TEM measurements were carried out with a LEQ
CEM 912 transmission electron microscope applying

an acceleration voltage of 120 keV. The specimens
were prepared by embedding the fibers in ,LR white"
embedding media and sectioned using an ultramicro-
tome equipped with a cryo-chamber.

RESULTS AND DISCUSSION

Morphology of the nanocomposite polypropylene
fibres

TEM micrographs have been prepared of polypro-
pylene fibres having a drawing ratio, A, = 2 or .. = 3 and
containing various quantities of the filler, SOMASIF ME
C16 [10]. in the case of PP composite fibre containing
1% SOMASIF filler, prepared at a drawing ratio, 1 = 3,
and cut parallel to the fibre (Fig. 1, Sample E 23-3-500/
P), i tis seen that almost the whole area of the section
is covered with small, planar particles having an oblong
shape. These particles have a typical length of 750 nm
or more and a width of about 200 nm. All these parti-
cles are oriented in the drawing direction of the fibre
(i.e. from the left to the right in this case). The transpar-
ent appearance of the particles shows that they are
built up by a small number of SOMASIF layers respec-
tively. Some of these seem to be more clear (transpar-
ent) than the others. We consider the observed leaf-like
sheets to be single exfoliated layers of SOMASIF.

In the case of PP fibre filled with 5% SOMASIF and
with drawing ratio A = 2, the micrograph of the vertically
cut fibers provides, according to expectations, an indi-
cation of a higher density of the dispersed SOMASIF
particles. Also, the particles are oriented in the direc-
tion of drawing. Exfoliation of the SOMASIF particles
also takes place but is less pronounced than in the

Fig. 1 Parallel cut of PP nanocomposite fibres
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Fig. 2 Vertical cut of PP nanocomposite fibres
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Table 1 Tensile strength of the nanocomposite PP fibres filled with SOMASIF MEC16

PP + SOMASIF MEC16

PP Sample E23 Sample E23/22 Sample E22
SOMASIF 1 wt% SOMASIF 3 wt% SOMASIF 5 wt%
Drawing ratio A=2 A=3 A=2 =3 r=2 A=3 r=2 A=3
Tensile strength [cN/dtex] 2,81 3,09 0,65 1,46 0,83 1,66 1,34 2,30
Elongation [%] 33,35 28,50 32,30 26,15 32,15 26,12 32,35 25,70

case of fibre filled with 1% SOMASIF and with higher
drawing ratio, i.e. A = 3. This is supported by the ob-
served greater thickness of the small plate-like particles
of the same filler, SOMASIF, in the fibre.

Figure 2 (Sample E23-3-200) shows a vertical cut of
the fibre. The visible length of the particles corresponds
to the width of the particles shows in Figure 1. This re-
veals that the plate-shaped particles, SOMASIF, are
oriented in the direction of fibre drawing (i.e. perpen-
dicular to the plane of the image). Therefore the length
of the particles of about 750 nm (see Fig. 1) is not vis-
ible.

Mechanical properties of the PP-nanocomposite
fibres

The extruded nanocomposite fibres were drawn and
the submitted for tensile strength and ductility measure-
ments using an Instron Type 1112 apparatus. The fi-
bre sample containing 1 wt% nanocomposite (Sample
E23) with drawing ratio A = 2, showed considerable
decrease of tensile strength in the range from 2,81 to
0,65 cN/dtex in comparison with non-filled PP fibres.
This decrease in tensile strength is caused by the pres-
ence of the 10% of PP-g-MA compatibilizator. PP
grafted with maleic anhydride usually has a much lower
molecular weight than the original polymer. This is
caused by simultaneous degradation of PP during the
grafting reaction. Similar diminished tensile strength
has been observed with PP fibres containing only PP-
g-MA alone (without filler). In general, the compatibilizer
has considerable influence on the tensile strength of
the fibres. Nevertheless, an increase of the
nanocomposite filler in the PP fibres to 3 a mount of
self-assembled exfoliated structures on a higher level
than fibres prepared at drawing ratio, A = 2, and with
the same original content of SOMASIF filler (1 wt%,
Sample E23). So it can be concluded that the higher

Vidkna a textil 10 (3) 104-108 (2002)

level of self-assembled exfoliated structures in PP
nanocomposite fibres at ratio A = 3 are responsible for
the higher tensile strength. A similar effect of the draw-
ing of fibres was observed with PP-nanocomposite fi-
bres containing 3 wt% (Sample E23/22) and 5 wt%
(Sample E22) resp. (Table 1). This explanation of the
positive effect of the drawing of the fibres and the for-
mation of exfoliated structures, on their tensile strength
supports also an observation that an increase of the
filler content of self-assembled structures. Thus a con-
siderable increase of the tensile strength of the fibres
at the same drawing ratio (from 0,65 cN/dtex at 1 wt%
filler (Sample E23) to 1,34 cN/dtex at 5 wt% filler (Sam-
ple E22), both prepared at A = 2) can be expected.

Acknowledgement: Support of the Slovak grant agencies APVT
(grant 20-0710102) and VEGA (grant 1/8106/01) is appreciated.
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NANOKOMPOZITNE VLAKNA PRE TECHNICKE TEXTILIE

Translation of Abstract:
NANOCOMPOSITE FIBRES FOR TECHNICAL TEXTILES

Clanok je venovany novym materidlom — nanokompozitom na baze polymérov a vrstvenych silikatov ako
potencionalnym materialom pre aplikaciu pri vyrobe viakien a v textilnej technoldgii. Uvodna &ast pojednava
struéne o vyvoji hybridnych organicko-anorganickych nanoaditivach a ich disperziach v Sirokej Skale polymerov.
V experimentalnej &asti sa uvadzaju niektoré vysledky tykajlice sa pripravy polypropylenovych nanokompo-
zitovych viakien, hodnotenia morfologickej Struktury a mechanicko-fyzikalnych viastnosti. V praci sa pouzili
niektoré typy plniv typu Somasif MEC. Z vysledkov vyplyva, Ze pri vysokom stupni disperzity nanoaditiva v PP
vlaknach klesa pevnost vidkien a tiez ich taznost v porovnani s nemodifikovanym viaknom.
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PROCESSING OF POLYESTER CONCENTRATES FOR MASS
PIGMENTING OF PET FIBRES

Marcinéin, A., Ujhelyiova. A., *Brejka, O.

Slovak University of Technology, Faculty of Chemical and Food Technology, Department of Fibres and Textile
Chemistry, Radlinského 9, 812 37 Bratislava, Slovak Republic, E-mail: tmarcin @chtf.stuba.sk

*Research Institute for Man-Made Fibres, Stirova 2, 059 01 Svit, Slovak Republic

In this contribution the rheological behaviour of the polyester (PES) black pigment concentrates
and their processing in mass pigmenting of the polyethylene terephthalate (PET) fibres were
investigated. The rheological measurements and filterability of pigment concentrates as methods
for appreciating their processing properties as well as geometrical unevenness of spun dyed
fibres for evaluation of the PET-concentrate miscibility in spin-dyeing were studied. It was found
that the filterability of concentrates is proportional to the selected rheological parameters such as
viscosity. Unevenness of mass pigmented PET fibres results from mixing efficiency of polymer
and concentrates in extruder before spinning. Tenacity and elongation at break of fibres decrease
proportional to their diameter variance. Higher viscosity of concentrate leads to higher uneven-

ness of pigmented fibres.

INTRODUCTION

According to our previous papers the degree of pig-
ment dispersion in colour concentrate strongly depends
on mutual interactions among the components mainly
at interface of solid particles [1-3] and also on kinetic
conditions and rheology in dispersion and in mixing
processes [4, 5].

From this point view, dispersant can act as surfactant
and can significantly influences the surface and inter-
face phenomena. In previous research was found that
these interactions in ternary blend polymer-pigment-
dispersant can be studied perfectly by rheological
measurements and by methods of filterability of con-
centrates [5, 6].

The filterability of the dispersion (F,) is expressed as
an increment of the pressure Ap in front of the filter re-
lated to a weight of the filtrate (m) in conventional equip-
ment and filtration conditions [6]: F4 = Ap/m [5].

Investigating the pigment dispersion in low molecu-
lar polypropylene the relations between filterability of
the dispersion and coefficients of some empirical
rheological equations such as: 1. viscosity n, (n = 1/7),
2. power law index n from Ostwald and de Waele equa-
tion t = k.y", and 3. ,agglomeration” coefficient A from
empirical equation logn = logn., + A.t”', where t is shear
stress, ¥ is shear rate, k is coefficient and n_, is viscos-
ity for 7' — 0 were indicated [6, 7].

Mixing of polymer with pigment concentrate in melt
is accomplished under shear stress in laminar flow
conditions as a rule. The interface is increased with a
mixing time. The mixing efficiency is determined pre-
vailingly by the viscosity ratio of the dispersed phase
(n») (concentrate) and the polymer (n;) [8]. Some
model for immiscible polymers can be applied for ,mis-
cible” system polymer-pigment concentrate [9].

Vidkna a textil 10 (3) 109-113 (2003)

According to three layer model in which the layer of
dispersed phase (2) is between layers of matrix (1, 3),
in case of the much more higher viscosity of concen-
trate (n, than the viscosity of matrix (4, the (ny/n;) ra-
tio represents a high value and shear stress of dis-
persed phase is close to zero [8, 9]. The conditions for
mixing process are not suitable. In opposite case if the
viscosity of matrix is much more higher, comparing to
concentrate, the maximum of shear rate in dispersed
phase is given by equation: y, = v/(H — 2h) and condi-
tions for deformation of concentrate are more conven-
ient (y, — shear rate in dispersed phase, H distance
between borders of 1 and 3 layer, h — thickness of layer
1 (is equal for 3) and v — speed of upper border/speed
of lower border = 0).

In this paper the rheological properties of the selected
concentrates of C.l. Pigment Black 7 in commercial
PES carriers and their influence the geometrical un-
evenness and some mechanical properties of PET
spun dyed fibres were investigated.

EXPERIMENTAL

Material used

Polymer concentrates based on polyester carriers
and black pigments

No Polyester C.I. Pigment Pig. conc.
carriers Black 7 (wt. %)
1 PET L Printex L-6 25
2 PET G Nyl.Schwarz BLN 20
3 PET G Printex 300 20
4 PETT Printex L-6 25
5 PBT Printex 300 30
6 PBT Printex L-6 30
7 PET B Printex L-6 25
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PETL: Polyethylene terephthalate L, SH Senica, SK,
[]=05gl™"

PETG: Polyethylene terephthalate Grisuten, [n] = 0,55 g.I"".

PETT: Polyethylene terephthalate T (textile), SH Senica, SK,
[M]=065g.l".

PET B:  Polyethylene terephthalate B (bottle), SH Senica, SK,
[n]=09g.l".

PBT: Polybuthylene terephthalate, Celanex 2000

PETT: PET T melted and extruded at 285 °C

Methods

Rheological properties of polymers and concentrates
were measured using the capillary rheometer
Plastomer M 201 with capillary diameter D = Imm and
length L = 10mm at T = 285 °C. Initial stress 1, (t for
¥ — 0), power law index n, viscosity 1 for =500 s™ and
N fOr T — o, as well as agglomeration coefficient
were evaluated.

Filterability of pigment concentrates was evaluated by
means of the laboratory extruder D = 30mm at stan-
dard conditions [6, 7].

Instron 1112 apparatus for measurement of the me-
chanical-physical properties was used. Geometrical
unevenness of fibres (diameter) was evaluated by mi-
croscopic measurements.

Preparation of pigment concentrate

The powders of PES and C.I. Pigment Black 7 were
mixed at room temperature using a high speed mixer
and then meited and knitted using a laboratory Werner
Pfleiderer twin screw extruder, D = 28mm at 280°C.
Concentrates in chips form were prepared by cooling
and cutting of extrudate.

Preparation of spun dyed fibres

Spun dyed PET fibres were prepared using a labo-
ratory spinning line with extruder D = 30mm at 280 °C.
Polyethylene terephthalate T (textile) was pigmented in
mass by black concentrates before spinning. Concen-
tration of black pigment in fibres was 0,2; 1,0 and 2 %.
Fibres were drawn at temperature 120 °C. Linear den-

50 I
«
e
o
30 |
2
10 1 1 i L
0 50 100 150 200 250
¥,s”

Fig. 1 Estimation of initial share stress (1, of PES concentrates.
Extrapolation of = = f(y) for y — 0: 1. PET L + Printex L6 (25%);
2. PET G + NS BLN (20%), 4. PET T + Printex L6 (25%); 6.
PBT + Printex L6 (30%)
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sity of fibres was T, = 16,7 tex x f40. Cross-section of
the fibres can be expressed in Sl units by ,linear den-
sity” T in tex or by other derived units. 1 tex represents
the weight of 1000 m length of fibres. T = s.p; s — cross-
section of fibres, p — specific weight of fibres; f40 —
muttifilament consisting of 40 monofilaments.

RESULTS AND DISCUSSION

Four kinds of polyester carriers and three types of C.I.
Pigment Black 7 were used for preparation of PES con-
centrates with pigment concentration within 20-30
wt.%. All concentrates represent the standard or deve-
loped commercial products for mass pigmenting of PET
fibres.

Rheological measurements of polyester black pig-
ment concentrates reveal a non Newtonian, quasi-
Binghamian behaviour of the melt with critical shear
stress 1y at y — 0 (Fig.1, Table 1). It is evident that in
the laminar flow conditions at mixing process the actual
shear stress has to be above the critical value 5. The
critical shear stress 1, increases with viscosity of con-
centrates (Table 1). Rheological quantities measured
close to value of 1, exhibited the high variance of these
parameters.

Power-law coefficient n and coefficient of agglomera-
tion A reveal the difference in structure change during
flow of pigment concentrates in dependence on shear
conditions which results from disintegration of pigment
agglomerates (Figs. 2-3, Table 1). Both coefficients are
indirectly (n) or directly (1) proportional to the concen-
tration of black pigment in polyester concentrate as a
rule and they depend also on nature of polymers. Pig-
ment particles in PET G and in PBT carriers (sampies
2, 3, 5) exhibit a lower ability to agglomeration in com-
parison with their dispersion in PET. The viscosity at
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Fig. 2 Dependence of log shear stress (1) on log shear rate () for
selected black pigment polyester concentrates at 285 °C: 1 .
PET L + Printex L6 (25%); 2. PET G + NS BLN (20%); 3. PET
G + Printex 300 (20%); 4. PET T + Printex L6 (25%); 5. PBT
+ Printex 300 (25%); 6. PBT + Printex L6 (30%); 7. PET B +
Printex L6 (25%); 8. PET T
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Fig. 3 Dependence of logn on 1/t for selected black polyester
concentrates at 285 °C: 1. PET L + Printex L6 (25%); 2. PET
G + NS BLN (20%); 3. PET G + Printex 300 (20%); 4. PET T
+ Printex L6 (25%); 5. PBT + Printex 300 (25%); 6. PBT +
Printex L6 (30%); 7. PET B + Printex L6 (25%); 8. PET T

Table 1 The coefficients n, 1o, 2~ and n of rheological equations
for carbon black concentrates in polyester carrier at
285 °C, n, ~ concentrate viscosity, n, — PET viscosity

Con- C.l.Pigment

centrate Black 7 T no X107 n, msee (MdMp)sco
No c(%) (kPa) (%) (Pa.s)
PETT 0 0 0,84 04 793 813 -

1 25 29 028 450 44,7 1585 1,9
2 20 12 041 89 955 1122 1,4
3 20 14 051 11,9 91,2 2238 27
4 25 28 0,37 250 436 1318 16
5 30 14 060 92 66,1 2818 35
6 30 16 0,50 250 91,2 1995 24
7 25 33 0,33 453 89,1 316,3 3,9

Jnfinite” shear stress n., does not correspondent with
nsoo @nd also with agglomeration coefficient 1. High
values of i indicate a high ability to form the agglo-
merates with strong attractive interactions of pigment
particles (samples 1, 4, 6, 7). Weakest attractive inte-
ractions were observed in PBT concentrates (samples
5) where 30% pigment concentration from this point of
view corresponds with 20% pigment content in PET G
concentrates (Table 1).

The mixing conditions in one screw extruder do not
allow to prepare absolutely homogeneous blend PET-
concentrate. Inhomogeneity in polyester blends leads
to local change in viscosity of blend and to variance in
spun dyed fibre diameter. That is possibility to express
the mixing efficiency of PET and PES concentrate in
melt by geometrical unevenness of fibres.

The average values of the coefficient of variation of
fibre diameter in Table 2 reveal strong influence of the
rheological properties of concentrates on unevenness
of PET spun dyed fibres.

Dependence between viscosity, filterability, initial
stress and agglomeration coefficient of concentrates on
one side and coefficient of variation CV of fibre dia-
meter on other side reveal the unambiguous decrease

Vlakna a textil 10 (3) 109-113 (2003)

50 40
s g
)
&40 F <+ <
130"
O
30 - —>
| 20
20 +
10
10
0 -— . . " 0
6 8 10 12 14 16
CV, %

Fig. 4 Relations between rheological coefficients X, 1, of black PES
concentrates and unevenness of the spun dyed PET fibres
(CV of fibre diameter)
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Fig. 5 Dependence of the variation coefficient of the diameter of PET
spun dyed fibres on filterability of concentrates in log scale

1,2

> L 2
]
&
= 1,1 F
] b
0,9 +
0.8 L . )
2 2,1 2,2 23 24 2,5
log Nzoo

Fig. 6 Dependence of the variation coefficient of PET spun dyed fibre
diameter on black concentrate viscosity in log scale

of fibre evenness on these quantities (Figs. 4-7). Two
conclusions reveal these dependencies: Proportiona-
lity between viscosity and filterability of concentrates
and reality that three layer model derived for immisci-
ble two component blends [8] can be applied also for
“miscible” blend polyethylene terephthalate-polyester
concentrate.

Inhomogeneity of coloured fibres is indirect propor-
tional to their tenacity and elongation at break (Figs. 8,
9). High unevenness of fibres follows the gradually
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Fig. 7 Dependence of the variation coefficient of PET spun dyed fibre
diameter on agglomeration coefficient of PES black con-
centrates in log scale

breaking of individual monofilaments at both lower
stress and lower elongation.

Unambiguous straight line dependencies In CV =
f(Inn, InA, InF), where CV is variation coefficient of fi-
bre diameter express the role of viscosity of concen-
trates as the most important parameter in mixing pro-
cess (if the viscosity of pigmented polymer is constant)
without regard to kind of polyester carrier or type of the
C.l. Pigment Black 7. It can be considered that ,ag-
glomeration coefficient” A exhibiting the same depen-
dence on CV of fibre diameter (Fig. 4, 7) is included into
ratio of concentrate viscosity to polymer one ngn, (Ta-
ble 1) which is the basic parameter for quantification of
mixing efficiency of immiscible polymer melt.
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Fig. 8 Dependence of the tenacity of PET spun dyed fibres on
variance of fibre diameter
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Fig. 9 Dependence of the elongation of PET spun dyed fibres
(undrawn) qyﬂance of fibre diameter

Table 2 Statistical evaluation of the PET spun dyed fibre diameter at different concentration of C.l. Pigment Black 7. PET fibres 1{-7f

were coloured by concentrates 1-7

PET fibres Cpig Fibre Diameter Fibre diameter CcV, Ccv

(%) (um) variance, s? (%) (%)

PETT 0 34,9 6,5 7,05 7,05
0,2 37,2 12,1 9,27

1f 1,0 34,1 21,6 12,9 14,9
2,0 32,3 67,3 22,7
0,2 36,9 9,8 8,69

2f 1,0 36,8 8,8 8,22 7.9
2,0 38,0 6,5 7,08
0,2 36,8 9,5 8,55

af 1,0 37,5 56 6,58 8,0
2,0 37,8 10,3 8,91
0,2 36,8 21,7 12,92

4f 1,0 35,1 12,6 9,86 10,9
2,0 36,8 12,9 9,97
0,2 35,9 94 8,50

5¢ 1,0 36,2 8,9 8,28 7.7
2,0 37,1 51 6,27
0,2 37,0 58 6,68

6f 1,0 344 27,2 14,4 11,6
2,0 35,5 24,9 13,86
0,2 371 8,2 7,95

7f 1,0 36,1 15,4 10,90 11,0
2,0 34,8 25,8 14,10
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SPRACQVATELNOST POLYESTEROVYCH KONCENTRATOV
URCENYCH PRE FARBENIE PET VLAKIEN V HMOTE

Translation of Abstract:
PROCESSING OF POLYESTER CONCENTRATES FOR MASS PIGMENTING OF
PET FIBRES

V prispevku sa prezentuju reologické vlastnosti polyesterovych (PES) koncentratov pigmentu C.I.Pigment Black
7 aich spracovatelnost v procese pigmentacie polyetyléntereftaladtovych (PET) vlédkien v hmote. Pomocou
reologickych merani a metodou filtrovatelnosti sa hodnotili spracovatelské viastnosti koncentratov. MieSatelnost
koncentratov s PET sa vyhodnotila nepriamo meranim geometrickej nerovnomernosti viakien farbenych v hmote.
Experimentaine vysledky ukézali na priamoumerny vztah medzi viskozitou a filtrovatelnostou koncentratov.
Nerovnomernost priemeru vldkien je ovplyvnena tiez uc¢innostou miesania polyméru a koncentratu v tavenine
pred zvlaknenim. Predpoklad, Zze va¢sia nehomogenita zmesi sa prejavi vy$Sou nerovnomernostou vlakien, sa
experimentalne potvrdilo a nasli sa zavislosti medzi nerovnomernostou PET vlakien farbenych v hmote a
niektorymi reologickymi veli¢inami farebného koncentratu. Zistila sa tiez nepriamolmerna zavislost medzi
pevnostou a geometrickou nerovnomernostou viakien.
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CATIONIZED WOOL FIBRES AND POSSIBILITIES FOR
THEIR APPLICATION

Lukanova, V., Gantchev, V.

University of Chemical Technology and Metallurgy, 8 Kliment Ohridski bivd., 1756 Sofia, BULGARIA
E-mail: vkg @uctm.edu

As a result of the research carried out, a change in the heat-physical properties of wool fibres,
modified with Polymin P is determined. Lower levels of alkalisolubility and carbamidbisulfite solu-
bility of the treated fibres are also observed. The modified fibres posses increased adsorption
capacity for chloropyrimidine and vinyisulfone dyes.

Keywords: cationization; wool fibres; Polymin P.

INTRODUCTION

Textile production entails extremely large consump-
tion of water, which, after the various technical treat-
ments, contains a number of impossible to decompose
dangerous pollutants that very often get into the soils
and the natural water basins [1]. The reactive dyestuffs
and their hydrolyzed forms are reckoned among this
class of dangerous pollutants. Parallel to the dying and
printing with reactive dyestuffs, even if the technologic
regime is most strictly observed, in the bath and on the
fibres is formed a hydrolyzed form of the dyestuff, which
is not effective and falls off during the subsequent
washing. This effects both the dyeing yield and the
pollution of the waste waters. Many methods for purifi-
cation of waste waters are known [2], and most of them
include the usage of strong ion exchangers. Widely
applied are the ion exchanging resins, prepared on the
base of polyethylenimins ( PEI ), due to their high ex-
changing capacity [3]. Very effective is the usage of PEI
as precipitate agents of anion suspensions during pu-
rification of waste waters, lightening of fruit juices, pres-
ervation of foods etc. [4, 5]. However, the ion exchang-
ers prepared through modification of fibres are quite
more effective due to the fact, that the fibres possess
more complex surface than the granulated ionites, and
respectively higher adsorption capacity. On the other
side the usage of natural fibres — cotton, wool, natural
silk etc. — as a matrix for ion exchangers, has the low-
est impact over the environment, because these fibres
are completely decomposed when turned into waste
materials.

The emphasized above facts, and the fact that the
maodification carried out with polyethylenimins is rela-
tively easy, lined the basic goals of the studies carried
out in the present work, and they are:

¢ determination of the changes in the heat-physical

properties of wool fibres modified with poly-
ethylenimin.

e study of the possibility for usage of cationized with

Polymin P wool fibres, for purification of waste
waters polluted with reactive dyestuffs.
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WORK METHOD

The modification is carried out with 10% water solu-
tion of Polymin P (—CH,—CH,—NH-), with molecular
mass 20 000-30 000, on wool tops of 60-th grade (fi-
bre thickness 23.5-25.0 um). The method of soaking -
heat treatment is applied, which includes:

¢ soaking of the wool fibres with a water solution of

Polymin P under pH 8.5-9.0 for 10 min.

¢ pressing out of a foulard at 100 % degree of

pressing.

® Drying in laboratory cell at 80 °C for 30 min.

® Heat treatment at 120 °C for 10 min.

e Washing at 40 °C for 10 min. in bath, containing

1 g/l non-ionogenic textile auxiliary at M 1 : 40, for
the removal of the Polymin P that is not bound.

The drying of the fibres is obligatory, because even
small quantities of residual humidity help the migration
of the polymer and uneven laying on the surface of the
fibres.

Aiming to determine the effectiveness of the tempera-
ture of the modification carried out, in the work are stud-
ied fibres which have just been dried at 80 °C and fibres
that have been dried and thermofixed at 120 °C, which
are compared with the untreated fibres. The possibil-
ity for more low-temperature modification would have
positive effect on the economy of the process, regard-
ing its energy consumption.

The change in the heat-physical properties of the fi-
bres the cationization carried out is characterized with
the help of differential thermal (DTA) and thermo-
gravimetry (TGA) analyses, which are made on
derivatograph OD 102 of the Hungarian company
MOM, system Paulik, with test samples of about 200
mg cut up fibres at equal heating velocity — 2.5 °C/min
in ceramic crucibles in static air environment.
Dialuminum trioxide is used as a standard.

The DTA analysis represents determination of the
temperatures at which the heated sample undergoes
chemical and physical transformations, which are ac-
companied by thermal effect.
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RESULTS AND DISCUSSION

On the derivatogram on Fig. 1, in the temperature
area 70-150 °C is expressed endothermic process
of desorption of humidity and liberation of water. This
effect is strongest with the treated with Polymin P
samples, which is also confirmed by the results in
Table 1 concerning the change in the mass of the
fibres. In the case of wool fibres modified at 80 °C,
the decrease in the mass at the beginning of the
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Fig. 1 Derivatogram of wool fibres cationized with Polymin P:
1.-80°C, 2. - 120 °C, 3. — untreated fibres

deviations in the area of destruction is 11.4%, which
is due not only to desorption of humidity, but is also
as a result of liberation of not bound Polymin P. A
clear tendency towards increase of the temperature
in the area of destruction is observed, which leads
to a change in the progress of the curve — respec-
tively for the initial wool 210 °C, the wool treated with
Polymin P at 80-212°C, and for the treated with
Polymin P at 120-225 °C. This is connected to a
change in the structure of the samples, especially
at higher cationization temperature. According to lit-
erature data [5], the destruction of the polyethylen-

increased with about 15 °C and the loss of mass is
smaller than that of the initial wool fibres. In the
derivatogram occurs a peak at 215°C for the un-
treated fibres, which is connected to an endothermic
process, regarding the first stage of destruction, as
a result of the breaking of the intermolecular bonds
and the destruction of the wool’s keratin. In the case
of the treated fibres this peak is at higher tempera-
ture: 218 °C — for modified at 80 °C and 230 °C - for
modified at 120 °C. This destruction is a result of the
breaking of the disulfide bonds as well as the de-
struction of free phenol, amino and hydroxyl groups.

In the temperature interval 240-250 °C on Figure 1,
the curves reflect an endothermic process, probably
connected to the formation of intermolecular bonds and
the globulation of the keratin, and also thermal destruc-
tion as a result of its disintegration. This peak is regis-
tered for untreated wool at 250 °C, for treated at 80—
253 °C, and for treated at 120-280 °C. The reason for
the hindered thermal destruction (280 °C) of curve 2 is
a result of the clearly expressed interaction between
the wool fibres and Polymin P at 120 °C. The treatment
of fibres at 80 °C does not include chemical interaction,
because the temperature of complete destruction of the
fibres is the same as that of the untreated fibres. Be-
sides, a large part of the precipitated, probably on the
surface, Polymin P is disintegrated to volatile sub-
stances, which influences the substantially increased
loss of mass at that temperature — 34.3% for the modi-
fied at 80 °C, 22 % for the untreated and 17.9 % for the
modified at 120 °C (table 1):

The analyses carried out show, that during modifica-
tion of wool fibres with Polymin P at 120 °C, a chemi-
cal reaction between them takes place, as a result of
which their heat physical properties are changed. The
temperature of destruction of the keratin of the modi-
fied under these conditions fibres is 280 °C, and that of
the initial —~ 250 °C; the loss of mass of the first is
42.3 %, and that of the initial — 50 %.

As a result of the modification carried out, a change
in the chemical behavior of the wool fibres also took
place, which is proven by the data for alkalisolubility
(AS) and carbamidbisulfite solubility (CBS), shown in
Table 2.

Table 2 AS and CBS of the fibres

imins in air environment starts at temperatures above No Type of AS CBS
250 °C, i.e. in the case of the modified at 120 °C fi- treatment % %
bres, the temperature in the area of destruction is 1. Polymin P — 80 °C 12,3 12,0
2. Polymin P - 120°C 10,5 111
. 3. Untreated wool fibres 14,7 13,5
Table 1 Loss of mass by the fibres
No Type of Loss of mass by the fibres, %
treatment 100°C 150 °C 200 °C 250°C 300°C 350 °C 400 °C
1. Polymin P — 80 °C 11,4 12,8 157 34,3 457 55,7 62,8
2, Polymin P - 120 °C 8,4 8,9 9,5 17,9 30,5 38,9 423
3. Untreated wool fibres 7,0 9,8 10,0 22,1 34,3 421 50,2
Vidkna a textil 10 (3) 114-117 (2003) 115



The data in Table 2 show the protective function of
the precipitated on the surface and in the interior of the
fibres polymer. Compared to the AS of the untreated fi-
bres, that of the treated is lower, i.e. the infiltration of
the alkalis to the polypeptide chain is hindered. The
same is observed ad CBS, which is a measure for the
breaking of the cross links in the keratin of the wool.
The access to them of carbamide-bisulfite solution is
hindered too, as a result of which the values of CBS for
the treated fibres are lower, especially for the modified
at 120 °C.

A proof for the change in the structure of the wool fi-
bres after their cationization with Polymin P is also their
increased adsorption capacity towards anion dyestuffs,
which is most probably a result of a change of the fi-
bres’ surface potential. A large number of iminogroups
is brought in with the modification, which are protonized
in water solution and strongly increase the affinity of the
fibres towards the anion dyestuffs. The studies are
carried out with the dyestuffs Bezaktiv Green V-6B —
vinylsulfone and Drimaren Brilliant Blue P-2RL -
chloropyrimidine from water solutions with concentra-
tion 0.05 g/I, which are filtered through the modified fi-
bres. The idea for the production of filters is to use
waste fibres from the wool-textile industry. The quan-
tity of the adsorbed dyestuff is measured by the differ-
ences in the concentrations of the dyestuff in the initial
solution and in the filtrate, which are determined spec-
trophotometrically according to previously prepared
standard straight line of the respective dyestuff accord-
ing to the following formula:

Quantity of

the adsorbed
dyestuff, [mg.g”]

Quantity of the adsorbed dyestuff, [mg.g™'] =
= 2[(Co - C,).25]/m,

where C, — concentration of the dyestuff in the ini-
tial solution, g.I"!, C,, — concentration of the dyestuff
in the filtrate, g.I"", 10 < n < 40, m — mass of the
fibres.

The mass of the filter, which is cut out and well mois-
turized wool fibres is 1g. Each separate potion of dye-
stuff solution is 25 ml.

As seen from Fig. 2, the adsorption capacity of the
modified with Polymin P fibres for Bezaktiv Green V-6B
is many times bigger than that of the untreated. The
fibres modified at 120 °C bind larger quantity of dyestuff
(48.5 mg/g) than the fibres modified at 80 °C. This
proves the recapitulations made above, concerning the
impact of the temperature at which the modification of
the fibres is carried out. In previous works is optimized
the concentration of the modifying agent and is deter-
mined that the 10 % solutions are most effective.

On Fig. 3 is shown the adsorption capacity of the fi-
bres when filtering solutions of the dyestuff Drimarene
Brilliant Blue P-2RL. Fig. 3 is identical to Fig. 2. Again
the fibres modified with Polymin P at 120 °C retain the
largest quantity of dyestuff. What draws the attention
is that the adsorbed chloropyrimidine dyestuff is less
than the adsorbed vynilsulfone. This can be explained
with the lower reactive property of the chloropyrimidine
reactive dyestuffs than that of the vynilsulfone.

CONCLUSION

The modification of wool fibres with Polymin P
changes the structure of the fibres, which reflects on

Diagram 1
Bezaktiv Green V-6B
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Fig. 2 Dependence of the quantity of the adsorbed dyestuff on the type of treatment
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Fig. 3 Dependence of the quantity of the adsorbed dyestuff on the type of treatment

their heat-physical behavior. The temperature of de-
struction of the keratin increases with about 30 °C to-
wards that of the untreated fibres.

The modified with Polymin P fibres have lower values
of AS and CBS than the initial, most probably as a re-
sult of an interaction with the reactive groups of the fi-
bres which has occurred.

The modified wool fibres possess stronger adsorption
capacity towards the vynilsulfone and chloropyrimidine
reactive dyestuffs. This can be used for the production
of filter mediums from waste wool fibres for purification
of waters, polluted with the studied dyestuffs.
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Translation of abstract:
CATIONIZED WOOL FIBRES AND POSSIBILITIES FOR THEIR APPLICATION

Vysledkom tejto prace je zmena tepelno-fyzikainych vlastnosti vinenych vidkien modifikovanych Polyminom P.
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SURFACE ROUGHNESS OF PROTECTIVE CLOTHING
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The main goal of protective clothing design is the realization of heat resistance. On the other
hand it is necessary to ensure wearing comfort as well. Important parts of mechanical comfort are
tactile properties including roughness. Standard methods of surface roughness measurement are
based on the surface profile evaluation. Example is Kawabata evaluation system (KES), where
the surface height variation (SHV) trace is obtained. In this contribution the simple technique
based on the tracking of metal blade on the textile surface and registration of required load is
described. The continuous recording of the load is realized on the TIRATEST tensile testing
machine. The result of measurements is surface force trace (SFV).

For characterization of roughness the mean absolute deviation MAD (denoted by Kawabata. as
SMD) is usually used. The procedure of surface complexity parameters evaluation from SHV
traces is based on the fractal dimension computed form power spectral density and variogram (or
autocorrelation function). The main aim of this work is quantitative comparison of various rough-

ness characteristics and relation of these characteristics with subjective hand.
KEYWORDS: surface roughness, measuring device, fractal dimension

1. INTRODUCTION

Roughness of engineering surfaces has been tradi-
tionally measured by the stylus profiling method creat-
ing of surface profile called surface height variation
(SHV) trace [7]. This profile characterizes thickness
(height) variation in selected direction. Modern meth-
ods are based on the image processing of surface im-
ages [10]. Surface irregularity of plain textiles has been
identified by friction [1], contact blade [2,4], lateral air
flow [3], step thickness meter [6] or subjective assess-
ment [5].

Standard methods of surface profile evaluation are
based on the relative variability characterized by the
variation coefficient (analogy with evaluation of yarns
mass unevenness) [8] or simply by the standard devia-
tion. This approach is used in Shirley software for
evaluation of results for step thickness meter [9].

Characterization of roughness based on the mean
absolute deviation MAD is the classical descriptive sta-
tistical approach. This statistical characteristic is use-
ful for random SHYV traces where elements of SHV
trace are statistically independent each other. The SHV
profile of a lot of fabrics has been identified as irregu-
lar and more structured.

The descriptive statistical approach based on the
assumptions of independence and normality leads to
biased estimators if the SHV have short or long-range
correlations [8]. There is therefore necessary to distin-
guish between standard white Gauss noise and more
complex models. For description of short range corre-
lations the models based on the autoregressive mov-
ing average are useful [14}]. The long-range correla-
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tions are characterized by the fractal models [15,12].
The deterministic chaos type models are useful for
revealing chaotic dynamic in deterministic processes
where variation appears to be random but in fact there
are predictable [13].

For the selection among above mentioned models
the power spectral density (PSD) curve evaluated from
experimental SHV can be applied [17].

Especially the fractal models are widely used for
rough surface description [16]. For these models the
dependence of log(PSD) on the log(frequency) should
be linear. Slope of this plot is proportional to fractal
dimension and intercept to the so-called topothesy.
For white noise has dependence of log(PSD) on the
log(frequency) nearly horizontal plateau for all frequen-
cies (the ordinates of PSD are independent and
exponentially distributed with common variance {13]).
More complicated rough surfaces as result of grinding
can be modeled by the Markov type processes [19]. For
these madels the dependence of log(PSD) on the
log(frequency) has plateau at small frequencies then
bent down and are nearly linear at high frequencies.

The fractal type models were criticized by
Whitehouse, who concluded that the benefits are more
virtual than real [16]. On the other hand the deeper
analysis of rough surface should use more complex
model than classical descriptive statistics.

Greenwood [11] proposed technique based on the
definition of local maxims (peaks) and derivation of
peaks height distribution. A lot of recent works is based
on the assumption that the stochastic process
(Brownian motion) can describe thickness variation
[20].
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This work is devoted to the analysis of load required
to move of blade on fabric surface R(d) obtained from
new accessory to tensile testing machine. The combi-
nation of classical roughness characteristics and fractal
dimension estimation is used for evaluation of surface
roughness of barrier technical textiles having various
structures. Roughness characteristics are compared
with subjective hand ratings.

2. SURFACE PROFILE EVALUATION

Kawabata [2] constructed measuring device for reg-
istration the surface height variation (SHV) trace. The
main part of this device is contactor in the form of wire
(diameter 0.5 mm). This contactor is moved by constant
rate 0,1 cm/sec and SHV is registered on paper sheet.
The sample length L = 2 cm is used. The SHV corre-
sponds to the surface profile in selected direction (usu-
ally in the weft and warp directions are used for SHV
creation). The result of measurements is thickness R(d)
in various distances d from origin. Characterization of
roughness is based on the mean absolute deviation
MAD (the classical descriptive statistical approach).

Similar approach is based on the measurement of
R(d) by Shirley step meter with replacement of meas-
uring head by blade [21].

We have constructed the simple accessory to the
tensile testing machine. The principle is registration of
the force F(d) needed for tracking the blade on the tex-
tile surface. Roughly speaking, the F(d) should be in-
versely proportional to the R(d). In reality, the F(d) pro-
file is different due to small deformation surface
deformation caused by the tracked blade. Based on the
preliminary testing the following working conditions
have been selected:

Blade contact pressure 0.2 N

Blade movement rate 0.6 mmy/s

Sampling frequency 50 1/s (length between samples
Ad =0.013 mm)

Fig 1 Accessory for roughness evaluation
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Investigated length T = 30 mm

The picture of this accessory is on the Fig. 1.

Output from measurements is sequence of loads
F(d,). Variation of thickness R(d) or loads F(d;) can be
generally assumed as combination of random fluctua-
tions (uneven threads, spacing between yarns, non
uniformity of production etc.) and periodic fluctuations
caused by the repeated patterns (twill, cord, rib etc.)
created by weft and warp yarns. For description of
roughness the characteristics computed from R(d) or
F(d) in places 0<d<T (T is maximum investigated sam-
ple length and M is number of places ) are used.

Especially for weaves it is necessary to identify peri-
odic componentin R(d) or F(d) as well. For this purpose
the spectral analysis can be useful. The position of re-
peated weave pattern can be estimated from variance
spectrum (power spectral density function) P(w) = PSD
estimated from periodogram.

3. SURFACE ROUGHNESS DESCRIPTION

There are two reasons for measuring surface rough-
ness. First, is to control manufacture and is to help to
ensure that the products perform well. In the textile
branch the former is the case of special finishing (e.g.
pressing or ironing) but the later is connected with com-
fort appearance and hand.

From a general point of view, the rough surface dis-
play process which have two basic geometrical fea-
tures:

1. Random aspect: the rough surface can vary con-
siderably in space in a random manner, and sub-
sequently there is no spatial function being able to
describe the geometrical form,

2, Structural aspect: the variances of roughness are
not completely independent with respect to their
spatial positions, but their correlation depends on
the distance. Especially surface of weaves is char-
acterized by nearly repeating patterns and there-
fore some periodicities are often identified.

From the SHV or SFV trace is possible to evaluate a
lot of roughness parameters. Let we define roughness
characteristics for SHV (the same equations are also
valid for SFV). Classical roughness parameters are
based on the set of points R(d;) j =1.. M defined in the
sample length interval L. The measurement points d,
are obviously selected as equidistant and then AR(d)
can be replaced by the variable R;. For identification of
positions in length scale is sufficient to know sampling
distance d; = d;— d;., = L/M for j>1.The standard rough-
ness parameters used frequently in practice are [22]:

(i Mean Absolute Deviation MAD. This parameter is
equal to the mean absolute difference of surface
heights from average value (R,). For a surface profile
this is given by
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]
MADz—M;iRI—Ra[ (1)

This parameter is often useful for quality control.
However, it does not distinguish between profiles of
different shapes. Its properties are known for the case
when R/’s are independent identically distributed (.i.i.d.)
random variables

(il) Standard Deviation (Root Mean Square) Value
SD. This is given by

_ 1 Ay
SD= /M;(H, R,) ()

Its properties are known for the case when R/’s are
independent identically distributed (.i.i.d.) random vari-
ables. One advantage of SD over MAD is that for nor-
mally distributed data can be simple to derive confi-
dence interval and to realize statistical tests. SD is
always higher than MAD and for normal data is SD =
1.25 MAD. It does not distinguish between profiles of
different shapes as well. The parameter SD is less suit-
able than MAD for monitoring certain surfaces having
large deviations (corresponding distribution has heavy
tail).

(iii) Mean Height of Peaks MP. This is calculated as
the average of the profile deviations above the refer-
ence value R (oftenis R = R,). ltis given as mean value
of peaks P;, i = Np where

P,=R,— R forR,— R >0 and P, = 0 elsewhere

(iv) Mean Height of Valleys MV. This is calculated as
the average of the profile deviations below the refer-
ence value R (often is R = R,.). It is given as mean
value of valleys V;, i = Nv where

V.=R~-R;forR;— R <0 and V, =0 elsewhere

The parameters MP and MV give information on the
profile complexity. Exceptional peaks or valleys are not
considered but are useful in tribological applications.

(v) The Standard Deviation of Profile Slope PS. This

is given by
1 Z(dR(x)]Z
M dx ;

PS = (3)

(vi) The Standard Deviation of Profile Curvature PC.
This quantity called often as waviness is defined by the
similar way

1 (PR
o ()

(4)
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The slope and curvature are characteristics of a pro-
file shape. The PS parameter is useful in tribological
applications. The lower the slope the smaller will be the
friction and wear. Also, the reflectance property of a
surface increases in the case of small PS or PD.

(vii) Mean Slope of the Profile MS. This is given by

us -1 5> dR(x)

M| dx )

Mean slope is an important parameter in several
applications such as in the estimation of sliding friction
and in the study of the reflectance of light from surfaces.

(viil) Ten Point Average TP. This characteristic is
defined as the average difference between the five
highest peaks and five deepest valleys within a surface
profile. The parameter TP is sensitive to the presence
of high peaks or deep scratches in the surface and is
preferred for quality control purposes.

These parameters are useful in the case of functional
surfaces or for characterizing surface bearing and fluid
retention and other relevant properties. For the char-
acterization of hand will be probably best to use wavi-
ness PC. The characteristics of slope and curvature
can be computed for the case of fractal surfaces from
power spectral density, autocorrelation function or
variogram.

A set of parameters for profile and surface characteri-
zation are collected in [20]. These parameters are di-
vided to the following groups:

e Statistical characteristics of height distribution

(variance, skewness, kurtosis)

e Spatial characteristics as autocorrelation or
variogram (denoted in engineering as structural
function)

* Functional characteristics (connected with fluid
retention or flow properties)

There exists a vast number of empirical profile or
surface roughness characteristics suitable often in very
special situations. Some of them are closely connected
with characteristics computed from fractal models
(fractal dimension and topothesy). Greenwood [11]
proposed a general theory for description of surface
roughness based on the distribution of heights.

General surface topography is usually broken down
to the three components according to wavelength (or
frequency). The long wavelength (low frequency) range
variation is denoted as form. This form component is
removed by using of polynomial models or models
based on the form shape. The low wavelength (high
frequency) range variation is denoted as roughness
and medium wavelength range variation separates
waviness. The most common way to separate rough-
ness and waviness is spectral analysis. This analysis
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is based on the Fourier transformation from space do-
main d to the frequency domain w = 2n/d.

For computation of above-mentioned characteristics
the program DRSNOST in MATLAB has been created.
The following characteristics are computed:

. Mean absolute deviation MAD

. Mean profile slope MS

. Standard deviation of profile slope PS

. Standard deviation of profile curvature PC
. Ten point average TP

. Variation coefficient CV =SD/ R,

. Mean fractal dimension Dg

. Initial fractal dimension Dg,

The computation of fractal dimensions is described
in chap. 6.

O~NOTP,~,WN =

4. SPECTRAL ANALYSIS

The primary tool for evaluation of periodicities is ex-
pressing of signal R(d) by the Fourier series of sine and
cosine wave

R(d) = %0 + 3 (8, cos(2rkd) + b, sin(27kd))  (6)
K

Quantity d is often time or distance from origin and
k=1,2,3,4.... The first two terms have period 1, the sec-
ond two terms have period 1/2, the third two terms have
period 1/3 etc. One consequence of this is that the dif-
ferent pairs of terms are orthogonal (integral of their
product is zero). This fact facilitates fitting of Fourier
series to experimental data. The term a,/2 can be made
zero by centralization (i.e. subtracting of mean value).
By using of Euler formula exp(ia)=cos(a)+isin(a), where
i is imaginary unit the Fourier series may be written in
the compact form

R(d) =Y _c, exp(-2rikd)
K

The complex coefficients ¢, have real and imaginary
part a, and /b, In Fourier series only the terms up to
k = M/2 contain any useful information. After this bound
are real coefficients repeated symmetrically and imagi-
nary coefficients repeated antisymmetrically. The
Fourier Transform is conversion of data from series
according to d to the series of frequencies o =
2nk/(ML), fork =1, 2, 3...

RF(0) = 3. R(d) exp(-iod) (7)

Function RF is symmetric about frequencyw = 2m/L.
For discrete data the fast Fourier Transform (FFT) leads
to transformed complex vector DRF. Vector DRF may be
used for creation of power spectral density. P(w)

P(w) = DRFconj(DRF)/1? = abs(DRF)? | [ (8)
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where conj(.) denotes conjugate vector. The P(w) is
estimator of spectral density function and contains val-
ues corresponding to contribution of each frequency to
the total variance of R(d). Frequency of global maxim
on P(w) is corresponding to the length of repeated pat-
tern and height corresponds to the nonuniformity of this
pattern. Spectral density function is therefore generally
useful for evaluation of hidden periodicities.

The estimation of the spectral density function P(w)
is relatively straightforward in theory but in practice situ-
ation is more difficult since data are only available in
discrete samples of limited extent. For finite sample
lengths if is necessary to use windowing (avoiding leak-
age) de-trending (avoiding non stationarity of mean)
and filtration of parasite frequencies [26]. The main
spectral estimators are available in Signal Processing
toolbox of MATLAB system [28]. The spectral estima-
tors for finite data length corrupted by random errors
could be inaccurate. The more sophisticated proce-
dures are very sensitive to the tuning parameters. For
estimation of fractal dimension is therefore the best way
to use simple FFT based method with proper data pre-
treatment (detrending, windowing) [27].

5. STATISTICAL ANALYSIS

A basic statistical feature of R(d) is autocorrelation
between distances. Autocorrelation depends on the lag
h (i.e. selected distances between places of thickness
evaluation). The main characteristics of autocorrelation
is covariance function C(h)

C(h) = cov(R(d),R(d + h)) =
= E((R(d) - E(R(d)) (R(d + h) - E(R(d)))

and autocorrelation function ACF(h) defined as normal-
ized version of C(h)
ch)
CF(h) o) (9)
The E(x) denotes expected value of x. ACF is one of
main characteristics for detection of short and long-
range dependencies in dynamic (time) series. It could
be used for preliminary inspection of data. The compu-
tation of sample autocorrelation directly from definition
is for large data tedious. The technique of ACF crea-
tion based on the FFT is contained in Signal Process-
ing toolbox of MATLAB (procedure xcorr.m) [28]. The
spectral density is the Fourier transform of covariance
function C(h)

P(w) = E};?C(t) expciot)dt  (10)
0

The ACF is inverse Fourier transform of spectral
density
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C(h) = TP(Q) exp(ioh)dw
0

(1)

These relations show that characteristics in the space
and frequency domain are interchangeable.

In spatial statistics is more frequent variogram, (called
often as structure function) which is defined as one half
variance of differences (R(d) — R(d+h))

T'(h) = 0.5 DIR(d) - R(d + h)] (12)

or

I'(h) = 0.5 [E(R(d) - R(d + h))* - E(R(d) - R(d + h))](13)

Symbol D(x) denotes variance of x. For stationary
random process is mean value independent on lag h
i.e. E(R(h)) = m and then

I'(h) = 0.5 E(R(d) - R(d + h))? (14)

For random processes having stationarity of second

order is valid

C(h) = E[R(d) R(d + h)] - (15)

Variance is then equal to
D(R(d))=C(h=0)=

C(0) (16)

and variogram is directly related to covariance

I'(h) = C(0) -

The variogram is relatively simpler to calculate and
assumes a weaker model of statistical stationarity, than
the power spectrum. Several estimators have been sug-
gested for the variogram. The traditional estimator is

M(h)
Z (R(d,) -
/=1

C(h) (17)

G(h) = Rd.,?  (18)

where M(h) is the number of pairs of observations
separated by lag h. Problems of bias in this estimate
when the stationarity hypothesis becomes locally
invalid have led to the proposal of more robust estima-
tors. One such estimator has been created by Cressie
and Hawkins [29]. Another estimator has been sug-
gested by Isaaks and Srivastava [30].

It can be summarized that simple statistical charac-
teristics are able to identify the periodicities in data but
the reconstruction of “clean” dependence is more com-
plicated. The variogram is often sufficient for characteri-
zation of surface profiles.

6. FRACTALS AND FRACTAL DIMENSION
Most of man made objects are geometrically simple
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and can be classified as composition of regular geo-
metric shapes as lines, curves, planes, circles, spheres
etc. Some objects are not be approximated precisely
by the regular geometric shapes. One category of these
objects is called fractals. Benoit Mandelbrot has
coined term fractal in the seventies [12]. (From Latin
fractus, meaning irregular or fragmented). Fractals
have two interesting characteristics. First of all, fractals
are self-similar on multiple scales, in that a small por-
tion of a fractal will often look similar to whole object.
Second, fractals have a fractional dimension, as op-
posite to integer dimension of regular geometrical ob-
jects.

Because fractals are self similar they are constructed
by recursion. For geometrical fractals is the recursion
explicitly visible. For stochastic fractals or random
fractals the recursion is more little subtle and may be
an artifact of an underlying fractal building process that
occurs on multiple spatial scales. The main character-
istic of both fractals types is fractal dimension. The frac-
tional (fractal) dimension D can be evaluated by the
following way. Let the number N(J) of line segments
of §length needed to cover the whole curve in plane
is measured. The length of curve is estimated as L(9)
=N(6)4. In the limit § — O the estimator L(5) becomes
asymptotically equal to length of curve L independently
on S. The Hausdorf-Besicovitch dimension D (fractal
dimension) of this curve is the critical dimension for
which the measure M,(6) defined as

My (8) = N(5)s°

changes from zero to infinity [23]. The value of M,(0) for
d = D is often finite and therefore for sufficiently small
ois valid

NS)~ 82  or  L(©S)~ 6P

The fractal dimension is then computed as

D=1_IogL(§)
logd

For random fractals is simpler to use power spectral
density or related functions. Some techniques for fractal
dimension computations are summarized e.g., in [24].
The methods for computation oh Hurst coefficient is
described in [25].

In measurement of surface profile (thickness varia-
tion R(h)) the data are available through one dimen-
sional line transect surface. Such data represents curve
in plane. The fractal dimension D¢ is then number be-
tween 1 (for smooth curve) and 2 (for rough curve).

Fractals are characterized by power type depend-
ence of variogram and power spectral density. For a
power law variogram is valid

T(h) ~ c|h|” (19)
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where cis a constant. The Hurst exponent H, lies in the
interval (0,1). Where H = 0 this denotes a curve of ex-
treme irregularity and H = 1 denotes a smooth curve.
Exponents H and fractal dimension D are in fact related

D =2-H (20)
Similarly, for P(w) is valid
P(w) = ¢, |w| 2" (21)

where exponent (1 + 2H) lies in the interval (1,3).
Fractal dimension is conventionally obtained through
estimating the parameter from a LSE linear regression
of the log-log transformation of Equations (19) and (21).
In practice is behavior expressed by egn. (19) valid
near origin and by enq (21) in a neighborhood of infin-
ity. In general, it s D computed from this relation de-
noted as effective fractal dimension.

There are several problems with estimating fractal
dimension in this fashion. First, elevation points, points
on the variogram and the error term in the LSE regres-
sion are likely to be autocorrelated. Second, data points
in log-log space are unequally spaced and, third, de-
cisions concerning an acceptable cutoff for goodness
of fit (R?) of the linear function are of an arbitrary a pri-
ori nature. Since the aim of the line fitting exercise in
estimating fractal dimension is the description of the
relationship rather than prediction, the bias introduced
by the first problem is not critical. A solution to the sec-
ond is to re-sample the data using a geometric progres-
sion, but at a cost of a dramatic reduction in the number
of points used in the line fitting exercise. An alternative
to the third is to estimate the standard error SE around
the slope of a regression line. Based on these equa-
tions the program DRSNOST in MATLAB for estima-
tion of fractal dimension from variogram has been con-
structed. From the first 12 points (excluding 3 points
near origin) the initial fractal dimension Dg, and from
all points the mean fractal dimension D, are computed.

7. EXPERIMENTAL PART

The 54 flame retardant barrier textiles have been
selected for investigation. They covered flame retard-
ant finished cotton fabrics (satin, linen and twill pat-
terns), fabrics created from heat resistant fibers
(Nomex, FR Viscose anf modacrylic fibers), and com-
binations of hat resistant fibers with flame retardant fin-
ished cotton. The F(d) traces have been obtained by
means of above described accessory. The R(d) traces
have been obtained from KES device and Kawabata
mean roughness (MAD) was computed. The subjective
hand SH was evaluated from judgment of 30 persons.
They rated the fabrics to the 11-point scale. The sub-
jective hand SH was computed as median of ratings
divided by 11.
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8. RESULTS AND DISCUSSION

For investigation of mutual relations among subjec-
tive hand, classical characteristics of roughness (out-
puts 1-6 from DRSNOST program) and fractal charac-
teristics of roughness (outputs 7-8 from DRSNOST
program) the correlation map has been created. This
map is shown on the fig. 2.

In the first column of this map are correlations of sub-
jective hand with roughness characteristics. It is clear,
that the correlations are not so high (black is no corre-
lation and white is perfect linear relation). Maximum
correlation is between subjective hand and fractal di-
mensions. There are correlations between some
roughness characteristics as well. The dependence
between subjective hand and initial fractal dimension
Dg,is shown on the fig. 3

It can be said that for these materials the roughness
has a little influence on hand. The deeper analysis of
correlation map and partial relations between rough-
ness characteristics leads to the following conclusions:

Coregtation bag

- o [ad A4 w < b

Fig. 2 Correlation map of characteristics (first variable is SH)

* MAD highly correlates with other roughness char-
acteristics
* MAD correlates with fractal dimensions as well but
some no linearity appears.
Comparison of Dg, calculated from SFV and
Kawabata MAD from SHV is shown on the fig. 4.
Moderate correlation on fig.4 indicates the differ-
ences between these two methods. One reason is the
filtration of some frequencies realized automatically by
the KES device. The comparison of KES roughness
(MAD) and subjective hand SH is shown on the fig. 5.
Very low correlation on fig. 5 points at small impor-
tance of surface roughness for prediction of hand
based on the KES.
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ments. The correlation with KES results is week. The
initial fractal dimension is probably most suitable for
complexity of roughness characterization. The analy-
sis of SFV based on the DRSNOST program is in re-
ality more complex. The more classical roughness
characteristics and topothesy are computed as well
and many other techniques of fractal dimension calcu-
lation are included. In the future the analysis will be
extended to the chaotic models and autoregressive
models. Small correlation of surface roughness with
subjective hand indicates the little importance of this
parameter for protective textile fabric mechanical com-
fort prediction.

This work was supported by the research project LNO0OB090 of
Czech Ministry of Education
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9. CONCLUSION

Proposed accessory for measurement of SFV trace
is very simple and can be used for practical measure-
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DRSNOST POVRCHU OCHRANNEHO ODEVU

Translation of abstract:
SURFACE ROUGHNESS OF PROTECTIVE CLOTHING

Hlavnym cielom dizajnu ochranného odevu je zabezpecenie tepelnej odolnosti. Na druhej strane je tiez nutné
zabezpecCit komfort pri noseni. Délezitym aspektom mechanického komfortu su dotykové viastnosti véitane
drsnosti. Standardné metody merania povrchovej drsnosti st zaloZzené na hodnoteni povrchu profilu. Prikladom
je Kawabatov system vyhodnotenia (KES, kde sa ziska obraz kolisania povrchovych nerovnosti. V tomto
prispevku je popisana jednoduchad technika zaloZzena na postvani kovového listu po textilnom povrchu a
registracii vyzadovaného zatazenia. Kontinualna registracia zatazenia je zaznamenana zariadenim na testovanie
tahu — TIRATEST. Vysledkom merania je stopa povrchovej sily (SFV).

Pre charakterizovanie drsnosti povrchu sa oby€ajne pouziva priemerna absolUtna odchylka MAD (oznagenéa
Kawabatom ako SMD). Spbsob vyhodnotenia subornych povrchovych parametrov z SHV stdp je zaloZzeny na
fraktalnom rozmere vypocitanom z hustoty sily a variogramu (alebo autokorelagnej funkcie). Hlavny ciel tejto
prace je kvantitativne porovnanie réznych charakteristik drsnosti a vztah tychto charakteristik so subjektivnym
dotykom.
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COLOUR DIFFERENCE FORMULA EVALUATION ON LCAM
TEXTILE DATA

Vik M.

Laboratory Colour and Appearance Measurement, Technical University of Liberec Czech Republic, e-mail:
michal.vik@vslib.cz

Colour tolerances are either set in visual terms or, more and more, on basis of measured
values. How should one go about setting tolerances, and what are meaningful colour tolerances?
This subject is of considerable interest to manufacturers of coloured textiles as well as to their
customers. This paper describes most of the factors that must be considered in setting such
tolerances.

The goal of colour difference formulas is to accurately and objectively define a colour difference
so that it agrees with average visual assessments. Statistically, the variation coefficient of the
CIELAB formula is approximately 30%. This means colour differences seen by the average ob-
server as a 1 E unit will be calculated approximately from 0.4—1.6 units with a 95% confidence
limit. Newer formulas are in better agreement with the average observer than the CIELAB. Today
either CMC (2:1), BFD, or CIE2000 would be the better choice. Which one is better? They all are
about equally good. The variation coefficient of these formulas is approximately 20% or about as
good as a single observer’s assessment. Their advantage is based on the fact that they adjust for
a light grey viewing surround that the CIELAB does not. Currently work continues on improving
colour difference formulae, but significant further improvements may not be possible. In this pa-
per, based on the psychophysical method of paired comparison, an experiment for testing the
visual colour difference in relation to colorimetric scales is presented to analyze the relationship
between colour discrimination supra-threshold colour-difference perception and its use in textile

industry. Primary are discussed actual colour-difference formulae DIN99, CIE2000 and MV-1.
Key words: colour difference equation, quality control, visual judgement

INTRODUCTION

Considerable work has been accomplished in terms
of color difference perception comparing single col-
oured patches. In 1942, MacAdam wanted to test the
linearity of errors in the colour matching experiment. He
discovered that differences between to colour are not
linear. The following figure 1 show 25 measure of dif-
ferences of colour made by MacAdam in xy space.
Curves represent ten-time threshold of just noticeable
difference between two colours. This threshold is non-
uniform because curves are elliptic. It means that the
difference depends on the direction of the colour
change.

Just noticeable differences are also non-uniform be-
cause size and orientation of ellipses change from point
to point.

The most widely used colour difference equations in
the last decades are CIELAB and CIELUV colour dif-
ference equations recommended in 1976 by the CIE.
In both CIELAB and CIELUV colour spaces, the colour
difference DE * between two arbitrary colours is defined
as an Euclidian distance in a uniform space compris-
ing a lightness L* axis and red-green, yellow-blue op-
ponent colour axes using rectangular coordinates. The
colour difference in CIELAB colour space are given by
Equations 1:

AE* = (AL *)? + (8" + (Ab*) (1)
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where a* and b* are the redness-greenness and yel-
lowness-blueness scales in CIELAB colour space.
The colour difference formula CIE 76 is in many
cases not adapted to human perception.
Work in area colour differences has concentrated on
collecting reliable data and developing equations that

Fig. 1 MacAdam elipses

Vlidkna a textil 10 (3) 126-129 (2003)



describe the perceived colour — difference results.
Newer equations have been developed on base of the
CIELAB (CIELCH) colour space with application
weighting difference components such as DL*, DC*
and DH*. Weighting functions S, S¢, Sy are computed
from regression analysis used linear (CIE1994) or hy-
perbolic model (CMC (I:c)).

2 . \2 L2
o) (i) L) @
kW, kcWe Kk Wy

During the development of a new colour — difference
formulas (CIE1994, C94CHR and MV-1(i:c})) was con-
siderable discussion about possible hue dependencies,
as exemplified by the CMC' and BFD? equations. The
CMC (I:c) colour — difference formula was a refinement
of the JPC79 equation developed by Dr. McDonald®.
McDonald found that, for brown and purple-blue col-
ours, CIELAB tolerances were over predicted. There-
fore was implemented in CMC equation hue-angle
dependent correction. The BFD colour — difference for-
mula was based on the Luo-Rigg (BFD) dataset. Luo-
Rigg found that green colours were also over predicted.
But Berns studies on RIT-Du Pont dataset* showed
that, this hue dependency is not necessary condition
by development of a new colour — difference formula.

However last statistical analyses of different colour —
difference datasets corroborate an existing hue-angle
depgndent function or derive a new function - Vik® and
Kim®.

The CIE 94 and the CMC formula have offered a
correction of the colour differences (also the other for-
mulas). All these correction formulae have a several
disadvantage that they correct the differences and
therefore violate the vector definition of a colour differ-
ence in a colour space. Example of hue dependency
correction of colour difference calculation is seen on the
MV-1 colour difference formula” 8:

AL*Y (AC*Y (aH*Y AC*AH*
AEyy 4 = + + + 3)
IS, cA, A, A,

_1,358964 +0,016071.L~

S
: 2
Ac? - Sc?.Sh?
cos? (AG3COS)Sh? +sin® (A93C0OS) Sc?
Ah2 SC2 .Sh2

" sin? (A63C0OS)Sh? + cos? (A93COS) Sc2

_ Sc?.Sh?
sin(2463C0OS)| Sh* - S¢” |
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and Sc =0,9304 + 0,058646.C *

Sh=0,7607 +0,017561.C*

A3COS = 4,48 + 8,89 cos(h,, + 66,09) -
~10,22c0s(2h,, -+ 43,18) +
+11,42cos(3h,, - 80,01)

weightings coefficients are for slightly textured surface
(textiles) I=2,c = 1.

Other possibility how make correction of CIELAB
colour space nonuniformity is Rohner and Rich solu-
tion, which was published at the AIC conference 1995
in Berlin®. Based on this recommendation was devel-
oped DIN 99. The new DIN 99 colour difference formula
instead describes a nonlinear transform the colour co-
ordinates of the CIELAB colour space'®:

AEpinge = \/ (ALgg )2 +(Aagg )2 + (Abgg )2 (4)

where Lgg agg bgg are DIN 99 colour coordinates. Start-
ing point is the calculation of the CIELAB coordinates
L* a*, b*:

In(1+0,0158.L*)

e

DIN 99 Lightness: Lgg =105,51.

Temporary variable for redness:
e=a*cos(16°)+b*sin(16°)
Temporary variable for yellowness:
f= o,7.[a *sin(16°) + b *.cos(1 6“)]

Temporary variable for chroma: G = ve? + f2
Temporary variable for hue angle (in radian):
€

hy = arctan(ij
e

DIN 99 hue angle:
DIN 99 chroma:

hge= hes 180/n
Cgg= [In(1+0.045G)]/(0.045 K¢y k)
DIN 99 redness: agg= Cgg COS(h¢)
DIN 99 yellowness: bgg= Cgg sin(hg)
Parameters k¢ and k. are obviously (k¢ k.) = (2:0,5)

EXPERIMENT

in Laboratory Colour and Appearance Measurement
(LCAM DTM TF TU Liberec) was prepared dataset in
dark blue region of colour space. Each colour-differ-
ence pair was prepared from 5.5 x 4.0 cm? cut rectan-
gular samples attached to stiff cardboard side-to-side
with a hairline separation between them. The sample
pairs were measured with a Datacolor Spectraflash
SF300UV spectrophotometer in specular component
excluded (SPEX) and UV included modes. In each pair
CIELAB co-ordinates of samples and the colour-differ-
ence were calculated for the llluminant D65 and the 10°
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Fig. 1 LCAM colour difference data set — dark blue

Observer. Instrumental measurements were repeated
3 times throughout the visual tests period. The error
(standard deviation) in measured colour-difference
value was 0.17 DE* unit.

Observations were performed in a Grettag Macbeth
Judge Il Controlled Lighting Cabinet with approximate
0/45 illuminating/viewing geometry. The simulated fluo-
rescent daylight had a correlated colour temperature of
6500°K, and the lightness (L*) of cabinet’s background
(bottom) was Munsell N7 colour. Twenty-two colour
normal observers assessed each test colour-difference
pair against the grey scale, which was produced follow-
ing ISO 105-A02, fastness testing for assessing
change in colour. The observational task was pick the
grey-scale pair thought to be closest in magnitude to
the test pair, then to answer a grey-scale grade (GS)
up to 1 decimal point, e.g., (5). An equation relating
GS to corresponding visual difference (DV) was:

AV = —0.557 + 26.59¢ 51527 (5)

The visual experiment was conducted in a darkened
room. Each observer repeated the experiment five
times. Distribution of colour samples in CIELAB colour
space is shown in fig. 1.

Q3
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Fig. 2 Different formulas fitting of LCAM dark blue colour centre
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Fig. 4 DIN99 DE/DV comparison

RESULTS

Testing of six different colour-difference equations —
CIELAB, DIN9S, CIE1994, MV-1(l:c), CIE2000 and
CMC(l:c) on LCAM datasets give a better results for
equations with hue dependency of Sh scaling factor.
The DE values from colour-difference formulas were
calculated using L*a*b* values for batch and standard
published by Luo and Rigg'", Berns'? and Vik. All equa-
tions mentioned above was entered to Microsoft Excel.
It is possible change all entering parameters. These
calculated DE was compared with DV values.

dEMV-1(2:1)
3 3
25 o g0 -0
ooC‘\@ °
2 e
2 3 4

Fig. 5 MV-1(2:1) DE/DV comparison
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_ ) affecting the optimal weighting function for lightness

Comparison of equation’s performance - differences, etc. Discrepancy against equations with
Pi (lesser value - better perfonmance) . : - .

and without hue-angle correction is relatively low, there-

fore next developing of a new colour — difference for-

92, : e ;
mula must be directed on this point of colour science.
%0 Ideally, the model form should have some physiologi-
cal basis.
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HODNOTENIE FAREBNEJ DIFERENCIE TEXTILIE NA LCAM
TEXTILIE NA LCAM

Translation of abstract:
COLOUR DIFFERENCE FORMULA EVALUATION ON LCAM TEXTILE DATA

Farebné odchylky dolezité pre vyrobcov i zdkaznikov su popisané optickymi (zrakovymi) udajmi, alebo stale
viac a viac nameranymi hodnotami. Tento prispevok popisuje faktory, ktoré musia byt uvazované pri popise tychto
odchyliek.

Cielom vztahov pre farebné odchylky je presne a objektivne definovat farebnu odchylku tak, aby suhlasila
s priemernym zrakovym hodnotenim. Varia¢ny koeficient CIELAB vztahu je priblizne 30%. Znamena to, ze
farebné odchylky stanovené priemernym pozorovatelom ako 1” E jednotky budu vypocitaneé priblizne z 0.4-1.6
jednotiek s 95% hrani¢nou zhodou. Nové vztahy — CMC (2:1), BFD alebo CIE2000 su v lepSej zhode
s priemernym pozorovatelom ako CIELAB vztah. VSetky su priblizne rovnako dobré a variacny koeficient je
priblizne 20%, alebo asi tak dobré ako hodnotenie jedného pozorovatela. Ich vyhoda je v tom, ze nastavuju pre
svetlo Sedé pozadie. V tomto prispevku zalozenom na psychofyzikalnej metéde parového pozorovania experi-
ment pre testovanie vidite/nej farebnej odchylky vo vztahu ku koloristickej stupnici analyzuje vztah medzi
farebnym rozli§enim vnimania farebnej odchylky a jej pouZzitia v textilnom priemysle. Prednostne su diskutované
farebné odchylky aktualnych rovnic DIN 99, CIE 2000 MV-1.
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Z VEDECKOVYSKUMNYCH A VYVOJOVYCH PRACOVISK

POLYPROPYLENOVE KOMPOZITY
Cast 1.

Mlynarcikova Z., Borsig E.,

Fakulta chemickej a potravinarskej technoldgie, Slovenska technicka univerzita v Bratislave, Radlinského 9, 812 37
Bratislava, e-mail: zita_mlynarcikova @ hotmail.com

Priprava polymerovych kompozitnych materidlov pat-
ri medzi zaujimave a velmi U¢inné metddy, ktorymi sa
daju modifikovat rézne fyzikalne a najma Uzitkové
vlastnosti polymeérov. Hoci tato metdda modifikacie pat-
ri k najstar$im, nové pristupy a zlepsenia, najma vo
vztahu interakcii polymér—plnivo, umozfiuju pripravu
polymérovych systémov resp. materidlov s narocnymi
vlastnostami.

Medzi polymérové kompozity zahriiujeme vsetky po-
lymerové systémy, v ktorych primes rézneho povodu
(organického alebo anorganického), v roznej forme
(Casticového, rézneho tvaru alebo vlaknitého) su dis-
pergované v polyméri. Tym je vyjadrend aj zékladna
charakteristika polymérovych kompozitov, Ze su to dis-
perzné systémy, ktoré oby&ajne pozostavaju najmene;
z dvoch faz priom kontinualnu fazu tvori polymér a dis-
pergovanu fazu aditivum—plnivo.

Ako plniva sa pouzivaju latky rézneho povodu a preto
ich delime na organickée (Casto polyméry, prirodné ale-
bo synteticke) a anorganické plniva. Tieto sa pridava-
ju do polyméru vo forme malych &astic rozneho tvaru.
Pri hrubom deleni ich mdzeme rozdelit podla tvaru na
Castice charakteristické pre praskové latky a vidknité
plniva. Praskove Castice su oby&ajne nepravideiného
tvaru, ziskavame ich zvy€ajne mletim réznych druhov
anorganického alebo organického materidlu. Castice
vlaknitého tvaru sa mézu ziskat izolaciou z réznych
druhov prirodného materialu (napr. z dreva) alebo sa
ziskavaju technicky (napr. skienené vlakna).

Polymérove kompozity s polypropylénovou matricou
sa stavaju v obdobi poslednej dekady predmetom zvy-
$eného zaujmu a to najma z troch dévodov: polypropy-
len (PP} je ekonomicky vyhodny, ma relativne dobré
zakladneé mechanické vlastnosti a je ekologicky prija-
telny nielen z hladiska jeho vyroby ale aj z hladiska re-
cyklacie. Doterajsie vysledky ziskané pri priprave PP
kompozitov ukazali, ze sa daju dosiahnut ziep$enia
pevnosti v tahu, zvysit tuhost, modul elasticity, tvrdost
ale aj zvysit elasticitu taveniny. Na druhej strane pini-
vo znizuje predlzenie pri namahani v tahu, razovu pev-
nost a index tavenia {1, 2].

V tomto stru¢nom prehlade zhriujeme vybrané vy-
sledky dosiahnute pri priprave a charakterizovani PP
kompozitov, zverejnené najma v poslednej dekade.
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Udaje sme rozdelili podia typu plniva na PP kompo-
zity plnené organickym a zvlast anorganickym pinivom.

1 Polypropylénové kompozity pinené
anorganickym pinivom

Tento druh kompozitov mézeme este rozdelit podla
tvaru plniva na PP kompozity s vlaknitym a ¢asticovym
anorganickym plnivom.

1.1 Polypropylénové kompozity pinené viakni-
tym anorganickym plnivom

Na pripravu kompozitu s PP matricou sa mézu pouzit
ako plnivo kratke keramicke vlakna (30hm%), ktoré
spevnuju vzniknuty kompozit. Spevnujlci ucinok kera-
mickych vlakien je znaéne ovplyvneny predchadzaju-
cim spdsobom spracovania a homogenizéciou kompo-
zitu. Lomova pevnost PP kompozitnych vidkien sa da
zvysit ucinkom benzoylperoxidu [3].

Pri vyrobe taminatovych trubiek sa objavila nova
technolégia. Na Technickej univerzite v Darmstadte bol
vyvinuty novy spOsob vyroby kompozitnych rur s ter-
moplastickou matricou. Princip je vtom, Ze termoplas-
ticka rura sa ovinie vystuzenymi vidknami pod vhodnym
uhlom, potom sa celok viozi do Specialnej odstredivky,
kde sa termoplastické jadro roztavi a odstredivou silou
sa vpravi tavenina do navinutej kostry. Vysledny vyro-
bok méze obsahovat 50-60% sklenenych vidkien. Ten-
to postup sa overil s PP a s PA, pricom okrem sklene-
nych viakien sa pouzili aj uhlikové vlakna. Tato
technoldgia je v priprave na vyuzitie v priemyselnom
meradle [4].

Vzorky PP kompozitu obsahujice matované sklene-
né vlakna ako plnivo, boli pripravené naskladanim
vrstiev kompozitu s réznym obsahom skleneného viak-
na v polypropylénovej matrici (10, 15, 20, 25, 30%)
a naslednym zlisovanim. Tymto spdsobom sa pripra-
vili vzorky kompozitu, u ktorych v prvom pripade vrch-
na vrstva mala najvyssi obsah vlakien (30%), v druhom
pripade vrchna vrstva obsahovala najmenej viakien
(10%) a tretia vzorka kompozitu sa pripravila s rovnakou
distribuciou vidkna v celom objeme vzorky (20%), obr. 1.

Vidkna a textil 10 (3) 130-137 (2003)
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Obr. 1 Schématické znazornenie vzoriek pripravenych z vrstiev kom-
pozitu PP/rézny obsah sklenenenych vidkien: (A) vzorka kom-
pozitu s maximalnym obsahom vlakien vo vrchnej vrstve; (B)
vzorka kompozitu s minimalnym obsahom vidkien vo vrchnej
vrstve; (C) vzorka izotropného kompozitu. Prevzaté so sthla-
som vydavatelstva Elsevier [5]

Skuskami ohybnosti a razovej pevnosti sa zistoval
efekt distribucie vidkien v kompozitoch pri réznom za-
tazeni, ¢o priamo suvisi s mechanickymi viastnostami
kompozitov. U vzorky kompozitu s vysokym obsahom
sklenenych vidkien vo vrchnej vrstve sa pri merani pev-
nosti v ohybe a rdzovej pevnosti zistili vy$Sie hodnoty
v porovnani so vzorkou izotropného kompozitu aj so
vzorkou s nizkym obsahom sklenenych viakien vo
vrchnej vrstve [5].

FACTOR, je komercny typ polypropylenového dlhov-
laknitého sklokomopozitu s obsahom 10 az 60% skle-
nenych viakien o dizke 10-25 mm. DIhé vidkna zvySuju
tuhost a pevnost kompozitu do tej miery, ze mdze nah-
radit napriklad kratkovlaknité polyamidove kompozity,
pritom vyhodou PP oproti PA je, ze PP nie je treba pred
spracovanim predsusovat a kompozit po spracovani
kondicionovat. Kompozit sa spracovava vSetkymi tav-
nymi technolégiami. Tuhost a pevnost tohto kompozi-
tu umoznuje nahradit aj komplikované hlinikove odliat-
ky. VyuZiva sa aj na motoroveé kryty a batozinové Casti
aut, pristrojové dosky, kryty elekirickych nastrojov, na-
bytkové dielce a pod. [6].

Pokrok sa tiez oCakava od nahrady skienenych via-
kien vlaknami polymeérovymi, pricom hlavnymi prinos-
mi by malo byt znizenie hmotnosti vyrobku, bezprob-
lémova recyklacia atiez obmedzenie Kkorozivity
zariadenia pri spracovavani, s &im tiez suvisi i znizenie
nakladov na spracovatelské zariadenie. Nutnym pred-
pokladom pre stuzovanie termoplastov polymeérovymi
vlaknami je zachovanie pdvodnej pevnosti viakien po-
¢as vyroby. Tym sa znacéne prekonaju pevnostné vlast-
nosti matricovych polymérov. Z hiadiska materialovych,
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Obr. 2 Morfoloégia modelu jednoduchého viaknitého i-PP kompozitu
po trojdiovej izotermickej krystalizacii pri 145 °C. Prevzaté so
sthlasom vydavatelstva Elsevier [8]

ekonomickych, i spracovatelskych aspektov su naj-
vhodnej$ie polyetylény, PP a kopolyméry EVA pre ta-
kéto stuzovanie ako matricove polyméry [7].

Medzi takéto kompozity mézeme zaradit kompozity
pozostavajuce z PP matrice a z PP vysokomodulovych
vlakien (okolo 12 GPa) ziskané zvlakfiovanim z tave-
niny s pevnostou 730 MPa. Z nich sa pripravil jedno-
duchy vlaknity kompozit vzajomnym prestupenim vyso-
komodulovych vlakien i-PP polymérovou taveninou
v tenkom filme, priCom matrica pozostavala z rovnake-
ho druhu polypropylénu. Obr. 2 ndm ukazuje morfolo-
giu modelu jednoduchého vlaknitého i-PP kompozitu,
ktory izotermicky krystalizoval tri dni, pri teplote 145°C.
Vo vzorke mdzeme vidiet tri rézne oblasti: i-PP viakno
CiastoCne prestupené v transkrystalickej vrstve, ktora
obsahuje lamelarne kryStaly rastice kolmo K osi viak-
na, a ktora je obklopena matricou i-PP obsahujucej sfé-
rolitickd Strukturu. Na velkost sférolitov v matrici a na
Sirku transkrystalickej vrstvy vplyva teplota. Krystaliza-
cia i-PP matrice pri mierom podchladeni viditeine for-
muje sféroliticku Struktiru v i-PP matrici.

Prestipenie vysokomoduloveho polyméroveho viak-
na termoplastickou matricou zvySuje mechanické viast-
nosti tohto kompozitu. Specificky modul a pevnost vy-
soko dizenych vidkien i-PP, ktoré sU prestipené
v matrici i-PP, mdzu velmi dobre konkurovat so Stan-
dardnymi drunmi sklenenych vlakien vypiriajuce polyp-
ropylén, a okrem toho su vyhodné aj z hladiska envi-
ronmentalneho [8].

1.2 Polypropylénové kompozity pinené Castico-
vym plnivom

NajcastejSie sa na pripravu Casticovych PP kompo-
zitov pouzivaju plniva CaCO, a mastenec, ktoré je
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Obr. 3 Kryogénne lomové a leptané povrchy trojzlozkovych PP/EOR/CaCQ, kompozitov; a — 60/10/30; b — 60/20/20; ¢ — 60/30/10 (RC1
kompozit;); d - 60/30/10 (RC, kompozit). Prevzaté so sihlasom vydavatelstva Elsevier [12]

mozné dopovat v mnozstve az okolo 70 hm% [9]. Ca-
CO; méa vacsinou Castice s izotropnou Strukturou
a s malym nukleacnym efektom, zatial' 8o mastenec ma
vrstevnatu (dostickovitl) Strukturu a vytvara krystali-
zaCné zarodky pri krystalizacii PP [10].

Hodnotenim krutiaceho momentu PP s obsahom
mastenca (PP/A) a s obsahom CaCO; (PP/B) sa cha-
rakterizovala viskdzna povaha taveniny. Zistilo sa, ze
nizky obsah plniva spésobuje zniZenie torznych hod-
nét vo vztahu k PP, ¢o m6ze suvisiet s faktom, ze niz-
ky obsah piniva spésobuje dobru dispergaciu v PP
matrici, Co sa prejavi v lepSej medzifazovej interakcii
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medzi PP a plnivom. Vysoky obsah piniva (15 hm%)
naopak zvySuje torzne hodnoty kompozitov vo vztahu
k samotnému PP. Tento vysiedok sa da vysvetlit na-
chylnostou piniva k tvorbe aglomeratov, o potom ve-
die k nizkej medzifazovej interakcii medzi PP a plni-
vom. Pri zmesiach PP/A a PP/B sa pozorovali velmi
blizke hodnoty krutiaceho momentu analyzovanych
vzoriek ked' sa porovnavali vzorky s réznym obsahom
alebo réznou velkostou Eastic plniva (3,0-6,0 um) [11].

Predmetom zaujmu sa stali aj trojzlozkové polymé-
rove kompozity, obsahujuce makky elastomér a tuhé
plnivo, s cielom dosiahnut optimaine vyvazenie razo-

Vidgkna a textil 10 (3) 130~137 (2003)
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Obr. 4 Kryogenné lomové a leptané povrchy trojzlozkovych PP/EVA/CaCO; kompozitov; a — 60/10/30; b — 60/20/20; ¢ - 60/30/10 (VC1
kompozit;); a d — 60/30/10 (VC, kompozit). Prevzaté so sthlasom vydavatelstva Eisevier [12]

vej pevnosti a tuhosti. V trojzlozkovych systémoch sa
doteraz pouzili ako plniva mastenec (MgSiO,4.H,0),
CaCQ; a kaolin. Najbeznejsie pouzivanymi elastomér-
mi st kopolymér etylén—propylén (EPR) a terpolymér
etylén—propylén dién (EPDM). Mechanicke vlastnosti
takychto kompozitov su ovplyviiované nielen ich zlo-
zenim a charakteristikou zloziek, ale aj fazovou morfo-
l6giou a spésobom dispergacie aditivnych komponen-
tov. V trojzlozkovych kompozitoch sa formuju dva typy
fazovej Struktury: oddelena disperzia, kde elastomer
a Castice plniva su dispergované oddelene v polyme-
rovej matrici; alebo enkapsulécia, kde elastomér za-
puzdrovava Castice plniva [12].

Vldkna a textil 10 (3) 130-137 (2003)

Enkapsulacia je termodynamicky vyhodnejsi proces,
pricom koneéna Struktira kompozitu je uréena adhe-
ziou medzi fazami a stabilitou enkapsulovanych jedno-
tiek proti Smykovym silam v tavenine pocCas procesu ta-
venia. Takato fazova Struktura trojzlozkovych kompozitov
je ovplyvhovana reologiou tavenia v systéme, technikou
zmie$avania, povrchovymi charakteristikami a vzajom-
nou zmacavostou plniva a polymérovych zloziek.
V kompozite PP/EPDM/CaCO; povrchoveé opracovanie
plniva CaCO, spdsobilo oddelenie disperznych faz pini-
va a elastomeéru (enkapsulacia nenastala), zatial ¢o pri
pouziti neopracovaneho CaCO; sa dosiahla enkapsu-
lacia. ZlepSenie adhézie medzi polymérom a Castica-
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Obr. 5 Snimacia elektronova mikrografia lomového povrchu kompozitov: a, b - PP-30%CeVS; ¢, d - PP-30% CeVM (v oboch pripadoch 7
hm% PP-MA). Prevzaté so suhlasom vydavatelstva Elsevier [21].

mi plniva sa da uskutoc¢nit funkcionalizéciou polyméro-
vych faz. V systéme PP/EPR/plnivo sa ukazalo, ze vcle-
nenie PP funkcionalizovaného malein—anhydridom
spdsobilo oddelenie elastomeéru od plniva, ale pouZitie
maleinovaneho EPR a nefunkcionalizovaného PP dalo
uz enkapsulaénu Struktaru plniva.

Na formovanie fazovej Struktiry PP kompozitov ma
tiez velky vplyv aj polarita elastomeéru. V takychto troj-
zlozkovych kompozitoch rozdiel vo formovani fazovej
mikrostruktury zavisi od toho, aky typ elastoméru sa po-
uzije ¢i EOR alebo EVA.

PrimieSanie etylén—oktenového nepolarneho kopoly-
meéru (EOR) do kompozitu spdsobilo oddelenie disper-
zie, elastoméru a €astic plniva t.j., ze EOR a plnivo boli
dispergované samostatne. Pouzitim polarneho elasto-
meru etyléen—-vinylacetatu (EVA) kompozit preukazal
enkapsulaénu Struktaru plniva, ¢o sa pripisalo vysokej
afinite EVA k CaCO3. Pritomnost plniva v elastomérnej
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faze PP/EVA/CaCO; systému, v ktorej sa spozorova-
lo zniZenie nukleacnej Uginnosti piniva na PP bola pot-
vrdena aj DSC analyzou [12].

Obr. 3 ukazuje mikrostrukturu PP/EOR/CaCO,; kom-
pozitov, kde EOR a CaCQ; Castice su v PP matrici
rozdispergované oddelene. Zvysenim obsahu EOR
v kompozite a znizenim obsahu plniva sa nezmenila
Struktura, ale zvysila sa hustota dispergovanych kva-
pdciek EOR v PP matrici (obr. 3a, 3b). Zmenou poradia
mieSania PP, EOR a CaCQO; sa nepodarilo ziskat en-
kapsulacnu Strukturu. V systeme, kde EOR sa najskor
zmie$al s CaCO; (RC2 kompozit) sa tiez spozorovala
v matrici PP oddelena disperzia EOR a CaCO; (obr.
3d). Na tomto obrazku vSak vidiet, ze niektoré Castice
plniva v kompozite su Ciastocne zmacané EOR. EOR
kvap6¢ky v tomto kompozite su vacésie v porovnani
s kompozitom, kde plnivo sa najskér zmieSalo s PP
(RC1 kompozit, obr. 3c).

Vidkna a textil 10 (3) 130-137 (2003)



Opacnu morfolégiu mdézeme vidiet na obr. 4 pri PP/
EVA/CaCO; kompozite, kde je jasne vidiet zapuzdrenie
¢astic plniva polarnym elastomérom EVA. Zdanlivo
prazdny priestor okolo ¢astic plniva na obr. 4 zna-
zorriuje elastomér. Zistilo sa, Ze polarny elastomér EVA
pri 10% obsahu je vaéSinou cely v medzifazovej oblasti
(obr. 4a) a nepozorovali sa izolovaneé kvap6cky EVA.
Ani pri tychto kompozitoch Struktira nezavisi od pora-
dia zmiesania jednotlivych zloziek. Konecna Struktira
pripomina enkapsulovany kompozit bez ohladu na to,
¢i plnivo bolo najskér zmieSané s PP (VC1 kompozit,
obr. 4c) alebo s EVA (VC2 kompozit, obr. 4d).

Z toho vyplyva, ze fazova Struktura trojzlozkovych
kompozitov sa nemdze zmenit z oddelenej disperzie
na plnu enkapsulaciu zmenou poradia v ktorom sa
jednotlivé zlozky mieSaju. MieSanie plniva s elasto-
mérom pred zmieSanim s PP vSak zvy3Suje naklonnost
elastomeérnych Castic prilnut k povrchu piniva [12].

2 Polypropylénové kompozity
plnené organickym plnivom

Diskusia o recyklaénych moznostiach a ekologickej
vyuZzitelnosti sklom stuzenych plastov, najmé vo forme
vlakien, viedli k navrhom ich nahradenia prirodnymi
vlaknami. Prirodné vlakna maju niekolko vyhod v po-
rovnani so skienenymi vlaknami: nizku cenu, hmotnost
a fahku dostupnost. Pri tejto prilezitosti treba podotknut,
Ze vacsina doteraz pouzivanych organickych plniv sa
zakladd na viaknitych prirodnych materialoch.

Porovnavali sa mechanické vlastnosti prirodnych
vlakien kenafu a lanu, a tiez sa sledovali mechanické
vlastnosti z nich pripravenych kompozitov [13]. Ako
matrica sa pouzil polypropylén. Priemerna jemnost
vlakien bola priblizne rovnaka, pre l'an (5.20£2.35 tex)
a pre kenaf (5,11+1,98 tex), a tak sa oba typy mohli
navzajom porovnat. Zistilo sa, ze samotné kenafové
vidkna prejavuju v priemere nizSiu pevnost v tahu ako
lanové vldkna, ale zaroven sa ukazalo, ze kompozit
kenaf/PP ma vyssiu pevnost v tahu ako kompozit lan/PP.

O celuldzove vidkna sa v poslednom obdobi stupa
zAujem, pretoze umozniuju ziskat kompozity s lepSimi
mechanickymi vlastnostami v porovnani s nevlaknitymi
plnivami [14-16]. Vlastnosti vlakien vyplhujice kom-
pozit zavisia od faktorov, ako je adhézia medzi vidknom
a matricou, objemové zastupenie vlakien, hrubka
vlakien, orientacia vlakien, ale tiez od prenosu napétia
cez medzifazu [17-19].

Vlakno sisal je lignocelulozovy material extrahovany
z rastliny Agave Sisalana, ktora rastie v juznej Casti Indie.
V tabulke 1 sa uvadzaju niektoré jeho vlastnosti [20].

Kompozity s polypropylénovou matricou obsahujtce
sisalové vlakna sa pripravili metodou mieSania v roz-
toku a metodou mieSania v tavenine, pricom sa sledo-
val vplyv procesu pripravy na mechanicke viastnosti
kompozitov.

Vidkna a textil 10 (3) 130-137 (2003)

Tabulka 1 Vlastnosti sisalovych viakien

Priemer Obsah Obsah Pevnost  Elongacia
viakna ligninu celulozy v tahu max.
[um] (%] [%] [MPa] [%]
100-300 4-5 85-88 400-700 5-14

Sledovanim torzného momentu pocas mieSania sa
zistilo, Ze torzny moment stipa umerne s obsahom
sisalovych vladkien v PP matrici v rozmedzi od 5 do
30%, ¢o spdsobuje rast viskozity zmesi so zvySujucim
sa obsahom vidkna. Délezity je aj vplyv teploty, ktory
sa sleduje pri 50 otaCkach za minutu, a Case mieSania
10 mindt. Pevnost v fahu kompozitov narastala s
teplotou do 170 °C a potom zacala klesat. Pokles
pevnosti v tahu nad touto teplotou je spdsobeny ter-
mickou degradaciou vlakien, aviak pri nizkej teplote,
pod 170 °C, vysoké Smykoveé napétie a viskozita pocas
miesania, zapricinuju defekty vo viaknach a spésobuiju
nizSie pevnosti kompozitu .

Nahodne orientovane kompozity PP/sisal pripravo-
vane mieSanim v roztoku maju maximalne znizenie
pevnosti do 10% obsahu vldkna. Nizky obsah sisalo-
vych vldkien v polypropylénovej matrici a taktiez aj
zbytky rozpustadla m6zu mat za nasledok vytvorenie
dutiniek v matrici, ktoré spdsobuju znizenie pevnosti
v tahu. TieZ pri takomto nizkom obsahu vlakien nedo-
chadza k dostatoénej adhézii matrice k viaknam pdso-
benim slabych Smykovych sil. So zvySujucim sa obsa-
hom vlakna pevnost v tahu rastie [20].

ZvySenie pevnosti v tahu u kompozitov pripravenych
z taveniny oproti kompozitom pripravenych z roztoku
moze byt spdsobena lepSou disperziou vidkna v matrici
pri priprave kompozitov. Je v§ak tiez zrejmé, Ze v pri-
pade kompozitov ziskanych mieSanim v tavenine,
hlavny podiel tvoria vlidkna s dizkou do 2mm. V kompo-
zitoch pinenych kratkym viaknom existuje kriticka dizka
vlakna, ktora je potrebna pre viakno k rozvinutiu pinych
napatovych podmienok v matrici. Ked'je viakno kratSie
ako kriticka dizka, vlakno nema dostatoénu vazbu
s matricou a kompozit sa porusi uz pri nizkom zatazeni.
V pripade kompozitov pripravenych z roztoku sa pev-
nost v tahu zvySuje so zvySujucou sa dizkou vlakna.
Optimalna dizka je do 10 mm, dlhSie viakna uz spdso-
buju problémy pri extruzii (vytlacovani) kompozitu.

Kompozity obsahujlce pozdizne orientované viakna
vykazuju lepSie mechanické vliastnosti ako prieéne
a nahodne orientované kompozity. Porovnanim kom-
pozitov pripravenych mie$anim v tavenine a kom-
pozitov pripravenych v roztoku, lepSie vlastnosti pre-
ukazali kompozity mieSané v tavenine, o mbézeme
vidiet aj z tabulky 2, v ktorej sa uvadzaju zakladné
mechanické vlastnosti.

Porovnavali sa aj tazné vlastnosti kompozitov pine-
nych sisalovymi vlaknami ale s réznou matricou. Ako
matrica sa pouzil polypropylén, nizkohustotny poly-
etylén a polystyrén. Kompozity sa pripravili miesanim

135



Tabulka 2 Mechanické vlastnosti nahodne orientovanych PP kompozitov, pripravenych mie$anim v tavenine a v roztoku.

MieSanie v roztoku

Miesanie v tavenine

Obsah vigkna? Pevnost v tahu Pevnost v tahu Obsah vlakna® Pevnost v fahu Elongéacia

(%] [MPa] (%] (%] [MPa] [%]

0 35 15,0 0 35 10,38

10 29 (36)° 8 (7,82) 5 28,7 8,22

20 31,14 (39,1) 7,34 (7,11) 10 35,6 9,11

30 33,84 (44,4) 9,5 (8,33) 20 36,5 8,33

30 37 8,33

40 38,7 8,56

aDizka vlakna 6 mm, 50 ot/min, teplota 170°C. ®Hodnoty koredponduju s pozdizne orientovanymi kompozitmi.

Tabulka 3 Porovnanie mechanickych vlastnosti pozdizne a na-
hodne orientovanych kompozitov pripravenych mie-
Sanim PP, PS resp. LDPE s vldaknom sisal (diika
vldkna je 6 mm) v tavenine.

Obsah vldkna Pevnost v tahu Elongacia max

[hm®%) [MPa] [%)
L R L R

0 PP 35 35 15 15
PS 34,9 349 9 9

PE 9,2 9,2 200 200
10 PP 36 29 7,82 8
PS 21,3 18,16 9 7

PE 15,61 10,8 4 27

20 PP 39,1 31,14 7,11 7,33
PS 432 25,98 8 6

PE 21,66 12,5 3 10

30 PP 44.4 33,84 8,33 8,5
PS 4506 20,42 7 4
PE 31,12 14,7 2 7

L = pozdizne orientované; R = nahodne orientované kompozity

v roztoku a ako pinivo sa pouzili viakna o dizke 6 mm.
Z tabulky 3 je zrejme, ze PP/sisal aj sisal/LDPE kom-
pozity maju vy$Sie hodnoty pevnosti v tahu so zvysu-
jucim sa percentualnym obsahom viakna (od 0 — 30%),
zatial' ¢o hodnoty u sisal/ polystyrénového kompozitu
sa menia nepravidelne [201.

Termické, morfologické a dynamicko-mechanické
vlastnosti celulézovych kompozitov sa pozorovali
v praci [21], priéom tu sa pouzili dva typy celuldzovych
vldkien (CeV): celulézova priadza z nasekanych vla-
kien a nasledne spradenych (CeVS), a drevné celulo-
zové mikrovldkna (CeVM). Ako kompatibilizator sa
pouzil maleinovany polypropylén PP-MA (7 hm%).

Viskoelastické chovanie PP podstatne ovplyviuje
pritomnost CeV priadze. ZvySenie modulu a znizenie
hodnét vihkosti sa pozorovalo so zvySenym obsahom
vlakna, ktoré ma stuzujuci efekt a zabezpetuje medzi-
fazovu adhéziu medzi viaknom a matricou. Tieto viast-
nosti sa ovplyvnili viac s CeVS ako CeVM pinivom.

Morfologické pozorovania potvrdili zlepSenie medzi-
fazovej adhézie medzi viaknom a matricou ako vidiet
na SEM-snimku s lomovym povrchom (obr. 5) kompo-
zitov PP+30% CeVS (obr. 5a, 5b) a PP+30% plniva
drevnej celuldzy (obr. 5¢, 5d). Tieto snimky preukazuju
dobru dispergaciu plniva v matrici, efektivitu zmacania

136

vidkien matricou a siind medzifazovu adhéziu medzi
komponentmi. V pritomnosti PP-MA sa nespozorovala
Ziadna aglomeracia Castic. V PP/CeVS kompozite su
celé vlakna pokryté vrstvami matrice ¢o prispieva k
dobrej taznosti vlakien. Aj u vzoriek PP/CeVM mdzeme
vidiet matricu prilnutt k povrchu piniva. Tieto pozoro-
vania predpokladaju, ze kompatibilizator PP-MA je
kovalentnou vazbou spojeny s PP matricou a CeVS
[21].

Drevo vstupuje tiez do plastovych kompozitov. Kom-
pozit, obsahujuci vacSie mnozstvo drevného prachu
(pinivo) ma dreveny vzhlad. Plast v iom pdsobi ako
pojivo. Kompozit je potom mozné spracovat rovnakymi
postupmi ako samotné drevo, moze byt rezany, vitany,
a upravovany rovnakymi postupmi aj nastrojmi ako
drevo. Tiez ho mbdzeme farbit, brusit a lakovat na
dosiahnutie rovnakych efektov ako u prirodného dreva.
Sucasné pouzitie tychto kompozitov je okrem oken-
nych a drevenych rdmov aj pouzitie na dlazky a ploty.
Vacésina produktov bola vyrobend tzv. systémom
,Strandex”, vhodnym pre kompozity s obsahom drev-
nej zlozky do 70%, zahfna predsu$enie drevnej zlozky
pre znizenie obsahu vihkosti pod 2%. Potom sa drevny
prasok zmieSa s praskovym PP a spolu sa pridavaju do
dvojzavitovkového vytlatného zariadenia. Tymto
postupom sa v sucasnosti vyrabaju tieto kompozity asi
na 100 vytlacovacich systémoch [22].

V praci [23] sa skumal vplyv plniva na reologické
vlastnosti kompozitnych materialov PP/Mg(OH), a PP/
drevna mucka s vy$Sim obsahom piniva. Zistilo sa, ze
reologické vlastnosti velmi zavisia od tvaru Castic
plniva, od distribtcie velkosti a tiez od povrchovej
Upravy plniva. Vysoky obsah Mg(OH), je pozadovany
v PP (>60 hm %), ak vysledny kompozit ma byt pouzity
ako retardant horenia. Zistilo sa, ze je velmi tazke
zmesovat vysoky obsah plniva Mg(OH), s PP, najma
ak ma pinivo prevladajucu unimodalnu distribuciu
velkosti Castic. Spracovatelnost Mg(OH),/PP kompo-
zitu bola zlep§ena pouzitim piniva, ktoré pozostavalo
zo sférickych Castic s binodalnou distribuciou velkosti.

PP kompozit pineny drevnou muckou vykazuje typic-
ky pseudoplasticky tok, ktory spolu s viskozitou tave-
niny velmi zavisi od obsahu plniva a interakcii medzi
drevnym vidknom-viaknom; a drevnym viaknom—poly-
mérom. Ako u Mg(OH),/PP kompozitu aj pri pouziti
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drevného piniva, kde Castice tiez prejavili binodalnu
distribuciu velkosti Castic, je mozné znizit viskozitu
tavenia a zvySit spracovatelnost kampozitov.

Reologické chovanie kompozitov s reaktivitou na
fazovom rozhrani sa moze zlepsit, ak polymérnu matri-
cu zmieSame s komponentom, ktory je schopny pod-
robit sa izotropnym zmenam. Méze to byt napr. kva-
palnokrystalicky polymér. Zlep3enie procesu tavenia je
mozné aj znizenim teploty pod hornu hranicu teploty
pre drevovlaknity kompozit (T = 220 °C) [23].
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1. UVOD

Priprava a nasledna aplikacia novych typov polymér-
nych materialov zaloZzenych na baze polymérov pine-
nych Casticami, ktorych aspori jeden rozmer je v nano-
metrickej oblasti, predpoklada i poznanie $truktury
a vlastnosti tychto materidlov. Nanokompozity tvorené
z polyméru a nanocastic plniva su nové materialy, kto-
rych vlastnosti st derivované unikatnou fazovou morfo-
[6giou a zlepSenymi medzifazovymi viastnostami disper-
govanej fazy amatrice. Zhladiska morfoldgie
a mikroStruktiry nanorozmerov nanokompozitov je moz-
ne plnené nanokompozity rozdelit do dvoch skupin in-
terkalovane a exfoliované. Interkalované nanokompozi-
ty vznikaju, ked' do Struktury piniva je zabudovanych malo
polymérnych retazcov, vysledkom &oho je zva&senie
medzivrstvovej vzdialenosti. Exfoliované nanokompozi-
ty sa tvoria, ked'silikatové vrstvy su individualne rozdis-
pergované v polymeérnej matrici, v ktorej priemerna vzdia-
lenost medzi oddelenymi vrstvami zavisi od mnozstva
plniva. Struktira realnych polymérnych nanokompozitov
plnenych anorganickymi pinivami sa nachadza zvy&ajne
medzi tymito dvoma idedlnymi mikrostruktarami [1].

Na hodnotenie morfologickej Struktiry nanokompo-
zitov sa vyuzivaju klasické metody ako RTG (WAXD,
SAXS), optické (polarizacny mikroskop — POM, skeno-
vaci elektronovy mikroskop — SEM, transmisny elektro-
novy mikroskop — TEM, SALS H,), termické (DSC,
DTA, DMSC) a pod.

1.1. Hodnotenie morfologickej Struktiry nano-
kompozitnych materialov pomocou mikros-
kopickych metéd

Optické metddy patria k najjednoduch$im metddam
hodnotenia morfologickej Strukttry polymérov, vlakien
a teraz i nanokompozitov za Uucelom zhodnotenia rov-
nomernosti a homogenity dispergacie ¢astic plniva
v polymeri [2, 3]. KedZe sa jedna o dispergaciu castic
s velmi malymi rozmermi, klasické optické metody sa
len vo velmi malej miere pouzivaji na hodnotenie $truk-
tury nanokompozitov.

Metody SEM, TEM a SALS umoziiuju kvantitativne
i kvalitativne hodnotenie Struktiry nanokompozitov —
dispergaciu Castic, tvar morfologickych Utvarov ako aj
ich velkost [1-8].
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Metdda SEM bola pouzita na sledovanie transkrys-
talinity polypropylénu v zavislosti od typu modifikatora
(kratke modifikované i nemodifikované polyetylén teref-
talatove a polyamidové vlakna) a teploty krystalizacie
[3]. Pridavok modifikovanych polyetylén tereftalatovych
vlakien do polypropylénu znizuje teplotu krystalizacie
polypropylénu viac ako pridavok nemodifikovanych po-
lyetylén tereftalatovych vlakien v porovnani s krystali-
zaciou Cistého polypropylénu. Modifikované krétke po-
lyetylen tereftalatové vidkna ako aditivum
v polypropyléne zlepSuju adhéziu k polypropylénu, zni-
Zuju schopnost krystalizacie polypropylénu a zvy$uju
mechanickofyzikalne vlastnosti v porovnani s nemodi-
fikovanymi kratkymi polyetylén tereftalatovymi vidkna-
mi. Modifikované ako aj nemodifikované polyamidové
kratke viakna maju na krystalizaciu polypropylénu rov-
naky vplyv.

Metoda TEM pouzita pri hodnoteni Struktury nano-
kompozitov na baze réznych polymérov polypropylé-
nu (1, 3, 4, 7, 8], polyamidov [9-11], polyeterimidu [5]
i polyamido—imidu [2] — plnenych réznymi plnivami
s Casticami blizkymi nanorozmerom poukazuje na
tvorbu vrstevnatej Struktiry nanokompozitov s exfolio-
vanym alebo interkalovanym polymérom. Vzdialenos-
ti vrstiev vzniknutej kryStalografickej vrstevnatej $truk-
tury nanokompozitu zavisia od typu, rozmerov
a obsahu pouzitého anorganického alebo organicky
modifikovaného anorganického piniva phillosilikatu
a od typu polyméru. So zvy§enym obsahom (2; 4;
7,5 %) montmorillonitu v polypropyléne o&kovanom
maleinanhydridom klesa dizka (193 — 127 nm) a zvac-
Suje sa hrubka (5,2 — 10,2 nm) nanogastic v nanokom-
pozite [7]. OCkovaneé polarne skupiny maleinanhydridu
v PP-MAH retazcoch podmieriuju interakcie s dastica-
mi piniva difuziou polypropylénovych retazcov do pries-
torov vrstevnatej Struktury phillosilikatového plniva, &m
sa zvacsuje vzdialenost medzi vrstvami truktury phil-
losilikatu.

Nanokompozity s pridavkom komeré&ného maleinan-
hydridu (MAH) vytvaraju usporiadanej$iu $truktdru
a vytvaraju exfoliované vrstevnaté Struktury v porovna-
ni s nanokompozitmi pripravenymi s laboratérne modi-
fikovanym dietyl maleatom (DEM). Je mo2né predpok-
ladat, ze nanokompozity s pridavkom MAH tvoria
zmieSany systém exfoliovaného a interkalovaného sta-
vu Struktiry s dezorientdaciou vrstiev okolo 200 nm
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a malymi agregatmi ¢astic piniva. Nanokompozity
s DEM st menej usporiadané, ale s uzavretejSou Struk-
turou interkalovanych vrstiev piniva [4].

Z merani pomocou POM a Hv-SALS je mozné kon-
Statovat, ze polypropyién modifikovany PP-MAH kry$-
talizuje vo forme sferolitov, ktoré su ziozené zo sklada-
nych iamiel zva&$ujlcich sa hlavne v tangencialnom
smere s relativne vysokym stupfiom usporiadania. Po
pridani organosilikatoveho plniva k polypropylénu sa
tvori systém zo skladanych lamiel o mensej dizke,
s nizSou hustotou a s nizkym stupniom usporiadania.
Paokles hustoty skladanych lamiel méze byt spdsobe-
ny znizenim schopnosti krystalizacie polypropylénu.
Znizenie schopnosti kryStalizacie polypropylénu sa vys-
vetluje separaciou retazcov polypropylénu casticami
plniva [7]. Takyto spdsob krystalizacie polypropylénu
moze viest az k tvorbe a-modifikacie.

1.1.1. Hodnotenie morfologickej Struktury nano-
kompozitnych materialov RTG metodami

Na sledovanie morfologickej Struktury polymeérov, via-
kien a v suCasnej dobe aj nanokompozitov su najviac
pouzivané RTG metédy. RTG metddy so Sirokouhlo-
vym i malouhlovym rozptylom umozfiuju hodnotit typ
krystalickej modifikacie, velkost zékladnej bunky, krys-
talicky podiel polymérnych materidlov a pod. Preto su
RTG metddy jednymi zo zakladnych metdd pre ziska-
nie dostatocne exaktnych predstav o Strukture novych
polymérnych nanokompozitov plnenych aditivami
o velmi malych rozmeroch [1, 2, 4-6, 8-11].

Hodnotenie morfologie exfoliovanych nanokompozi-
tov pripravovanych z vodnej suspenzie poukazali na
tvorbu agregatov, ktoré vznikaju z dvoch a viacerych
Castic sposobom koagulacie a flokulacie. Koagulacia
spdsobuje orientaciu agregatov plocha-plocha (face-fa-
ce) a flokulacia uprednostnuje tvorbu orientacie ¢astic
vo forme hrana-plocha (edge-face) a hrana-hrana (ed-
ge-edge). Spdsob agregacie vedie k heterogénnym
zmendm distriblcie phillosilikatovych Eastic a spdsobu-
je mnozstvo interakcii medzi nimi [12-16]. Vysledky
merania pomocou optického mikroskopu a TEM polya-
mido-imidovych folii potvrdili vyskyt aglomeratov
réznych velkosti. Priemerna velkost aglomeratov sa
zvySuje so zvySovanim koncentracie phillosilikatovych
Gastic v kompozite.

Montmorillonit (MMT) tvori kryStalicku vrstevnatu mo-
difikaciu so vzdialenostou vrstiev 10 A. Organicky upra-
veny MMT krystalizuje vo vrstvach s rozdielnou vzdia-
lenostou vrstiev 12 A pri 7,1° a25 A pri 3,5° na
difrakcnom zazname. Pritomnost pikov na difrakénom
zazname urCuje charakter morfologickej Struktiry na-
nokompozitov. Ak absentuju piky na difrakénom zaz-
name, jedna sa o vznik nanokompozitu s exfoliovanou
§trukturou a ak sa piky na difrakénom zézname na-
chadzaju, vznika nanokompozit s interkalovanou Struk-
turou. Vzorka s obsahom 1,0 % phillosilikétovych castic
tvori disperziu s exfoliovanou Strukturou, pretoze neob-
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sahuje na difrakénom zazname ziadny pik. Vzorky
s obsahom 1,5-2,5 % phillosilikatovych castic obsahu-
ju vyrazné piky na difrak&nych zaznamoch a tym po-
tvrdzujl vznik dipserzie s interkalovanou $trukttrou. Co
je treba zddraznit, je zvySenie vzdialenosti medzi vrst-
vami nanckompozitov o réznom obsahu MMT oproti
¢istému MMT. Pri 3 % koncentracii phillosilikatovych
Castic v systéme nedochadza ani k exfoliacii ani k in-
terkalacii. Predpoklada sa tvorba nemieSatelného mak-
rosystému. V disperziach s exfoliovanou Strukturou (pri
velmi nizkej koncentracii phillosilikatovych Castic) me-
dzi polymérom a ¢asticami MMT nie su van der Waal-
sove sily, o je vysledkom Uplnej destrukcie vrstevna-
tej Struktury MMT. V disperziach s interkalovanou
Strukturou van der Waalsove sily dominuju medzi Cas-
ticami polyméru a plniva a zachovava sa aj pévodna
krystalicka Struktura MMT. Kritickou hranicou pre tvor-
bu interkalovanej Struktary je 1,5-2,0% koncentracia
phillosilikatovych Castic v polyméri [2].

Réntgenografické hodnotenie nanokompozitov s ko-
merénym (maleinanhydridom MAH) i laboratérne mo-
difikovanym (dietyl maleatom DEM) plnivom potvrdilo
vznik vrstevnatej Struktury takychto nanokompozitov.
Rozdielne su len vzdialenosti vrstevnatej Struktury na-
nokompozitov s MAH a DEM pinivom. Anorganicke
i organicky modifikovaneé plniva pouzivané pri priprave
nanokompozitov krystalizuju v rovnakych vrstevnatych
kryStalografickych Strukturach, ale s rozdielnymi vzdia-
lenostami vrstiev. Po pridani tychto plniv do polypropy-
lénu a pridanim eSte dalSej zlozky kompatibilizatora sa
tieto rozdiely este viac prejavia. Vzdialenost medzi vrst-
vami anorganickeho plniva v nanokompozite sa zvacsi
interkalaciou plniva do polypropylénu. Zvacsenie vzdia-
lenosti vrstiev ako aj vacsia nerovnomernost vrstevna-
tej Struktdry nanokompozitu sa prejavila pri pouziti la-
boratérne pripraveného kompatibilizatora PP-g-DEM.
Zretelnejsie piky na rontgenografickej difrakcii boli zis-
kané pre nanokompozity plnené komerénym typom
anorganického plniva 130.TC s pridavkom PPgMAH
ako aj s pridavkom PPgDEM [4].

Podobna Struktura vznika aj pri sledovani polypropy-
lénu ockovaného malein anhydridom a plneného
montmorillonitom [1]. Bola potvrdend vrstevnata mik-
rostruktira nanokompozitov pinenych montmorilloni-
tom. Porovnanim Struktlry plniva a nanokompozitu je
mozné konstatovat, ze vrstevnata Struktdra plniva je
zachovana v dispergovanej forme piniva v matrici, ale
sa zvacsili vzdialenosti medzi vrstvami vplyvom inter-
kalovaneho oCkovaného polypropylénu maleinahydri-
dom. Dispergovany stav piniva bol potvrdeny aj hod-
notenim TEM. Castice plniva tvoria vrstevnatu Struktdru
rozdispergovanu v matrici polypropylénu, o zodpove-
da interkalovanej Struktare [1].

Analyzy malouhlovej a Sirokouhlovej difrakcie ukaza-
li, 2e polyamid 6 kryStalizuje v a-modifikacii ako najsta-
bilnejsej modifikacii. KryStalograficka y-modifikacia po-
lyamidu 6 sa vyskytuje len velmi zriedkavo pri velmi
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Specifickych podmienkach chladenia. Je velmi nesta-
la a prechadza na stabiint a-modifikaciu. To isté plati
aj pre krystalizaciu kopolymeérov a zmesi kopolymerov
s amorfnym polymérom. Pri hodnoteni kryStalografic-
kych charakteristik kopolymérov PA6/PAB,6 v porovna-
ni s PAB je mozné skonstatovat, ze stupef kryStalinity
kopolymérov je velmi nizky a k pomalému zvySeniu
kryStalizacie dochadza len v poliato¢nych fazach krys-
talizacie. V pociato¢nych fazach krystalizacie kopoly-
méru dochadza aj k poklesu veli¢in charakterizujucich
lamelarnu Strukturu kopolymeérov v porovnani s velici-
nami charakterizujlcimi lamelarnu Struktiru homopo-
lyméru PAB. V protiklade s tym je chovanie sa amorfne;
Casti kopolymérov, ktord nevykazuje velke rozdiely
v porovnani s homopolymérom [9].

1.1.2. Hodnotenie krystalizacie nanokompozitnych
materialov

Chovanie sa polymeérov pri izotermickej a neizoter-
mickej kryStalizacii sa najcastejSie sleduje pomocou
termickych metéd DSC, DTA, DMSC. |zotermicka
kryStalizacia je z hladiska merania a matematického
hodnotenia jednoduchsia, ale nedava ndm dostatoény
popis procesu krystalizacie polymérov. Neizotermicky
spdsob merania a matematického hodnotenia je zlozi-
tejsi, ale dava lepSi popis daného procesu pripravy po-
lymérov, vldkien a v suCasnej dobe aj nanokompozitov.

Spdsob a hodnotenie izotermickej kryStalizacie bol
sledovany pre Cisty polyamid 6 (PA6) ako homopolymeér
s réznou molekulovou hmotnostou a pre systémy kopo-
lymérov polyamid 6/polyamid 6,6 (PA6/PA6,6) v pome-
re 90/10 a 85/15 a pre zmesi kopolyamidov (PA6/PAB,6
85/15) s amorfnym polymeérom (PA6am) (70/30) [9].

Z teorie je zname, ze na kinetiku kry$talizacie homo-
polymérov vplyva vela parametrov, ako su molekulo-
va hmotnost, mnozstvo a typ koncovych skupin ako aj
histéria pripravy a podmienky spracovania polymeru.
VSetky charakteristiky kryStalickej Struktury zavisia aj
od rychlosti chladenia, o suvisi s nukleaciou a rastom
krystalitov.

Pri porovnani kinetiky kryStalizacie homopolymeéru
a kopolymérov (PA6 a PAB/PAB,B) je mozné konstato-
vat, Ze kopolymery pri nizSej teplote krystalizuju rych-
lejSie ako homopolyméry, €o suvisi s rychlejSou krys-
talizaciou segmentov PAB,6 ako PAS pri danej teplote.
Ich pritomnostou sa zvy$i i nukledcia a rychlost krys-
talizacie PA6 segmentov v kopolyméroch v porovnani
so segmentami PA6 v homopolymeri. Krystality, ktore
vznikaju pri krystalizacii kopolymérov, su neusporiada-
nejSie ako krystality vznikajuce v homopolyméroch.
V kopolyméroch PA6/PA6,6 sa netvoria eutekticke
kryStality, ale kryStality PAS,6 su vyluCovane z lamelar-
nej krystalickej oblasti PA6 a krystalizuju rovnomerne
rozdispergované v amorfnej oblasti PAG.

MieSatelnost aromatickych a alifatickych polyamidov
bola zohladnena pri $tudiu zmesi kopolymérov PAG/
PA8,6 s amorfnym nekryStalickym polyamidom. Vplyv
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amorfného polyamidu (PA6am) na kinetiku krystaliza-
cie zmesi nema jednoznacny charakter. Pri nizSich tep-
lotach krystalizacie pridavok amorfného polyamidu zni-
zuje rychlost krystalizacie, ktora je porovnatelna
s rychlostou krystalizacie kopolymérov. Pri vy$Sich tep-
lotach krystalizacie amorfny polyamid zrychluje krySta-
lizagny proces tychto zmesi ako aj ich stupen krystali-
nity. Kry$talizaény proces zmesi je mozné popisat
Turbull-Fischerovym vztahom:

In G =In Gy — (AE*/KT.) — (AF*/KT,) (1)

kde G je rychlost rastu sférolitov, G, je preexponencial-
ny faktor, k je Boltzmanova konstanta, T, je teplota
krystalizacie, AE* je volna energia aktivacie prechodu
segmentov retazcov z taveniny do kryStalickej fazy, AF*
je volna energia tvorby nuklei kritickej velkosti. Pri vy§-
Sich teplotach izotermickej krystalizacie, ked sa T, bli-
zi k T, urujucim faktorom rychlosti kryStalizacie je
¢len rovnice (-AF*/KT,), ktory zodpoveda za rychlost
tvorby nukleaCnych centier. Nekrystalizujuci amorfny
polyamid vylu€uje Castice kryStalizujuceho polyamidu,
ktoré podporuju nukledciu. Dochadza ku konformacné-
mu preskupovaniu kry8talizujucich segmentov na lokal-
nej urovni a tym aj k zvySeniu rychlosti tvorby krystali-
tov. Pri nizSich teplotach izotermickej krystalizacie, ked'
T. je velmi vzdialena od T, uréujucim faktorom kry$-
talizatného chovania je faktor (-AE*/KT,) z rovnice (1)
zodpovedajuci za rychlost kryStalizacie. Amorfny polya-
mid, ktoreho T je okolo 120 °C, brani difuzii retazcov
PAB, Cize ich kryStalizacii a tym predizuje Cas krystali-
zécie, &im znizuje rychlost krystalizacie. Predizenie ¢a-
su krystalizacie je mozné potvrdit aj zvaéSenim hrab-
ky lamiel a dlhou periédou krystalizacie. Amorfna cast
krystalickych polyamidov PA6 PAB,6 v zmesi sa pridav-
kom amorfného polyamidu nemeni. Amorfny polyamid
je vtlacany do lamelarnych oblasti amorfnej Casti zmesi
tvorenej retazcami PA6/PAB,6 a tvori s nimi jednotnu
amorfnu oblast zmesi. Pridavkom amorfného polyami-
du klesne teplota kryStalizacie tychto zmesi, zvacsi sa
aj ich lamelarna krystalicka vrstva a klesa aj kryStalinita
zmesi.

Vysledky prace je mozné zhrnut do niekolkych bodov:

— podmienky pripravy ovplyviuju rychlost krystaliza-

cie homopolymérov (PAB), kopolymérov (PA6/
PAB,6) a zmesi homopoléru/kopolyméru/amorfné-
ho (PAB/PAB,6/PABam) polymeéru

— laktam ako monomer pdsobi v homopolymeéri ako

plastifikator, brani rastu kryStalitov a zniZzuje kine-
tiku krystalizacie

- kinetika kry$talizacie je viac spomalovana v komo-

nomeroch ako v zmesiach homopoléru/kopolyme-
ru/amorfného polymeéru [9].

Studium neizotermickej krystalizacie, aj ked' sa jed-
na o ovela zlozitejSi proces hodnotenia, dava podstat-
ne viac informacii o krystalizacii Cistych polymérov ako
aj polymérnych zmesi. Polypropylén je typicky semi-
krystalicky polymér, ktorého stavebné jednotky nano-
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kompozitu s anorganickym plnivom sa pohybuju v roz-
meroch od nm do um. Hriibka phillosilikatovych vrstiev
odpoveda nm, rozmery sferolitov polypropylénu je
mozné charakterizovat v um. Termické vlastnosti na-
nokompozitov, t. j. kryStalizany proces matrice zavi-
sia od mikro$truktury MMT a jeho vplyvu na krystaliza-
ciu matrice [1].

Pomocou DSC sa sledoval vplyv plniva na termické
vlastnosti nanokompozitu — na rychlost chladenia, teplotu
krystalizacie a pod. Boli vyhodnotené teploty krystaliza-
cie pri rznej rychlosti chladenia pre Gisty PP-g-MAH
a nanokompozit. Z nameranych vysledkov vyplyva, ze
teploty krystalizacie klesaju so zvySovanim rychlosti ch-
ladenia pre Cisty PP-g-MAH i nanokompozit. Pri porov-
nani PP-g-MAH a nanokompozitu je zrejmé, Ze teploty
krystalizacie oboch materidlov pri rovnakych rychlostiach
chladenia su rozdielne a nanokompozit krystalizuje pri
vysSich teplotach.

Na dal$ie vyhodnotenie procesu neizotermickej krys-
talizacie boli pouzité vztahy:

1. Avramiho rovnica

2. Kissingerova rovnica

3. Dobrevovej metdda

Vyhodnotenim kinetickych parametrov n, K krystali-
zacie pomocou zavislosti log[-In1-X(t))] = n.logt + logK
pre Cisty PP-g-MAH a nanokompozit bolo zistene, ze
Avramiho exponent n nadobuda hodnoty blizke hodno-
te 2,5 pre oba materidly. Na zaklade hodnotenia pro-
cesu neizotermickej krystalizacie pomocou Avramiho
rovnice je mozné konstatovat, Zze rychlost chladenia
a Castice plniva nemaju vplyv na kinetické parametre
krystalizacie.

Na lepSie zhodnotenie ako aj na porovnanie proce-
su kryStalizacie Cistého PP-g-MAH a nanokompozitu
bola pouzita aj Kissingerova tedria urCenia aktivacnej
energie prechodu makromolekulovych segmentov
k povrchu rastu krystalitov AE, pomocou vztahu:

DIIn(®/Tp))/d(1/T;) = - AE/R (@)

Aktivacna energia pre PP-g-MAH je 162,0 kJ/mol
a pre nanokompozit je 193,2 kd/mol. Castice plniva
zvy$uju viskozitu taveniny a zabranuju aj pohybu po-
lymérnych retazcov a preto na vytvorenie kryStalickej
Struktlry nanokompozitu je potrené vacsie mnozstvo
energie. | napriek zvySenej hodnote aktivacnej energie
pri kryStalizacii nanokompozitu pritomnost Castic plni-
va zvySuje rychlost kryStalizacie, ¢o potvrdili vysledky
merania DSC.

Na vyhodnotenie nukleacnej aktivity plniva bola po-
uzita aj metéda Dobrevovej pomocou vztahu:

log @ ~ konst — By2,3AT? (3)
Veli€ina B sa vypocita zo vztahu
B = wc’.V23k.T,.AS2n (4)

kde V,, je molarny objem krystalickej fazy, AS,, je en-
trépia tavenia, k je Boltzmanova konstanta, o je Speci-
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ficka povrchova energia, » je geometricky faktor. Akti-
vacna schopnost ¢ Castic plniva v nanokompozite je de-
finovana ako pomer prac potrebnych pri tvorbe trojroz-
mernych kryStalitov polymeru s a bez plniva. Ak je
¢astica extrémne aktivna pri nukledcii, potom ¢ sa rov-
na nule. Pre absolutne inertné Castice sa ¢ rovna jed-
nej. Ak praca je rovna sucinu n.T,,.B, pricom n je Av-
ramiho konstanta, ktord je mozné uréit z DSC merani
a je priblizne konstantna pre polypropylén ockovany
MAH i pre polypropylén plneny MMT, potom aktivacnu
schopnost ¢astic piniva je mozné urcit z pomeru smer-
nic zavislosti logy = f(1/T?) s pinivom a bez plniva.

Po matematickom zhodnoteni nameranych vysled-
kov je mozné konStatovat, ze pomer smernic vy$Sie
uvedenej zavislosti resp. aktivaéna schopnost Gastic
plniva je rovna 0,84, ¢o charakterizuje plnivo ako nuk-
leaCné Cinidlo. Phillosilikatové vrstvicky plniva su aktiv-
nymi zlozkami heterogennej nukleécie. Volna energia
podiato¢nej nukleacie klesa vplyvom pritomnosti aktiv-
nych zloziek plniva. Aktivnymi zlozkami nukleacie mézu
byt aj maleinanhydridové skupiny na polypropyléno-
vom retazci, ktorych aktivacna schopnost je vzdy pod-
statne niz$ia ako aktivaéna schopnost ¢astic plniva [1].

Na zaklade pritomnaosti pikov na termogramoch zika-
nych pri prvom ohreve z DSC merani bol konstatova-
ny unik prchavych zloziek tak z Cistého MMT ako aj
z Cistého PAl a zmesi. Na termogramoch ziskanych
z druhého ohrevu sa uz piky nenachadzaju. Predpok-
fadala sa aj pritomnost dvoch zlomov na termogramoch
z druhého ohrevu pre vzorky s plnivom MMT, o by
malo zodpovedat dvom teplotam Tg pre pinené poly-
meéry [18-19]. Dva zlomy na termogramoch pre vzor-
ky plnené MMT neboli namerané. To mdze byt spdso-
bené rovnakymi relaxaénymi ¢asmi pre polymér i plnivo
(velmi malo pravdepodobné) alebo malou citlivostou
DSC metody k tymto zmenam.

Uréenie tvorby disperzie s exfoliovanou alebo inter-
kalovanou Struktirou pomocou merani DSC alebo TGA
je mozné na zéklade hodnotenia Specifického tepla. Pri
tvorbe disperzie s exfoliovanou Struktdrou su zmeny
$pecifického tepla velmi malé oproti ¢istemu PAI. Ovela
vacsie st zmeny Specifického tepla pri vzorkach s kon-
centraciou vysSou ako 1,5 % MMT, CiZze u vzoriek
s tvorbou interkalovanej Struktury. Vzorky s koncentra-
ciou 1,5 a 2,0 % MMT, u ktorych sa tvori interkalova-
na StruktUra, maju aj nizSiu schopnost degradacie. To
je spbsobené zvySenim interakcii medzi polymérnymi
retazcami a skupinami MMT. Pri disperziach s exfolio-
vanou $trukturou interakcie medzi polymérom a MMT
su malé alebo Ziadne a tym aj schopnost degradacie
tychto materialov je vyssia [2].

1.2 Mechanickotyzikalne vlastnosti nanokompo-
zitnych materialov

Konecne vlastnosti nanokompozitu zavisia od typu
anorganického piniva, od distriblcie jeho nanorozme-
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rov, od homogenity distribucie nanocastic v polyméri
a od termodynamickych interakcif medzi Gasticami na-
noplniva a polyméru resp. kompatibilizatora.

Mechanicke vlastnosti — tvrdost — polymerov pine-
nych MMT su podstatne vy$Sie ako Cistého PAI. Naj-
vy§8ie hodnoty boli dosiahnuté pri koncentracii 1
% MMT. Najvy&Sia tvrdost pri 1% koncentracii MMT
moéze byt spbésobend tym, Zze malé mnozstvo MMT
v matrici je najlepSie rozdispergované a umozni najlep-
Sie prepletenie retazcov polymeéru s plnivom a tym PAI
vytvrdne. Po zvy$eni koncentracie MMT nad 1 % nas-
tédva mierny pokles tvrdosti daného systému, ale nie
drasticky. Polymérnym retazcom PAI, ktoré su penet-
rovaneé do Struktury MMT, je zabranené stvrdnut do ta-
kej miery ako pri 1% MMT [2].

Porovnanim Youngovych modulov nanokompozitov
s pridavkom PPgMAH a PPgDEM je mozZné konstato-
vat, Zze nizSie hodnoty sa dosiahli pri pouziti kompati-
bilizatora DEM. Kompatibilizator DEM ma otvorenejsiu
Struktdru ako MAH a dipdlovy moment DEM méze pok-
lesnut az na nulu, éim umozni zmenu konformacie re-
tazcov PAl. Zmena konformacie retazcov spdsobi gj
znizenie Youngovych modulov. MAH ma niekolkona-
sobne ElenitejSiu a tuhSiu molekulu s permanentnym
dipélovym momentom, ¢o umoznuje polarnejsie inte-
rakcie s polarnymi phillosilikatovymi Casticami v porov-
nani s DEM kompatibilizatorom. MAH méze tvorit gj
imidové vézby s oktadecylaminovymi kationmi Castic
plniva. MAH ako komerény vyrobok ma vysSiu gistotu
a zaroven vysSiu homogenitu €astic. Nizsia ¢istota i ho-
mogenita laboratorne pripraveného DEM umozniuje
tvorbu agregatov flokulovanie jednotlivych Castic pini-
va do vacsich celkov. Agregaty iniciuju trhliny matrice
a tym spdsobuju znizenie mechanickofyzikalnych vlast-
nosti polypropylénu s pridavkom kompatibilizatora
PPgDEM. Pevnost polypropylénu zavisi od typu ocko-
vaného kompatibilizatora a jeho obsahu ako aj od ty-
pu a obsahu anorganického plniva. Vzorky s obsahom
PPgMAH maju vy$Siu pevnost ako vzorky s PPgDEM.
Pevnost nanokompozitov s pouzitim oboch kompatibi-
lizatorov klesa so zvySovanim koncentracie anorganic-
keho plniva. Razova pevnost so zvySovanim obsahu
ockovaneho polypropylénu klesa. Vacsia variabilita
zmien mechanickofyzikalnych vlastnosti sa prejavila pri
pouziti polarnejSieho oCkovaného kompatibilizatora
PPgMAH [4].

ZlepSenie elastickych vlastnosti bolo sledované u na-
nokompozitu pripraveného z polypropylénu a SiO,-g-
PS ako plniva o¢kovaného polystyrénom [17].

V prvej faze bolo pripravené ockované plnivo SiO,
polystyrénom pomocou polymerizacie monomeru styré-
nu. V dalSej faze bolo zmixované ockované plnivo s po-
lypropylénom v jednozavitovkovom extrideri pri 200 °C.
Vzorky boli podrobené mechanickym pevnostnym skus-
kam, kde sa ziskali napatovo-deformacné krivky, kto-
ré boli vyuzité na stanovenie energie spotrebovanej pri
danej skuske.

142

Interakcie medzi zlozkami kompozitu plnivo-poly-
mér-kompatibilizator uréuju uéinnost napatovych pre-
chodov pri pevnostnych skiskach ako aj rozsah defor-
macie matrice. V konecnej faze urCuju vlastne
mechanickofyzikalne vlastnosti kompozitu. Z toho
dbvodu je potrebné aj sledovanie vplyvu obsahu jed-
notlivych zloZiek kompozitu na mechanickofyzikaine
viastnosti.

K znizeniu pevnosti a taznosti méze déjst vplyvom
zoslabenia medzifazovej adhézie medzi zlozkami kom-
pozitu. Pevnost kompozitov pinenych o¢kovanym PP-
g-SiO; sa zvysila rapidne uz pri jeho nizkej koncentra-
cii adalSie zvyS3enie koncentracie plniva uz
nespdsobilo vyrazneé zvySenie pevnosti. Ak vazba me-
dzi plnivom a matricou je dostatone pevnd, pevnost
kompozitu o, m6ze byt az 1,33-nasobkom pevnosti
pévodného polymeru oy

6ydSym = 1 +0,33.F(C).VE (0 < F(c).V2 <1) (5)

OydSym = 1,33[1 < F(c).V] (6)

kde V; je objemovy zlomok Castic plniva a F(c) je po-
diel celkovej plochy k ploche Castic zapojenych do in-
terakcii s polymérom. V pripade, ak koncentracia na-
péatia okolo Gastic plniva presiahne hodnotu F(c),
Smykova poddajnost ¢astic sa rovna Smykovej poddaj-
nosti matrice. Dochadza k dissipacii energie pri deforma-
cii kompozitu vplyvom dispergovanych ¢&astic plniva.
NajidealnejSia deformacia kompozitu s dissipaénym
procesom napétia nastava pri obsahu 0,65 % plniva
v kompozite, kedy dochadza k ,perfektnej” adhézii
polypropylénu s ockovanym plnivom SiO,-g-PS. | nap-
riek potvrdeniu teoretickych predpokladov, pevnost da-
neho materialu sa zvySila len na Uroveri 1,15-nasobku
pevnosti pdvodného polyméru. Nedosiahnutie teoretic-
kej hodnoty pevnosti bolo vysvetiené malou taznostou
matrice polymeéru.

Ked sa predpoklada, ze F(c) charakterizuje podiel
zvy8enia Castic plniva zapojenych do interakcii pri de-
formacii systému, potom Castice plniva vo vSeobecnosti
maju charakter vystuze v nanokompozite. Vyssie hod-
noty F(c) fakticky indikuju pevnejSie medzifazove inte-
rakcie. To tiez nepriamo potvrdzuje va¢Siu odolnost
kompozitu voci deformacii za tepla, €ize znizuje zraza-
vost nanokompozitov vplyvom nanocastic [17].

Publikovany prispevok vznikol za finanénej podpory projektov
APVT 20-010102 a VEGA A26 FCHPT STU.
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SUHRNY DIPLOMOVYCH PRAC
Katedry vlakien a textilu FCHPT STU vBratislave
v Sk. r. 2002/2003

Bc. Michaela Girmanova
Vplyv makromorfologickej Struktury textilii na ich biofy-
zikalne vlastnosti.

Cielom diplomovej prace je posudit vplyv makromor-
fologickej Struktury dvojzioZzkovych a trojzlozkovych
zmesnych textilii na ich biofyzikalne vlastnosti.

Textilie s prevazujucim podielom PP vlakien a dop-
Ifujucim podielom prirodnych vidkien st uréené do
odevu. Z tohto dévodu sa hodnotia viastnosti, ktoré ko-
reSponduju s biofyzikdinymi a komfortnymi vlastnosta-
mi textilii pri noseni, ako su priepustnost vodnej pary,
priepustnost vzduchu, priepustnost tepla za sucha
a vlhka, stladitelnost a trenie. Vzhladom na r6znu mak-
romorfologicku $truktiru danu zlozenim textilie z rézny-
ch vlakien su biofyzikalne vlastnosti rozdielne. Kom-
plexnym hodnotenim sa zistilo, ze zloZenie textilie
z troch zloZiek je vhodne; podiel lycry v textilii pri kom-
plexnom hodnoteni je menej vhodny z hladiska fyzio-
l6gie a komfortu pri noseni.

The influence of macromorphological structure of tex-
tiles on their biophysical properties.

The goal of the work is to evaluate the influence of
macromorphological structure of blended textiles of two
and three components to their biophysical properties.

The textiles with prevailing PP fibre portion and a por-
tion of natural fibres are designed for clothes. That is
the reason why we measured the properties that cor-
respond with biophysical and comfort properties of tex-
tiles while wearing such as water vapor permeability,
air permeability, heat permeability in wet and dry con-
ditions, compressness and friction coefficient.

Regarding the different macromorphological structure
given by the composition of different fibres the biophy-
sical properties differ.

The complex evaluation has shown that the compo-
sition of textile of three components is convenient; the
lycra portion is less convenient from physiological and
comfort point of view while wearing.

Bc. Janka Kukulova
Kinetika farbenia modifikovanych polypropylénovych
vlakien

Diplomova praca bola zamerana na hodnotenie kine-
tiky farbenia modifikovanych polypropylénovych via-
kien disperznymi farbivami Terasil Rosa 2GLA a Tera-
sil Blau 3RL vytahovacim postupom.

Kinetika farbenia bota hodnotena na zaklade sledo-
vania ubytku farbiva z kupela v zavislosti od ¢asu far-
benia pri piatich teplotach pre kazdu z troch vzoriek
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modifikovanych polypropylénovych viakien. Ziskané
experimentalne zavislosti pre hodnotenie kinetiky far-
benia boli spracované matemeticky pomocou niekolky-
ch modelov. Z vysledkov matematického spracovania
je mozné konstatovat, ze najvodnej$im modelom pre
popis kinetiky farbenia modifikovanych polypropyléno-
vych vlakien disperznymi farbivami je model Patterso-
nov resp. Vickerstaffov. Podla uréenych najvhodnejsich
modelov boli dalej vypocitané difuzne koeficienty a ak-
tivaéna energia farbenia modifikovanych polypropylé-
novych vlakien disperznymi farbivami vytahovacim
postupom.

Zo ziskanych vysledkov diplomovej prace vyplyva, Ze
najlepSie podmienky pre farbenie modifikovanych po-
lypropylénovych vlakien disperznymi farbivami vytaho-
vacim postupom su vySSie teploty (okolo 100 °C)
a dlhSie Casy farbenia (viac ako 30 min).

Kinetics of dyeing of the modified polypropylene fibres

Diploma work was focused to the evaluation of kin-
metics of modified polypropylene fibres by exhaustion
method with disperse dyes Terasil Rosa GLA and Te-
rasil Blau 3RL.

Kinetics of dyeing was evaluated by determination of
dyestuff loss in the dyeing bath as a dependence of
dyeing time at 5 levels of temperature and 3 samples
of modified polypropylene fibres. Obtained experimen-
tal dependences were processed mathematically using
several models. Resuits prove that for description of dye-
ing kinetics the best model is that of Patterson and Vic-
kerstaff respectively. From these models diffusion coef-
ficients and energy of dyeing activation were calculated.

From obtained results it follows that the higer tem-
peratures (about 100 °C) and longer time of dyeing (more
than 30 min) are the best conditions for exhaustion dye-
ing of modified polypropylene fibres with disoerse dyes.

Bc. Zuzana MartiSkova
Koncentrované disperzie pre pigmentaciu polyestero-
vych viakien

Diplomova praca bola zamerana na hodnotenie spra-
covatelnosti éiernych koncentratov na baze PET a PBT
v rdznom pomere pri farbeni PET viakien v hmote a na
vplyv technoldgie farbenia v hmote na niektoré zaklad-
né vlastnosti viakien. Spracovatelnost koncentratov sa
hodnotila na zaklade ich reologickych vlastnosti
a miesatelnosti so zakladnym polymérom pri priprave
vidkien. MieSatelnost sa posudzovala na z&klade rov-
nomernosti Struktury a geometrie pripravenych vidkien.
Boli vyuzité merania mechanickych viastnosti viakien
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{pevnost a taznost), mikroskopické merania (priemer
vlakien) a ich Statistické zhodnotenie.

Concentrated dispersions for pigmentation of polyes-
ter fibres

Diploma work was focused to the evaluation of black
concentrates processability using PET and PBT in dif-
ferent relationships during mass pigmenting of PET fib-
res. Influence of dyeing technology on basic fibre pro-
perties was examinated as well. Processability of
concentrates was evaluated by rheological behavior
and miscibility with basic polymer during preparation of
fibres. Miscibility was determined by evenness of struc-
ture and geometry of prepared fibres. Mechanical pro-
perties (tensile strength and elongation at break), mic-
roscopic measurements (diameter of fibres) and their
statistical evaluations were evaluated as well.

Bc. Andrej Rusnak
Polymérne zmesi na baze polyesterov ako aditiva pre
modifikaciu viakien

Cielom diplomovej prace bolo zhodnotenie vplyvu vy-
branych vliastnosti polymérovych zloziek PET a PBT na
nadmolekuloyu Strukturu a niektoré zakladné viastnosti
zmesnych PET/PBT viakien. Skumala sa tiez moznost
pouzitia zmesi PET/PBT ako polymérneho aditiva pre
modifikaciu polypropylénovych viakien. V préaci sa Studo-
vali reologicke a termicke vlastnosti polymérnych zmesi
PET/PBT a zmesnych PET/PBT vlakien. Boli zhodnote-
né zakladne mechanicko-fyzikdlne vlastnosti zmesnych
vidkien a nasli sa zavislosti medzi kompatibilitou zioZiek
arovnomernostou Struktury zmesnych vlakien.

Polymer blends on the base of polyesters as additives
for modification of fibres

The diploma work was aimed at the evaluation of in-
fluence of some properties of polymer components
PET and PBT on the supermolecular structure and ba-
sic properties of blend PET/PBT fibres as well. The
possibility of application of PET/PBT blends as polyme-
ric additive for modification of polypropylene fibres was
investigated. Further the rheological and thermal pro-
perties of PET/PBT blends and fibres were studied. Ba-
sic mechanical-physical properties of blend fibres we-
re evaluated and dependances between compatibility
and evenness of blended fibre structure were found.

Bc. Radovan Radovcic
Chemicka a fyzikaina modifikdcia polyamidu 6 pre viak-
na s vy$8§imi uZitkovymi viastnostami
Hlavnym cielom diplomovej prace bola priprava ko-
polyamidov z e-kaprolaktamu, kyseliny adipovej a di-
etylentriaminu dvojakym spdsobom :
— 2o samostatnych zlozZiek
- z g-kaprolaktamu a nylonovej soli druhych dvoch
zloZiek a porovnanie vlastnosti tychto dvoch typov
kopolyamidov
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Druha Cast prace bola venovana priprave zmesnych
PA 6 vlakien modifikovanych s 10, 20, 30, a 50% hm.
kopolyamidov a stanoveniu vlastnosti zmesnych vla-
kien.

Chemical and physical modification of PA 6 for fibres
with better end-use properties

The main aim of diploma work was to prepare copo-
lyamides from ¢-caprolactam, adipic acid and diethyle-
netriamine by two ways:

— from independet components

— from g-caprolactam and nylon salt of two others

components and to compare properties of these
two types of copolyamides.

The second part of this work was devoted to the pre-
paration of blended Pa 6 fibres modified with 10, 20, 30
and 50 wt.% of copolyamides and to the investigation
of blend fibres properties.

Bc. Jana Carna
Vplyv kompatibilizatora na vilastnosti
nanokompozitnych vidkien

Praca bola venovana priprave novych typov viakien
zaloZenych na baze komercnych typov vidknotvornych
polymerov s vyuzitim anorganickych plniv. Viakna pozosta-
vali z matrice izotaktického polypropylénu, ktora obsahovala
rézne koncentracie plniva Nanofil a kompatibilizatora —
polypropylénu ockovaného maleinanhydridom (iPP-g-MA).
Od pripravenych nanokompozitnych vidkien sa oCakavala
zmena mechanicko-fyzikalnych a uzitkovych vlastnosti.
Sledovali sa mechanické vlastnosti (pevnost a taznost),
sorpcia vody a toluénu v nanokompozitnych vlaknach a
ich elektrostaticky potencidl.

Vysledky hodnoteni vlastnosti potvrdili vyznamny vplyv
Castic a kompatibilizatora na Struktiru, morfolégiu, mecha-
nické, sorptné a iné vlastnosti polypropylénovych vidkien.
Taktiez sa potvrdili dobré kompatibilizaéné Gcinky iPP-g-MA.

Influence of compatibilizer on properties of
nanocomposite fibres

The aim of the thesis was preparation of new types
fibres based on the commercial types of fibre-forming
polymers using inorganic particles. The fibres consist
of matrix from isotactic polypropylene which contains
different concentrations of filler Nanofil and compa-
tibilizer isotactic polypropylene grafted maleic-anhydrid
(iPP-g-MA). From prepared nanocomposite fibres a
change of mechanical-physical properties and end-use
properties were expected. The mechanical properties
(tensile strength and elongation), sorption of water and
toluene in prepared nanocomposite fibres and their
electrostatic potential were studied.

The evaluation of measured properties confirm re-
markable influence of both the particles and compati-
bilizer on structure, morphology, mechanical and end-
use properties of polypropylene fibres. Also a good
compatibilisation effect of iPP-g-MA was confirmed.
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Z KONFERENCIE

3" CENTRAL EUROPEAN CONFERENCE

3" Central European Conference o vlaknotvornych Na konferencii bolo registrovanych vysSe 80 ucast-
polyméroch, chemickych vidknach a $pecialnych nikov. Okrem domacich tu boli G&astnici z Pol'ska,
textiliach sa uskutocnila v dinoch 10.—12. septembra Rakulska, SRN, Francuzska, Portugalska, Grécka,
2003 v primorskom stredisku v Portorozi v Slovinsku. Chorvatska, Madarska, USA, Japonska, Ceska a
Hlavnym organizatorom konferencie bola Univerzita Slovenska. Celkom odznelo 30 prednaSok na vysoke;j

v Maribore. odbornej Urovni a s bohatou diskusiou.
Hlavné tématické okruhy na konferencii boli: Zo Slovenska boli na konferencii pritomni zastup-
— Textilné vidkna covia z STU-FCHPT Bratislava, VUTCH-Chemitex

s.r.o. Zilinaa VUCHYV a.s. Svit. Na konferencii prezen-
tovali ucastnici zo Slovenska tieto prednasky:

1. Processing of polypropylene and polyester

— Nové materialy
— Technické textilie

— Modifikacie viakien pigment concentrates for spun dyed

— Povrchy vlakien (Prof. Ing. Anton Marcinéin, PhD.)

— Inteligentne textilie 2. Physiological properties of textiles

- Recyklacie (Doc. Ing. Anna Murarova, PhD.)

— Upravy materilov 3. Copolyamides as additives for modification of

polypropylene and polyamide fibres

~ Textilna ,zelena chemia (Doc. Ing. Michal Kristofi&, PhD.)

— Skusanie.

. » . o Okrem prednasok boli uCastnici zo Slovenska aktivni
Prednasky boli zaradené podla tematického zame- v posterovej sekcii.

rania do Siestich sekcii vratane posterov.
Ku konferencii bol vydany Book of Abstracts v kniznej

Plenarne prednasky na konferencii mali temu: forme a Proceedings na CD-roome.
— Modern finishing processes for surface modifica-
tion Dalsia, v poradi 4™ CEC bude v roku 2005 na TU
— lontex: A cellulosic fibre for filtration and ion ex- v Liberci.
change
— Flex fatigue of PET/PEN fibers
— Some recent results of dynamic analysis of un-  |nformaciu o konferencii podava:
winding from conical packages
— Processing of polypropylene and polyester pig- Doc. Ing. Anna Murérova, PhD.
ment concentrates for spun dyed fibres STU-FCHPT Bratislava
— Characterization of polymer surface modification Radlinskeho 9

812 37 Bratislava

— Maodification of wool by pulse corona discharge anna.murarova @ stuba. sk

and enzymes
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Z0 ZAHRANICNYCH CASOPISOV

Perspektivy vyvoja viakien, priadzi a materialov na
technické ucely

VLIESSTOFFE/TECH.TEXTILIEN, 47, 2001, €. 3,
s. 24-29

Technické trendy su urCované poziadavkami trhov,
rastucim ekologickym spravanim, pozadovanymi uzit-
kovymi vlastnostami vyrobkov a poziadavkami po
osobnej bezpecnosti a komforte. V Uvode autor popi-
suje 5 alternativnych zdrojov vlakien na pokrytie pozia-
daviek trhu. Podrobnejsie sa zaobera problematikou
vldkien na biopolymeérnej baze a novymi technoldgia-
mi pradenia. Dalej popisuje najnovsie trendy v oblasti
vyvoja viacfunkénych povrstvenych alebo laminova-
nych materialov a textiinych materialov pre zdravotnic-
tvo.

ProduktivnejSia technoldgia zviaknovania pod trys-
kou
VLIESSTOFFE/TECH.TEXTILIEN, 47, 2001, €. 3,
s. 68-69

V ¢lanku je predstavena najnovsia technoldgia zvlak-
riovania pod tryskou ,Perfobond* firmy Rieter-Perfojet,
ktora ponuka niekolko inovativnych konceptov, ¢im sa
stava zariadenie vykonnejsim, efektivnej$im a flexibil-
nejSim. Textilné materialy vyrobené touto technoldgiou
su lepSie nez klasické materidly, najmé o sa tyka me-
chanickych vlastnosti. Taktiez su necbyCajne makké
a objemné. Predpokladane moznosti ich aplikacie: hy-
gienicky priemysel, zdravotnictvo, polnohospodarstvo
atd.

Runové textilie z mikroviakien do automobilov
VLIESSTOFFE/TECH.TEXTILIEN, 47,2001, ¢. 3, 5. 71

Nemecka firma Frendenberg Vliestoffe KG predsta-
vila novu generaciu textilii ,Evolon® uréenych do auto-
mobilov, ktoré sa vyrabaju z mikrovidkien zvlaknova-
nych priamo z polymeérov. Su jemnejSie nez klasickeé
mikrovlidkenné materidly. Podla slov firmy sa textilie
Evolon vyznacuju vysokou rovnomernostou pri nizkej
hmotnosti, textiinym vzhladom, vysokou pevnostou
v natrhnuti, velmi dobrou absorpciou zvuku, dobrou
spracovatelnostou, rozsiahlymi moznostami upravy po-
vrchu pomocou textilnych zo$lachtovacich procesov.
Tieto textilie sa pouzivaju v automobiloch na dekoraciu
stropov, na vyrobu potahov na sedadla, na obloZenia
batozinovych priestorov, taktiez ako zvukovo—izolaéné
rina atd.

Optimalne filtracné vykony s vlaknami na baze me-
laminovej zivice
VLIESSTOFFE/TECH.TEXTILIEN, 47,2001, ¢.3,s.72
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Predmetom élanku je vlakno Basofil na baze mela-
minovej zivice, ktoré sa najnovsie pouziva aj ako filtraé-
né médium pri filtracii horaceho vzduchu, pretoze je
odolné voci vysokym teplotam. Nasledkom vyrobnych
podmienok je prierez vidkien nie okruhly, ale skor oval-
ny a priemer sa pohybuje od 7-24 mikrometrov. Vda-
ka sploStenemu prierezu vlakien je preto k dispozicii
vacsia separacna plocha. Rozdielné jemnosti zlepSu-
ju zasa rozdelenie porov, €o pri rovnakom prietokovom
objeme vedie k nizSiemu tlakovému rozdielu. Toto plati
aj pre vlakenné zmesi, napr. z Basofilu a metaarami-
dov. Dokonca filtraény vykon tychto filtrov je eSte vys-
§i, pretoze rozdielné triboelektrické vlastnosti jednotli-
vych zlozZiek zmesi pozitivne vplyvaju na filtraciu.
Vyrobcom uvedenych vlakien je nemecka firma BASF
AG.

Systémy bondcoating pre fixacné viozky
VLIESSTOFFE/TECH.TEXTILIEN, 47, 2001, €. 4,
s. 10-13

Nielen v technickych aplikaciach, ale aj v odevoch sa
pouzivaju textiiné rinové materialy na dosiahnutie op-
timalnej trvacnosti. Na priklade vyroby textilnych vys-
tuznych vioziek su v ¢lanku popisané a vysvetlené sy-
stémy bondcoating: bodové spajanie pastou
a dvojbodové spdjanie.

Laminacia a povrstvovanie technickych textilii ta-
veninou
VLIESSTOFFE/TECH.TEXTILIEN, 47, 2001, ¢. 4, s.
14-16
Aplikacia taveniny (EVA, CoPA, CoPET, PUR) v tex-
tiinom priemysle nahradza systémy na baze vody ale-
bo rozpustadiel a oproti klasickym povrstvovacim a ka-
Sirovacim procesom ponuka mnoho vyhod:
— proces nezatazuje zivotné prostredie (bez rozpus-
tadiel);
— nie su potrebné pridavné zariadenia na spalovanie
odpadového vzduchu;
— substraty nie su vystavene tepelnému Soku;
- nie je potrebné susenie alebo spekanie;
- niz8ia spotreba energie;
- nie je potrebna Specialna priprava povrstvovacej
hmoty;
— velky vyber lepidiel;
— jednoduché obsluha a vysoka spolahlivost vyroby;
— velky vyber substratov;
— vyber bodovych alebo sietovych vzorov;
— laminaty s makkym ohmatom a zaterom.
Technolégia ,Cavimelt* alebo ,Caviscreen” spoCiva
v nanasani taveniny na substrat prostrednictvom ryté-

147



ho valca (Meltprint) alebo filmovou potlacou (Screen-
print).

Runové textilie z mikrovlakien s textilnym charak-
terom
VLIESSTOFFE/TECH.TEXTILIEN, 47, 2001, €. 4,
s. 37-40

Firma Freudenberg Nonwovens sa snazi vyrabat ta-
ké materialy (100-300g/m?), ktoré sa vyznaduiju textil-
nymi vlastnostami, ako je dekorativnost, schopnost
riasenia, spracovatelnost, ,wash wear" a su z bikom-
ponentnych mikroviakien (0,15dtex —1 dtex). Komfort
a UV-ochrana su viastnosti, ktoré ¢oraz viac pozadu-
ju spotrebitelia. Tieto vlastnosti su charakteristicke pre
materialy ,Evolon“. Vhodnou Upravou sa dosiahne po-
Zadovany vzhlad a ohmat. Uvedené su vysledky sku-
Sok uskuto€nenych vo vyskumnych tstavoch v Lyone
{textilno-mechanicke vlastnosti) a v Hohensteine (ter-
mo-fyziologické a dermo-senzorické viastnosti).

Zariadenia na upravu pneumatikového kordu
a technickych priadzi
VLIESSTOFFE/TECH.TEXTILIEN, 47,2001, ¢. 4,s.49
V obdobi ¢oraz vacsieho ekologického tlaku vzhla-
dom na Setrenie prirodnych zdrojov a ochranu Zivotne-
ho prostredia sa aj SvajCiarska firma Benninger AG vy-
rovnava s tymito poziadavkami a doporucuje vyrabcom
pneumatikového kordu a technickych priadzi vyuzivat
systémy (napr. ,DUAL RAM*, ,FHC", ,Cord Dry“, ,Cord
Tec") a pristroje, ktoré umoznuju vylepSit energeticku
bilanciu, optimalizovat technologicky proces, zvySit
kvalitu hotovych vyrobkov atd. Pristroje st jednoducho
zabudovatelné do jestvujucich zariadeni.

Fireblocker do odevov pre poziarnikov a ochran-
nych pracovnych odevov
VLIESSTOFFE/TECH.TEXTILIEN, 47,2001, €. 4, s. 50

,Vilene* fireblocker ponuka firma Freudenberg ako
bariéru pred teplom vo forme volnej alebo v preSivanej
netkanej textilii s podsivkovinou alebo so znackovymi
membranami ako bariéru pred vihkom. Hlavnou zloz-
kou vlakennej zmesi fireblocker ,Vilene® je viakno ,Ba-
sofil* na baze melaminovej Zivice z firmy BASF. Hyd-
raulicky ihlované runove textilie z tohoto materialu su
objemné a lahké, vyznaduju sa dobrymi tepelno—izo-
lacnymi vlastnostami, vynikajucou rozmerovou stabili-
tou a textiinym ohmatom. ,Vilene* fireblocker je vhod-
ny do ochrannych odevov pre poziarnikov (ochrana
pred vihkom, teplom a tepelnym stresom). Vyrobky st
aj po opakovanych praniach a tepelnych u€inkoch
nehorlavé, tepelno—izolacné, priedusné a rozmerovo—s-
tabilné. Skusky netkanych textilii v nezavislych skusob-
nych tstavoch potvrdili hodnoty uvddzané v medzinarod-
nych normdch.

Obvazy na rany s hydrovlaknami
VLIESSTOFFE/TECH.TEXTILIEN, 48,2002, €. 1, s. 63
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L1extus Multi“ — méakky, sterilny, hydrofilny obvaz na
rany z runa spod trysky je na kontaktnej strane s ranou
povrstveny pérovitym polyetylénovym filmom. Pouziva
sa najma pri lieCbe mokvavych ran vo vsetkych troch
Stadiach. Udrzuje optimalny stuperi vihkosti, prispieva
k autolytickej lie€be, mé baktericidne ucinky, nie je oklu-
zivny, dobre sa oddeluje od novovytvoreného tkaniva,
posobi hydroaktivne, interaktivne afalebo bioaktivne.

Multifunkcné vlozky pre streSné materialy
VLIESSTOFFE/TECH.TEXTILIEN, 48,2002, ¢. 1, 5. 64

Vysledkom spoloéného vyvojoveho projektu obchod-
nych oddeleni sklenenych viakien a polyesteru a pouzi-
tia najmodernejsich vyrobnych technologii je ,Combi-
Mat“, v ktorom st zdruzené vyhody polyesteravého
a skleneného runa. Vysokopevné a roztazné polyeste-
rové runo ako aj rozmerovo-stabilné a Specialne upra-
vene sklenené runo sa spoja technoldgiou vpichovania.
U vzniknutého tvarovaného kompozitného materialu
nedochdadza k zhorSeniu vliastnosti sklenenych viakien.
Zlepsi sa aj spravanie pri horeni. Z materialu ,Combi-
Mat" sa vyrabaju vysokokvalitné polymerne bitimeno-
vé stre$né pasy. DalSie uplatnenie vyrobku: zvukova
izolacia, podlahové krytiny, atd.

Kompaktné zariadenie na polypropylén FDY
VLIESSTOFFE/TECH.TEXTILIEN, 48,2002, €. 1, 5. 65

O zariadenie ,VarioFil", ktoré koncom roka 2001 pre-
zentovala nemecka firma Barmag je velky zaujem. No-
vy koncept stroja na vyrobu vysokokvalitnych nekoneg-
nych vlakien z PP ainych polymérov pokryva rozsah
titrov od 50 az po 1200 den pri maximalnom vykone
stroja 216 kg/h. Zariadenie ,VarioFil* je vhodné na vy-
robu Sirokého sortimentu vyrobkov v malych mnoz-
stvach. Vyrobca chemickych viakien méze velmi rychlo
reagovat na poziadavky dynamicky sa rozvijajuceho tr-
hu. Zariadenie s minimalnou udrzbou je nenarotné na
obsluhu.

Viakna na ochranny odev pre poziarnikov
VLIESSTOFFE/TECH.TEXTILIEN, 48, 2002, €. 2,
s. 612

Dopyt po termicky stabilnych, nehorlavych chemic-
kych viaknach neustale stupa. Predmetom $tudie su
vlakna na ochranné odevy pre poziarnikov: aramidové
(PPTA),Nomex“, ,Keviar®, polybenzimidazolove (PBI),
polyvinylchloridové (PVC), polytertrafiudretylenove
(PTFE) ,Teflon®, polyamidimidové (PAl) ,Kermel®, Pod-
robnejsSie je popisané nové, modifikované viakno PAN
SPrylanit”.

LepsSie uzitkové vilastnosti ochranného odevu
VLIESSTOFFE/TECH.TEXTILIEN, 48, 2002, €. 2,
s. 13-14

Pomocou procesu ,InterSpun“ na zariadeniach
LAguaTex” sa dosiahnu lepsie textiiné vlastnosti tkanin
na ochranné odevy. Vyhody zoSlachtovania: znizena
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spotreba fluérkarbdnovych a inych chemikalii, absolut-
na rovnomernost tkaniny po celej Sirke, znizena prie-
pusnost vzduchu u tkanin zo strize, nastavitelna (zvy-
8ena alebo znizena) priepustnost vzduchu u tkanin
z nekoneénych viakien, znizené naklady na priadzu po-
uzitim lacnejSich dopriadacich spdsobov, znizenie ale-
bo eliminacia chemikalii Skodlivych pre zivotné prostre-
die, ekologicky proces, 100 % recyklovatelny.

Kompozitné tkaniny na ochranu ¢loveka
VLIESSTOFFE/TECH.TEXTILIEN, 48, 2002, ¢. 2,
s. 16-22

Cielom vyskumného programu na Technickej univer-
zite v Texase je vyvoj balistickych ochrannych podkla-
dovych materidlov s vyuzitim najmodernejSich vyrobny-
ch technoldgii, napr. rdnovych textilii. V ramci
vyskumnej Cinnosti sa snazia pomocou technoldgie vy-
roby netkanych textilii a tkania vyvinut balisticky suport
na ochranné odevy na béze koze. Zamerom je vyroba
kvalitnych a ergonomicky tvarovanych ochrannych
odevov z kompozitného materialu koza/vlakno s balis-
tickym ochrannym ucinkom.

Obnovitelné suroviny na technické textilie
VLIESSTOFFE/TECH.TEXTILIEN, 48, 2002, ¢. 2,
s. 35-36

V septembri 2001 sa konalo v Erfurte 3. sympozium
s odbornym veltrhom na tému ,Materidly z obnovitel-
nych surovin® (lanové, konopné a tropické rastlinné
vlakna). 50 vystavovatelov a 70 odbornych prednasok
informovalo o aktualnej situacii pri ziskavani, Uprave,
spracovavani obnovitelnych surovin a aplikacii vyrob-
kov z nich (napr. oblozenie batozinového priestoru
a dveri z tvarovanych kompozitnych materidlov auto-
mobilov; morska trava — izolacné ucely v stavebnictve;
bambusove vldkna — vystuz do plastickych hmét; spev-
novanie tenkych beténovych konstrukcii konopnymi
vlaknami; nahrada sklenych vlakien v termoplastoch
konopnymi, atd.).

Laroche: Spracovanie vlakien a recyklacia odpadu
INDUSTRIAL FABRICS BULLETIN, 12, 2002, ¢. 3,
s. 38-39

Recyklacia textilnych odpadov prind$a mnohé eko-
nomické a ekologickeé vyhody. Staré textilie st dolezi-
tou textilnou surovinou buducnosti. Upravené odpady
vznikajuce pri vyrobe priadzi, ploSnych Gtvarov a net-
kanych textilii je mozné opéatovne pouzit vo vyrobnom
procese.

Textilie do automobilov
INDUSTRIAL FABRICS BULLETIN, 12, 2002, &. 3,
S. 43-44

V drioch 13.—14. marca 2002 sa konal v nemeckom
Mannheime medzinarodny kongres poriadany spolo¢-
nostou VDI — Technolégia plastickych iatok, na ktorom
sa zucastnilo asi 1300 expertov z automobilového prie-

Vidkna a textil 10 (3) 147-151 (2003)

myslu. Popri hlavnej téme ,Plasticke latky v automobi-
loch*, bol velky zaujem o ,Textilie v automobiloch®. Dis-
kutovalo sa o novych technoldgiach a trendoch u auto-
mobilovych textilii, napr. o textiliach z mikrovlakien,
stalostiach vyfarbenia automobilovych potahoviek na
svetle, vnutornom priestore automobilov, atd.

Nehorlavé viskozové viakna
INDUSTRIAL FABRICS BULLETIN, 12, 2002, ¢. 3,
s. 48-51

Vysledkom najnovsich vyvojov v oblasti nehorlavych
materialov su produkty zloZzené zo zmesi aramidovych
vlakien a nehorlavej viskézy ,Lenzing FR*. Odev vyho-
toveny z tohto zmesového materidlu sa vyznacuje
oproti odevu zo 100 % aramidu nizkou hmotnostou, vy-
nikajucim komfortom, ochranou pred vysokymi teplo-
tami, vy88ou absorpénou schopnostou, dlh§ou Zivot-
nostou, prirodzenym ,chambery“ vzhladom, lepSou
stalostou vyfarbenia na svetle, vynikajlcou odolnostou
proti Zmolkovaniu, lahkou Udrzbou, prirodzenymi antis-
tatickymi viastnostami. Odev je makky, hladky a prijem-
ny na pokozke.

Nové vysokovykonné viakno
INDUSTRIAL FABRICS BULLETIN, 12, 2002, &. 4,
8. 34-37

Holandska firma Magellan Systems International, kto-
ra bola zaloZzena v roku 1997, vyvinula novy typ che-
mickeého vidkna z polyméru na baze kyseliny 2,6-dihyd-
roxytereftalovej a 2,3,5,6-tetraminopyridinu. Nové
vlakno pod oznaéenim M5 ma vy$siu pevnost nez pa-
raaramidove a uhlikové vlakna a vy$si modul nez viak-
no PBO. V su€asnosti prebiehaju vyvojové prace; uz
teraz sa vSak pocita s komercnou vyrobou tohto viak-
na. Predpokladané pouzitie viakna M5: kompozitné
materialy, klinové remene, kable a iné technické pro-
dukty.

Hospodarna vyroba filtracnych tkanin
INDUSTRIAL FABRICS BULLETIN, 12, 2002, ¢. 4,
s. 38-39

Filtrane tkaniny, ktoré sa vyrabaju najma z chemic-
kych vlakien, ale aj z kovovych drétikov alebo zliatin ko-
vov, nachadzaju Siroké uplatnenie v réznych priemysel-
nych oblastiach (napr. kuchynskeé sitkd, technické filtre,
medicinske filtre, priemyselné filtre, atd’.). Mimoriadne
naro¢nou oblastou je papierensky priemysel; tu sa
pouzivaju Specialne filtre z tkanin. Na ich vyrobu su pot-
rebné nielen Specifické know-how, ale aj vhodné upra-
vené tkacie stroje. Firma Sulzer Textil ponuka tkacie
stroje na vyrobu takychto filtraénych tkanin v pozado-
vanych Sirkach.

Vyznamenanie pre ,Nano-Sphere R“ od Schollera

TEXTILVEREDLUNG, 37, 2002, &. 1/2, s. 33
Svajgiarska firma Schéller z Langenthalu prevzala

cenu ,Design Preis Schweiz 2001" za vyvoj na baze
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nanotechnoldgii. Tato cena sa udeluje kazde dva ro-
ky za mimoriadné dizajnerske rieSenia v kategoriach:
Industrial Design, Textile Design, Interaction Design,
Service Design. Listy ur€itych rastlin alebo kridla hmy-
zu su vzdy Cisté, pretoze Spina sa neudrzi na ich Struk-
turovanom povrchu. Tento logicky a ekologicky prijatel-
ny princip aplikuje firma Schéller aj na povrchy
textilnych materialov pomocou modernej nanotechno-
I6gie. Prvé textilie s upravou ,NanoSphere R* su uz na
trhu od zaliatku 2001.

Vlakenné zmesi s elastanom: Odporucania pre pre-
dupravu a farbenie
TEXTILVEREDLUNG, 37, 2002, €. 3/4, s. 12-16
Fyzikalne vlastnosti elastanovych viakien a textilii ob-
sahujucich elastan ovplyviiuju vo velkej miere vSetky
vyrobné operacie poc¢nuc predupravou a konéiac ko-
necnou Upravou. V prispevku su popisané najddlezitej-
Sie vplyvové veli¢iny a uvedené pokyny pre vyber pro-
duktov a upravarenskych postupov.

Nova polyesterova priadza do dekoraénych, €alun-
nickych a automobilovych textilii
TEXTILVEREDLUNG, 37, 2002, €. 3/4, s. 39

Na vystave Expofil bola po prvy raz predstavena no-
va polyesterova priadza ,Dacron hexsa"“ (so Sestkana-
lovym prierezom), ktoru vyvinula firma DuPont Sabanci
Polyester (VB). Z priadze sa vyrabaju dekoracéné, ¢a-
linnické a automobilové velury. Laboratorne skusky
ukazali, Zze nova priadza ma trikrat lepSiu pevnost
v ohybe nez priadza s kruhovym prierezom. Material sa
vyznacuje makkostou, pruznostou, splyvavostou,
dih$ou zivotnostou, odolnostou proti oderu, stalostou
vyfarbenia na svetle a v prani.

Sportové obleéenie spliujice vysoké poziadavky
s vacsou bezpecnostou
TEXTILVEREDLUNG, 37, 2002, ¢. 3/4, s. 39-40

Uz niekolko rokov vyvijaju SvajCiarska firma Christian
Eschler a japonska firma Descente oble€enie pre Svaj-
Ciarskych reprezentacnych Sportovcov, ktori sa venu-
ju alpskym disciplinam. Vyroba materialu a vyvoj apli-
kacnej metody je v rukach firmy Eschler, tlag, strihanie
a konfekcionovanie prevzala firma Descente. Bol vyvi-
nuty novy Specialny laminat a nova metéda lisovania
so $pecificky definovanymi vypuklinami esovitého tva-
ru. Tento efekt nazyva firma Eschler Spiralovity efekt
Lvotex“. Funk&nost slubuje viac stability znizenou vib-
raciou, a tym dba o vac¢siu bezpecnost v aplskom pre-
tekarskom Sporte.

Ochrana pred UV ziarenim: Aky vplyv maju iné

upravy?

TEXTILVEREDLUNG, 37, 2002, ¢. 5/6, s. 5-9
Uprava proti G&inkom UV Ziarenia sa neaplikuje sa-

mostatne, ale vacsinou s inymi upravami, napr.

zméakdovacou, nekréivou. Ci a do akej miery dochad-
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za k vzajomnym interakciam, je predmetom tohto pris-
pevku. Z vysledkov skusok vyplyva, Ze Uprava proti
ucinkom UV Ziarenia je v pripade pouzitia UV adsorbé-
rov vo véeobecnosti dobre znasanliva s inymi uprava-
renskymi efektmi.

Cistenie textilnych odpadovych vod pomocou ul-
trafiltracie
TEXTILVEREDLUNG, 37, 2002, ¢. 5/6, s. 10-14

Pri Cisteni odpadovych véd z textiiného priemyslu naj-
VacSi problém spdsobuje ich odfarbovanie. V tejto ob-
lasti existuje vela moznosti pre aplikacie baromembra-
novych technolégii, napr. reverzna osmoéza,
nanofiltratné a ultrafitratné procesy. V ¢lanku su uve-
dené vysledky Cistenia odpadovych vad obsahujlcich
reaktivne chlortriazinové farbivo pomocou ultrafiltracie.

Nanofiltracné zariadenie firmy CBW Chemie
TEXTILVEREDLUNG, 37, 2002, ¢&. 5/6, s. 37

V nemeckej firme CBW Chemie bolo nainstalované
moderné nanofiltraéne zariadenie nemeckej firmy En-
viro—Chemie. Vyrobca organickych polotovarov, aditiv-
nych latok a farbiv méze na tomto zariadeni vyrobit ro¢-
ne az 1000 t tekutych farbiv. Pomocou membranového
filtracného zariadenia sa dosiahnu vysSie vytazky (+ 8
%) a znizi zatazenie odpadovych vad solami o jednu
tretinu.

Nové povrstvovacie technoldgie pre pracovne
a ochranné odevy
TEXTILVEREDLUNG, 37, 2002, ¢. 7/8, s. 14-16
Povrstvené alebo inym spésobom upravené pracov-
né a ochranné odevy chrania jeho nositela pred me-
chanickymi, chemickymi, tepelnymi, elektrickymi, mag-
netickymi, toxickymi a ultrafialovymi vplyvmi a pouzitim
technoldgii a surovin dostupnych na trhu mézu reago-
vat na teplotu, zmenu pH, vihkost, UV a magnetické
Ziarenie, svetlo a elektricitu. Optimalne produkty na vy-
robu ochrannych a pracovnych odevov vyzaduju kom-
pletne sledovat pouzité viakenné materialy, vyrobu
ploSnych Utvarov a povrstvovanie.

Hydrofobizacia plazmou
TEXTILVEREDLUNG, 37, 2002, €. 9/10, s. 5-11

Na zaklade svojich dobrych mechanickych vlastnosti,
nizkej hmotnosti a jednoduchej spracovatelnosti na-
chadzaju polymérne materialy uplatnenie v mnohych
oblastiach. Na dosiahnutie optimalnej funkénosti je
v8ak mnohokrat potrebné modifikovat povrchové viast-
nosti, ako napr. zmacatelhost, hydrofébnost alebo che-
micku funkénost a prispdsobit ich ucelu pouzitia tak,
aby nedo$lo k negativnemu ovplyvneniu objemnosti.

Polyamidové vlakno s ochrannym faktorom 60

TEXTILVEREDLUNG, 37, 2002, ¢. 9/10, s. 37-38
Nemecka firma BASF vyvinula polyamid, ktory chrani

pred ucinkami UV ziarenia. Aditivna latka — oxid titani-
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ity sa pomocou Specialnej technoldgie rozptyli (velkost
Castic 500 nanometrov) v polyamide tak, aby sa dosia-
hol vysoky ochranny faktor, a aby sa dali eSte vypriast
z polyamidu jemné priadze. Produkt pod nézvom ,Ul-
tramid BS516N" ponuka firma v granulovanej forme.

Hydrofébna uprava — oleofébna uprava: Nové vy-

voje

TEXTILVEREDLUNG, 37, 2002, ¢. 11/12, s. 14-19
Ciefom $pecidlnych chemickych Uprav je obalit jed-

notlivé textiiné vliakna hydrofébnym alebo oleofdbnym

prostriedkom na baze polymeérov zo silikénov alebo
fluérovanych uhlovodikov tak, aby textilie boli aj nadale;j
priedusné. Hydrofobne alebo oleofébne Upravy su vel-
mi dblezité aj pre oblast netkanych textilii a technickych
textilii. Nemecka firma Bayer Chemicals uvadza na
eurdpsky trh novy, slabo kationovy produkt na baze
fluérkarbonovej zivice ,Baygard UFC*, ktory sa pouzi-
va na hydrofébnu a oleofébnu upravu Sportoveho ob-
leCenia, obleCenia do dazda z chemickych alebo pri-
rodnych viakien.
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