
Rodnlk 11,
2(J-q-4

tss l t  1335-0617

lndexed in:

Chemical
Abstracts,

World Textile
Abstracts

E M BASE

Elsevier
Biobase

Elsevier
GeoAbstracts



Vldkna a textil (4') 2OO4
Fibres and textiles (4) 2OO4

CONTENTS OBSAH

FIBRE.FORMING POLYMERS VLAKNOTVORNE POI-YUENY

119 Marciniin A., Jurenkovd M., Kublikovd M., Hricovd M., 119 Marciniin A., Jurenkovd M., Kubt'ikovd M., Hricovd M.,
Borsig E., Brejka O. Borsig E., Brejka O.
Polypropylene fibres modilied by nano-TiO, and Polypropyl6nov6 vldkna modifikovan6 nano-TiO,
montmori l lonites a montmori l lonitom

124 Hricovd M., Marciniin A., Brejka O. 124 Hricovd M., Marcindin A., Brejka O.
Interaction ot particles in pigmented polyester Vziijomn6 interakcie dastic v pigmentovanom polyestery

TESTING SKOSOBNE METODY

129 Prousek J., Palackov1 E. 129 Prousek J., Palackovd E.
Utilization of Fenton reaction for the degradation of dyes under Pouiitie Fentonovej reakcie na degraddciu farbiv v kysllich
acidic and neutral pH conditions a neutrdlnych podmienkach pH

133 Alamdar-Yazdi A. 133 Alamdar-Yazdi A.
Shearing properties of skewed woven fabric Strihovd vlastnosti zoSikmenlich tkanfch textilii

RESEARCH VVSKUM

140 HricovA M., Marciniin A. 140 Hricovd M., Marcincin A.
The inf luence of pigments on structure and propert ies on Vplyv pigmentov na Struktfru a vlastnosti  syntet ickych
chemical f ibres. l l l .  Part vldkien. l l l .  Cast

147 Bcihovd E., Ujhelyiovd A., Marciniin A. 147 Bolhovd E., Ujhelyiov1 A,, Marcindin A.
The modif icat ion of polypropylene in orderto colouring of PP Modif ikdcia polypropyldnu za [6elom farbenia PP vl6kien
fibres by classic way from bath. l .  Part klasicklm postupom z k0pel 'a. l .  Cast

154 Urban G. 154 Urban G.
Analysis o{ the influence on machine revolution on the thread Analfza vplyvu otd6ok stroja na nit

NEWS FROM DEPARTMENTS Z VEDECKO-VVSTUNATVCN A VVVOJOVfCH PRACOV1SK

156 Education ol specialist for textile and closing profession at 156 Vlchova odbornikov pre textiln0 a odevn0 prax na FPT Tnt,
FPT TnU A. D. in Ptchov A. D. v Prichove

157 NEWS FBOM MAGAZINES 157 ZO ZAHRANICNVCH CASOPISOV

158 FROM CONFERENCES 158 Z  KONFERENCI i

vlAkna a textit 11 (4) 117 (2004) 117



VdZeniditateld

Viiroba texti l i i  pati i k nejstar5im odvdtvim prfrmyslu a souvisi bezprostiedn6 s rozvojem lid-
skd spolecnosli (,,Lidd maji piedevSitn potiebu jist, oblekat se a bydlet'). Ovliviuje a je ovlivrio-
vdna rozvojem cel6 iady j inyTch odvdtvi, zejm6na strojirenstvim (vysok6 rychlosti stroji, vysoka
piesnost mechanismrj, specidlni probl6my manipulace s mate116lem atd.), chemii (organick6 a ne-
organick6 vl6knotvorn6 polymery, syntetick6 barviva, specidlni ipravy), ale tak6 elektronikou
a automatizaci (prvni pouZiti d6rn17ch Stitk0, komplexni i izeni barvicich procesrl, pouZiti kognitiv-
nich robotrl, atp.). Produkty texti lni vlroby t. j. texti l ie se dnes pouZivaji nejen pro oddvni u(ely
(spotieba od6vnich textilii souvisi piimo s velikosti lidsk6 populace), ale tak6 pro technick1 apli-
kace ( spotieba technicklich texti l i isouvisi s vyspdlosti I idsk6 spolednosti). Materi6ly vyroben6 tex-
ti inimi technologiemi se dnes v rozhodujici miie podileji na rozvoji noviich materidl0 zaloZenfch
nab6zi kompozit. Tyto materidly zasahuji tnj'razn6 nejen do klasickiich odv6tvijako je stavebnic-
tvi a automobilov! resp. leteckf prfrmysl, ale tak6 do oblasti kosmonautiky, mediclny, ekologie
a ochrany 2ivotniho prostiedi.

V Ceske republice md texti lni vl izkum dlouholetou tradici. Vznikly zde svdtov6 proslu16 pa-
tenry na bezvietenov6 piedeni a tryskov6 tkani, unikdtni technologie a stroje jako rotadnif ilmoini tisk, netkane textilie typu Arach-
ne, maloprrimdrov! pletaci stroj s individudlnivolbou jehel a pln6 automatizovand piadelna. Z nov6jSich risp65nfch patenti, kter6
jiZ byly realizov6ny v no4ich texti lnich strojich a zaiizeni lze jmenovat technologii STRUTO (TUL Liberec), specidlni tkaci techniku
(VUTS Liberec) a nov6 principy piedeni (VUB Usti nad Orlici). V oblasti vyiroby PA vl6ken risp6Snd patentovala skupina, ve kter6
p&sobil akademik Wichterle. Pracovnici VUP Brno navrhli a realizovgli integrovan6 texti l ie iadu let piedtim ne2 analogickyi produkt
COOLMAX zadala produkovat Spickovd americkd firma DuPont. V soueasn6 dobe jsou texti l ie tohoto typu zaloZend na p0vodnich
patentech produkov6ny Usp65nou deskou f irmou MOIRA. Tento ne0plnf uidet svdddio zvld5tnim postaveni a pietrvdvajici prestiZi naSi
republiky ve sv6tov6 textilni komunit6.

Na podporu dlouhodob6ho koncepdniho rozvoje ve vybranfch klicovlich oblastech v6dy a viizkumu eR Oyt v r. 1999 vypsdn
program ,,vlizkumnd centra". Jedn[m z [sp65n!ch projekti bylo centrum TEXTIL (ie5eni v letech 2000-2004) zam6ien6 na vlvoj
vybranlch stroji vdetn6 jejich iizenis vyuZitim mechatronicbich principri, poditadem podporovan6 projektovdnitextilii, specidlni mdiici
piistroje a tzv. inteligentni texti l ie.

Dlouhodob! vlzkumnf program nov6ho centra TEXTIL l l (2005-2009) navazuje na vlisledky piedchoziho projektu. Je orien-
tovdn piedev5im na koncepinl a aplikaini vlzkum v oblastech konstrukce a optimalizace textilnich struktur, konstrukce textilnich
stroj[r vcetne pouZiti mechatroniky a souvisejiclch technologii, rni robkovlich inovacivy55iho iddu pro specldlniochrann6 textilie a uplat-
ndni novli 'ch materidhi pro konstrukci specidlnich senzor0 a didel na texti lnich vfrobcich..

V oblasti texti lniho strojirenstvi bude pozornost vdnovdna konstrukci stroji pro speci6lni netkand texti l ie a piedeni se zamdie-
nim na nov6 principy, komplexnf i izeni a automatizaci. Vfzkum a vyivoj technologie a vlroby netkanych texti l i i  bude zam6ien na
uplatn6nltechnologiIz nekonednlch vldken (3DSPUN) v produktech s programov6 iiditelnou tlouStkou, strukturou a povrchem. Bude
orientov6n na konstrukci a ov6ieni unikdtni technologick6 l inky. Navrhovan6 ie5eni vychdzi z pfrvodnich princip0, kter6 jsou pir-
praveny k patentovd ochran6. Tato nov6 technologickd l inka bude navrZena na bdzi elektricklich hiidelia vadek, coZ umoZnivaria-
bilni i izeni podle poZadovan6 struktury a vlastnosti produkt0 pouze zmdnou iidicich algoritmi. Pro stabil izaci struktury bude vyuZi-
to principu lvorby quasi piizi na povrchu texti l i i .

V oblasti piedeni, kde md 0esk6 republika dlouhou tradici a prvenstvi v zdkladnich patentech, bude vlizkum zam6ien na zvli-
Seni efektivity qi roby piize s vlraznlim zvli5enim automatizace dopiadaciho procesu. Konecnfm cilem je pfrvodni ie5eni automa-
tizovan6 bezvietenov6 piadelny s plnd automatizovanou manipulacl s materi6lem a kognitivnim iizenim. Kromd tohoto komplexni-
ho 0kolu budou ieSeny n6kter6 krit icke uzly bezvietenov6 spiddaci jednotky, jako je rozvdddni, uplatnenf kuZelovd civky a nov6
elektrick6 pohony. Bude pokra6ovdno ve vlvoji vybranlch mechatronickfch uzhi. Konkretne se bude jednat o 0lohy rozvdddni pii-
ze s ohledem na kvalitu ndvinu a dynamick6 namdhdni mechanickfch d6sti rozv6d6cich mechanismi, sniZovdniztrdt zprisobenfch
ventiladnimi odpory ndvinu pii vysoklch otddkdch vieten, nov6 principy tvorby samonosnlch civek a optimalizace nahonu sousta-
vyvieten texti lnlch strojri s vyu2ivdnim modernich princip0 pienosu ndhonov6 sily natexti lnivfeteno.

V technologick6 oblasti bude ddle pokra6ovdno ve vyzkumu a vyivoji v oblasti podita6em podporovan6ho projektovdni a ex-
pertnich syst6mi umoZiujicich komplexnioptimalizaci vyirobki s piedem zvolenlTmi parametry. Tento piistup nahradiempiri i v na-
vrhovdnl texti l i ia usnadnI pouZiti novSich materi6lfr.

Novd budou zaiazeny 0lohy tlkajici se specidlnich senzori pro texti lnl aplikace a upevriovdni aktivnich ldtek na povrchu textr-
l i i  s vyuZitim norlich princip0 (zapouzdiov6ni aktivnich 6dstic, vyuZiti latek cit l ir4ich na vndjSi podm6ty resp. inteligentnich polymer-
nich gel0) a zdrojri energii (mikrovlny, plasma, laser, elektro-polymerizace). Budou ov6iovdny mo2nosti aplikace noln/'ch princip0
konstrukce inteligentnich texti l i i ,  vyuZiti enzymornj'ch technologii a odpad0. V t6to oblasti budou na zaklacid ziskanfch informaci ge-
nerovdny postupn6 dal5i dilci projekty.

Budou vyvijeny nov6 m6iici a testovaci metody. Pro popis korelaci nestaciondrnich fluktuadnich a termicklch dejri a pro mo-
delovdnitexti lnich procesrJ vAzanych na pienos hybnosti, hmoty a tepla bude vyuZito piedevSim laserov6 anemometrie, interfero-
meirie a holografick6 interferometrie. Bude pokracovdno ve vlivoji automatizovanlTch m6iicich piistrojrl pro hodnocenitexti l i ia vld-
kennyich struktur, inteligentnich snimad0 a mdiicich syst6mtl pro texti lni stroje.

Prof. Ing. Ji i i  Mil i tkl i ,  PhD.
Dekan TU v Liberci,  cestn! 6len redakdnej rady
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poLYpRoPYLENE FIBRES MODIFIED BY NANO-T|O2 AND
MONTMORILLONITES

Marcindin A.; Jurenkovd M., Kubikovd M., Hricovd M., Borsig E.,
Brejka O..

Slovak University of Technology in Bratislava, Depaftment of Fibres and Textile Chemistry,
Radlinsk6ho 9, 812 37 Bratislava, SK,

e-m ai I : anton. m arcincin @ stu ba. sk

* Research lnstitute for Man-Made Fibres, Sttrove 2, 059 27 Svit, SK

The paper deals with the preparation conditions, structure and properties of nanocomposite
fibres based on synthetic polymers (polypropylene (PP), polyamide 6 (PAO) and polyethylene
terephthalate (PET)), inorganic fil lers NanoTiOr, and layered silicates. The concentrates of the
solid nanoadditives for modification of the polymers before spinning were used. In the experi-
mental work the investigation of the rheological properties of polymer melt containing inorganic
solid particles as well as the morphology and selected properties of composite fibres are pre-
sented. Some correlations between the rheological properties of concentrate dispersion of
nanoparticles and properties of nanocomposite fibres such as external and internal unevenness
and mechanical-physical properties are discussed as well.

Key words: nanocomposites fibres, nanopigments, rheological properties, unevenness of fibres.

lntroduction

Silicate nanofillers in thermoplastic polymer can act
mainly as a reinforcing phase and improve the mecha-
nical physical properties of engineering polymers and
synthetic fibres [1-4]. Besides, they can improve such
key properties of polymers as thermal stability, flamma-
bility, optical properties, permeability, barrier against
radiation and thermo-regulatory properties. Other types
of nanoscale composites are based on the high disper-
sion degree of fillers and pigments such as TiO2, soot
and orEanic pigments [5]. These nanocomposites pro-
vide an enhancement of the colour strength of pigmen-
ted fibres, a barrier against UV radiation, and improve
the dimensional stability of polymer products and the
exhaust dyeability of fibres [6, 7].

The third class of polymer nanocomposites is based
on an application of metal or other conductive nanopar-
ticles in a polymer matrix to obtain electrical and ther-
mo-conductive polymers and fibres, materials with mag-
netic properties, bioactive polymers and fibres [8, 9].
Special polymer blends and blend fibres with a polyfib-
rilar structure with or without solid nanoparticles, repre-
sent the fourth important class of polymer composites
with a multiplicative modification effect at a low concen-
tration of additives. A co-continues phase of dispersed
polymer containing the active nanoparticles can signi-
ficantly enhance the electrical conductivity of polymer
at the same concentration of particles in conductive
phase. ln addition, the mechanical properties such as
elasticity of the fibres can be enhanced [10].

vldkna a textil 11 A\ 1 1 9-1 23 (2004)

Nowadays, many polymer nanocomposites with
unique properties can be used and applied in fibre and
textile technology. They provide advanced nanocompo-
site fibres for clothing and technical applications. The
positive effect of layered silicates on the mechanical
properties of polypropylene fibres was discovered at
various deformations and orientations of polypropylene
fibres using the organophilic-layered silicates Somasif
ME [4]. The exfoliation of silicate plates into nano-dis-
persion was confirmed by TEM (transmission electron
microscopy).

The nanodispersion of layered silicates was found in
syndiotactic PP (sPP) at a high draw ratio [11]. The
modification of synthetic fibres by silver nanoparticles
is very interesting from the point of view of the develop-
ment of antibacterial fibres and fibres with dyeability
from a bath [12].

Polymer nanocomposites based on layered silicates
and polyamide (PA) [2, 13], polypropylene (PP) [14],
and polyester (PES) [15] have a special importance for
their application in fibre preparation. Their involvement
in fibre production depends on the ability to form the
nanodispersion in polymer melt before spinning. Con-
temporary experience shows the additional necessity to
use a suitable compatibiliser for preparation of polyole-
fine nanocomposites 14, 1 1, 1 41.

In this paper some experimental results concerning
the application of inorganic nanoadditive in the prepa-
ration of PP, polyethylene terephthalate (PET) and PA6
modified fibres as well as the preparation of polypropy-
lene - montmorillonite nanocomposite fibres are pre-

1 1 9
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sented. The rheological properties of polymer nanodis-
persions and the structure and selected propefties of
nanocomposite fibres are discussed in this paper as
well.

Experimental

Material used

lnorganic additives:
- Montmorillonite (M MT) K- 1 0, 220-27 0 m' I g, Ald rich
- Montmorillonite (MMT) KSF, 2040 m'lg, Aldrich
- Somasif ME 100 (SME 100), organophil ic layered

MMT, ChemicalCo, Japan
- NanoTiO2 - Hombitec S100, Sachtleben Chemie

GmbH, Austria

Polymers:
- Polypropylene HPF - powder (PP HPF), Slovnaft

Co,  MFI  = 5,0 g/10 min
- Polypropylene TG 920 (PP TG 920), Slovnaft Co,

MFI=  12 ,5  g /10  m in
- Polyamide 6 (PA6), Nylstar Co, nrer(H2so4)= 2,6
- Polyethylene terephthalate (PET), SH Senica,

lV = 0,65 Lg-1

Concentrates were prepared using a twin-screw ex-
truder ($ 28 mm) under standard conditions:

a. PP HPF + 5% NanoTiO2(270 "C); PA6 + 5% Na-
noTiO, (280 "C); PET + 5% NanoTiO2 (295 "C)

b.  PP + 10% MMT K-10;  PP + 10% MMT KSF;  PP +
1O% MMT K-10 + 5% NSPO; PP HPF + 10% MMT
KSF + 5% NSPO were prepared at 250'C

c. PP HPF + Somasif ME 100 (SME) (1, 3, 5 wt%) +
20% PP-g-MA using twin screw extruder at 190-
230 "C

Nanocomposite fibres:
The model nanocomposite fibres containing MMT K-

10 and MMT KSF were prepared using laboratory spin-
ning equipment with an extruder 0 =16 mm at 250'C
and a take uo of 150 m.min-r. The fibres were drawn on
a ratio l" = 3. The model composite fibres containing Na-

Fibres-Forming polymers

noTiOr were prepared using laboratory spinning equip-
ment with an extruder d = 32 mm and the following tem-
peratures: for PP 275"C, for PAO 280 "C and for PET
295 "C. The fibres were drawn on i. = 3. The linear den-
sity of the fibres was: PP-NanoTiO2 - 136 dtex, PAO -
NanoTiO2 1 13 dtex and PET - NanoTiO, 134 dtex.

Methods used

Rh eolog ic al prope rti e s.
The Gottfert extrusiometer for measurement of the ba-

sic rheological parameters was used. Temperature of
the measurement was the same as in spinning (for PP
275'C, for PA6 280'C and for PET 295'C). The vis-
cosity q (n =t.f Newton law), power law index n (n =
k.'in, Oswald de Waele) and coefficient of empirical equ-
ation logrl =logn,in * tr..f -t, where r - Shear stress and
L - coefficient of agglomeration, lmin - the lowest vis-
cosity, f * shear rate, K - coefficient, as the main qu-
antities were evaluated.

The external unevenness of the fibres as an uneven-
ness of the fibre's diameter statistically on 10 m length
using a light microscope was measured and expressed
by coefficient of variance of diameter (CVJ.

The internal structural unevenness of the fibres as
unevenness of tenacity of the fibres using Instron 1 1 12
was evaluated and expressed by coefficient of varian-
ce of tenacity (CVr).

Resul ts  and d iscuss ion

The mutual interactions of the NanoTiO, particles,
their interactions with the polymer and compatibiliser as
well as the effect of the technological conditions on the
dispersion structure, the agglomeration abil i ty of the
particles and their distribution in the polymer matrix were
investigated in the experimentalwork. The rheological
properties expressed by some parameters of the em-
pirical rheological equations sensitively reflect these
changes in the structure of the solid particle dispersion
in the polymer melt.

Table 1 Rheological characterist ics, power law index n, agglomeration coeff icient and viscosity of the polymer composites at the
tempera tures  PP 275 C,  PAO 280 'C,  PET295 'C,  PP +  MMT 250 'C

Sample
lt  IPa.s]n l "

y  = 5 0 [ s - 1 ]  i  =  1 0 0 [ s - 1 ]  i  = 3 0 0 [ s - ' ]  i  =  5 0 o l s - ' l

P P
PP + NanoTiOz (5%)
P46
PA6 + NanoTiO, (5%)
t-ts I
PET + NanoTiO2 (5To)
P P  +  M M T  K - 1 0
PP +  MMT KSF
PP + MMT K.1O +  NSPO
PP + MMT KSF +  NSPO

n A e

0,51
0,73
0,70
0,63
0,59
0,63
0,56
0,46
0,38

0 , 1 1
0,06
0,05
0,05
0,03
0,03
0,06
0 , 1 1
0,24
0,37

t o

+1

I  l J

9S
53
35
67
100
125
l z J

99
53
1 3 1
t t c

o l

B 1
125
I or+

170

1 6 6
: r l

1 7 7
'1 61
82
AN

t z z

203
299
ee' l

230
1 2 7
213
1 9 9
98
90
1 5 8
276
435
520
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4- PA6+NanoTiO, (280'C), 5 - PET, 6 - PET + NanoTiOz (295"C) (a); Dependence r'1 on f for PP and concentrates containing
10% MMT;  1  -PP,2-  PP+MMT K-10,3-  PP+MMT KSF,4-  PP+MMT K-1o+NSPO,5-  PP+MMT KSF+NSPO at  250 'C (b )

The rheological behaviour of the NanoTiOr dispersion
in the synthetic polymers reveals a small decrease in
the power law index of 5% dispersion of solid particles
in PP, PA6 and PET in comparison with the unmodified
polymers. The decrease of the viscosity of the polymer
dispersion of NanoTiO2 and the increase of the power
law index n with regard to the polymer values are not
common phenomena and can be caused by a contribu-
tion of the organic phase on the NanoTiO2 surface (15
wt%), with degradation during the grinding of the poly-
mers and by the preparatory conditions of the concen-
trates. In any case the presence of the solid particles of
NanoTiO2 does not increase the viscosity of the disper-
sion in the whole range of the shear rate (Table 1, Fi-
gure '1a). The same rheological behaviour of montmo-
rillonites in the PP carrier is observed fiable 1, Figure
1b).  The addit ion of a dispersing agent-compatibi l iser
based on polypropylene oxidstearine (NSPO) leads to
an increase of the viscosity of the MMT dispersion more
than two times compared with PP and more than three
times compared with dispersion without a compatibili-
ser. NSPO acts very efficiently and causes "effective
increase" the solid particle concentration in the disper-

sion. The increase of the viscosity results from an incre-
ase of degree of dispersion of the solid particles. The
results reveal that potential nanoadditives without a
compatibiliser create a typical microdispersion in poly-
propylene fibres. The presence of the compatibiliser at
the same concentration of solid particles affects the
essential growth of the number of particles in the dis-
persion with a subsequent increase in viscosity and a
decrease in their diameter. The rheological behaviour
of the dispersion reveals nanoscale level of the solid
particles in polymer melt.

The rheological properties of the solid particle concen-
trates and the interaction of the components of the dis-
persion effect the "technological miscibility" of the con-
centrate and polymer before spinning and the selected
properties of the modified fibres.

According to the three-layer model for immiscible
polymers, the miscibility of the concentrate dispersion
of the solid particles with the polymer in a molten state
depends on the viscosity ratio of the dispersed phase
and the polymer matrix. The same or lower viscosity of
the concentrate relating to the polymer leads to favou-
rable conditions for preparing the blend. The level of the

1 0 , 5

t'

-'6x

f.
s 7'5
> '  n c
O

4 ,5

0,1 0,2 0,3 0,4 0,5 0,6 0,7

Content of l.JanoliO2 [%]

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
Content of MnoIO, [%]

b)a)

Fig. 2 Dependence CVo on concentration NanoTiO, for drawn fibres (a) and dependence CVt on concentration NanoTiO, for drawn fibres
(b); 1 - PP+NanoTiO2, 2 - PA6+NanoTiO2, 3 - PET+NanoTiOz

vakna a textil 11 (4) 1 1 9-1 23 (2004) 121
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Table 2 Tensi le strength and coeff icients of the variat ion of the
nanocomoosite PP f ibres

No Sample
Tenacity CVr Elongation CV.

[cN/dtex] t%l I%l l%l

Fibres-Forming polymers

The results reveal that at a low concentration of Na-
noTioz, CVl and CVo decrease in comparison with the
unmodified fibres. The higher concentration of Nano-
TiO, leads again to an increase in the fibre's uneven-
ness. These phenomena are known in practice. Solid
particles such as pigments and fil lers in a low concen-
tration are able to suppress the elasticity of polymer melt
and improve the flow properties of polymer melt in the
spinning process. A higher concentration of the disper-
sed phase can lead again to a higher inhomogenity and
higher unevenness of the f ibres.

In spite of the lower general unevenness of the com-
posite fibres, a decrease in tenacity, proportional to the
content of the nanoadditive for all kinds of fibres, was
observed (Figure 3a). A similar decrease in the tenaci-
ty of the composite fibres based on montmorillonite and
also fibres modified by the nanoadditive Somasif were
discovered (Table 2) in spite of the nano-size of the dis-
persed silicate particles (Figure 4). The positive effect
of NanoTiO2 on the unevenness of the fibres shows on
the higher homogeneity of the structure of the modified

0 0 ,1  0 ,2  0 ,3  0 ,4  0 ,5  0 ,6  0 ,7
Content of MnoTlOz [%]

b)

fibres. That leads to a decrease in shrinkage of the fibres
and an increase in the stability of their size (Figure 3b).

Conc lus ion

The application of NanoTiO, and montmorillonite in
the preparation of PP, PA6 and PET fibres improves the
rheological propefiies of the solid additive concentrates,
decreases the geometric and structural unevenness of
the modified fibres, as well as increases the dimensio-
nal stability of the annealed composite fibres.

In spite of the higher structural evenness of the com-
posite fibres their tenacity decrease proporlional to the
content of the additive in the case of the nano-size of
the sol id part ic les (Somasif  ME 100).

Suitable dispersing agents, e.9., compatibilisers, for
increasing the degree of dispersion of the nanoadditi-

1 PP (100%)
2 PP+MMT KSF
3 PP+MMT K. IO+NSPO
4 P P
5  P P + 1 %  S M E  1 0 0
6 PP+3% SME 100
7 PP+s% SME 100

4,6
4,5

1 , 5
1 7

2,3

2,7  27 ,5
. I  R  ' A '

1 ,7  26 ,7

-  2 4 2
- 26,1

homogeneity of the "concentrate-polymer" blends can
affect both the external and internal unevenness of the
modified fibres. The external unevenness of the fibres
modified by inorganic particles was evaluated by means
of the coefficient of variance of the fibre diameter CVo
(Figure 2a). The internal unevenness of the composite
fibres was determined by the coefficient of the variation
of the tenacity of the fibres CV1 (Figure 2b).
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Fig. 3 Dependence of the tenacity of the fibres on the concentration of NanoTiO, (a). Shrinkage oi the nanocomposite libres versus contenl
o f theNanoTiO2ata tempera ture l30"C(b) .  1 -PP+NanoTiO2,2-PA6+NanoTiOr ,3 -PET+NanoTiOz

* i ; . ;

Fig. 4 Paral lel cut of PP - Somasif ME 100 nanocomposite f ibres
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ve in the f ibre-forming polymer, especial ly in PP are
required.

The rheological beha,riour of the concentrates of the
inorganic nanoparticle additives is important from the
point of view of processing in the mixing of components
in a molten state and in spinning.
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Polypropyl6nov6 vldkna modifikovan6 nano-Tio2
a montmori l loni tom

Translation of abstract:
Polypropylene Fibres Modif ied by nano-TiO2 and Montmori l loni tes

etanok sa zaoberd podmienkami pripravy, Struktrirou a vlastnostami nanokompozitnfch vl6kien
na b6ze synteticklich polym6rov (polypropyl6n, polyamid 6 a polyetylen tereftaldt) a anorganicklch
pln[v ako NanoTiO, a vrstevnatych silikatov. V experimentdlnej dasti prdce sa hodnotili reologick6
vlastnosti polym6rnej taveniny obsahujtcej tuh6 anorganickd dastice, d'alej morfologia a vybran6
vlastnosti kompozitnfch vl6kien. Sri hodnoten6 aj niektor6 korel6cie medzi reologicklmi vlast-
nostami castic koncentriitov a vlastnostami nanokompozitnlich vldkien ako s0 vonkaj5ia a vnfrtornd
nerovnomernost a mechanicko-fvzikdlne vlastnosti.
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INTERACTION OF PARTICLES IN PIGMENTED POLYESTER
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e-m ail: m arcel a. hricova @ stuba. sk

* Research lnst i tute for Man-Made Fibres. Sturove 2, 059 21 Svit.  SK.

The paper  dea ls  w i th  the  prepara t ion  cond i t ions  and in te rac t ions  o f  components  in  p igmented
polyesters. Polyester - black pigment - dispersant composition and interactions of these compo-
nents in  concentrate d ispers ion and in p igmentat ion of  f ibres are in terest ing f rom the academic
and a lso f rom the pract ica l  points of  v iew.  In the exper imenta l  work the rheological  method has
been used for  est imat ion of  the in teract ions of  components in  polyester  b lack p igment  concen-
t rates and for  evaluat ion of  the aggregat ion abi l i ty  of  p igment  par t ic les in  polymer mel t .  Fur ther ,
the correlation of the selected rheological parameters of pigment concentrates and the mechani-
cal - physical properties of pigmented polyethylene terephthalate (PET) fibres are discussed. In
the case of  p igmented polyester  f ibres the micro and nano d ispers ion level  of  the b lack p igment
particles is assumed.

Key words: black pigment, concentrate, pigmented polyester.

Introduction

Black pigments are very often used for mass colou-
ring of polyester products such as fibres and foils. An
extremely high degree of dispersion of the solid particles
close to nano size is perpetually requested, mainly for
fibres with a low linear density. In general, a two-step
process is needed to obtain an extremely high degree
of dispersion of the solid particles in polymer melt. The
first step consists in the preparation of the concentrate
dispersion of the solid particles (30-50%) in the poly-
mer carrier as a rule. In the second step the pigment
concentrate is dispersed in the basic polymer; and the
final concentration of the solid particles depends on ihe
ratio of the polymer-concentrale. The properties of the
components and mixing conditions have to be selected

Iarge si.ze,
low strrcfure,
lorrcst viscisity,
highest loailing,
treast ellectically conilurtive

ffiW

easifst to dispeme,
rwakest colour,
blueest tolrr

rnost ilifrcult to rlispense,
stugesl colour,
bnurrest tone

ry

h[hest viscosig',
lowest loaiing,
rnost elnctically conrluctir e

s
* $
TP -F

r%t%

$*"

and optimised to get a high degree of solid particle dis-
persion without large agglomerates. On the other hand,
the higher the degree of dispersion, the greater the abi-
lity to create particles agglomerates in the dispersion
and the lower stabi l i ty of  the dispersion (Figs. 1,  3).

+i..,;,:1 
, *.1;,i4; ;; . u;,*" ri* "i*t 

". 
- l1 r,l;r. ,,,'

*  # , ;* . .  , . '  r '  ,  , .* .  
, "  , , , { '  :  . .  . :  . . ,* 

" r't*-'';i$e". "l iil"."'i1', ''
1 r' , e, .r*,ff;:l;fr : ' '" r. u'' i ,:' 

- ''' '"

i . : , '"  , , : i  r"d..f*" i ,  l ,  
. . ,  .-r" . , f?" ; '  

' ' , t . t

* 
:i *.-' ' "":], a;J'1.:i'* 

:,; ."d1a -i" 
{ f . 

" 
' ,

,l:,f ,,. 
'*1ijQ "t, '' ,.1.9 ";, **1* {1.' ,i 

' *'

ffit,." ":.;;11,,3., 
*.,,ii.,'#' 

":"' -
";f *i*t+ti. ffi,,;'u,o'., e: *$,,; z"

Fig.2 Black pigment with an average part icle size about: 14 nm
(small particle size) 2a,50 nm (large particle size) 2b.
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Fig. 3 Carbon black aggregate formation

Recently, selected rheological parameters were used
for the indirect estimation of the degree of change in the
dispersion of the solid particles during the dispersal of
the pigments in polymer melt [1, 2]. Changes in the vis-
cosity of the dispersion, in the power law index and in
the,,agglomeration coeff icient" i ndicate the ag gregatin g
ability of solid particles in a polymer medium. They also
provide basic information about the rheological behavio-
ur of dispersion in the mixing process of concentrate
solid particle dispersion with a polymer in a melt state.
The technological miscibility of concentrate dispersion
with basic polymer can be estimated using a three-lay-
er model for immiscible polymers. The model provides
information about the shear rate in components in de-
pendence on total shear stress under laminar flow con-
dit ions [3,4].

ln this paper the rheological properties of polyester
black pigment concentrates from the point of view of
pigment dispersability are investigated. The selected
rheological parameters related to the technological
miscibility of the concentrate with polyethylene tere-
phthalate to the structural unevenness and the basic
mechanical propefties are discussed as well.

Experimental

Polymers and additives used
- Polyethylene terephthalate (PET A), SH Senica,

SK, [t1]= 0,651.9-1
- Polyethylene terephthalate (PET L), carrier, SH Se-

nica, SK, [n] = 0,55 l.g-'
- Polybuthylene terephthalate (PBT), carrier, Celane-

se, USA
- Licowax E (LiE), polyester wax (montane wax).
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Fibres-Forming polymers

Pigments:
C.l.  Pigment Black 7

- Black Pearls 4560 (8.P.), Cabot, USA, BET
surface area2SO m27g, average primary particle
size 1B nm

- Printex LO (P.LO), Degussa, D, BET surface area
1 15 m2/g, average primary particle size 25 nm

Preparation of polyester concentrates and
polyester f ibres

The pigment concentrates in the polyester carriers
PET L and PBT were prepared using the Werner Pfflei-
derer twin screw extruder (0 = 28 mm) at 280 "C. The
polymer powder and pigment with dispersant and sta-
biliser were mixed in a fluid mixer 3 min and subsequ-
ently melted and mixed in a twin screw extruder 0 = 28
mm. The concentrate dispersion in a chips form contai-
ned 30 wt.% of black pigment,

The laboratory spinning equipment with an extruder,
0 = 30 mm, was used for preparation of the pigmented
PET fibres (based on PET A). The polymer and concen-
trates were dried at 170 "C for 4 hours before spinning.
A low speed spinning method with a take up of 1 000
m.min-' with standard cooling under a spinneret was
used. The fibres were drawn on a ratio of 1:3 at a tem-
perature of 140 'C. The linear density of the fibres was
Ta, = 160 dtex x f40. T,no = 4,0 dtex. The total concen-
tration of the pigment in the PET fibres was 1 wt.%.

Methods

The Gdttf ert-type rheoviscosimeter for measu rement
of the rheological properties of the polyester concentra-
tes and PET A was used. The equipment is based on
a single extruder for melting and pressure development
in front of the capillary (0: 2 mm). The melt is extruded
through the capillary continuously. The pressure in front
of the capillary and the extrudate volume was used for
an evaluation of the basic rheological parameters of the
polymer melt.

The basic mechanical - physical properties of the
PET pigmented fibres were measured using an Instron
1112 instrument. The fibres before measurement were
annealed at 120 "C for 30 min without shrinking (at a
constant length). Their tenacity, elongation and coeffi-
cients of variance for estimation of the internal (struc-
tural) unevenness of the fibres were evaluated.

Resul ts  and conclus ion

The concentrate dispersion of pigments both Printex
LO and Black Pearls 4560 in the PET L carrier exhibit
in comparison with a similar composition of PBT con-
centrates: a higher deviation from Newtonian behavio-
ur, a higher agglomeration ability and a higher viscosi-
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Table 1 Rheological characteristics of PET L pigment concentrates:

Fibres-Forming polymers

power iaw index n, agglomeration coefficient l, and viscosity 4

Sample Ipa.s]
- i = 5 0 [ s - 1 ]  i = 1 0 0 [ s ' ]  i = 1 5 0 [ s r ]  f  = 3 0 0 [ s - 1 1

PET A
PET L
PET L + P.L6
P E T L + P . L 6 + 1 % L i E
P E T L + P . L 6 + 3 % L i E
PET L  +  B.P.
P E T L + 8 , P , + 1 % L i E
P E T L + 8 . P . + 3 % L i E

n o l

n o l

0,45
0,30
0,28
0,49
0,42
0,39

o,a2
0,01
0,43
0,49
0,56
0,30
n  e l

292
l z z

827
798
b d d

591

558

248
1 0 5
3 1 0
227
190
236
t Y o

187

264
1 1 1
453

312
337
294
286

1 1 5
566
490
418
415
373

Table 2 Rheological characteristic of PBT pigment concentrates: power law index n, agglomeration coefficient )" and viscosity n

Sample IPa.s]
i = 5 0 [ s r ]  i  =  1 0 0 [ r ' ]  i =  1 5 o l s - l ]  i  = 3 0 0 [ s r ]

PET A
PBT
PBT + P.L6
P B T + P . L 6 + 1 % L i E
P B T + P , L 6 + 3 % L i E
PBT + B.P,
P B T + B . P . + 1 % L i E
P B T + 8 . P . + 3 % L i E

0,91
0,88
0,76
0,52
0,48
0,64
0,62
0,33

0,02
0,02
0,21
0,24
0,34
aJ4
u ,  t o
0 , 1 8

292
157
330
560
681
430
4'10
327

z I +

144
280
401
474
224

315
205

zo+
137
255
330
384
290
270
156

248
126
216
z,to
268
227
207
98

ty in the entire investigated range of the shear rate
(Tables 1, 2) in spite of the lower viscosity of the PET
L in comparison with the PBT. The effect of the pig-
ment's structure on the rheological properties of the
black pigment concentrates is characterised by a
signif icantly higher viscosity of pigment dispersion
based on Printex LO in both the PET carrier and the
PBT carrier with the dispersant LiE in spite of the
lower viscosity of the Printex L6 dispersion in the
PBT carrier compared with the PET L one without
any dispersant (Tables 1, 2). The polyester wax Li-
cowax E in the concentrate pigment dispersion in the
polyester carriers signif icantly increases the devia-
t ion from the Newtonian f low and also the agglome-
ration abil i ty of the pigments. In this case the poly-
ester wax behaves as a typical dispersant of the solid
particles in the polymer carrier.

ln general, the viscosity of the pigment dispersion
decreases depending on the concentration of LiE, ex-
cept for the dispersion of Printex L6 in the PBT carrier
where the viscosity significantly increases at a higher
content of LiE (Tables 1,2, Figs. 1 , 2).

The increase in the deviation from the Newtonian flow
and the increase in the agglomeration coefficient by the
dispersant LiE indicate an increase in degree of the dis-
persion of the solid particles in the polymer medium. The
increase in the interface in the pigment dispersion also
leads to a higher viscosity of the dispersion in spite of
the low molecular weight and the low concentration of
the dispersant LiE in the case of the PET L - Printex L6
dispersion. The viscosity of the PES concentrates con-
taining LiE is a result of the higher degree of dispersion
of the solid particles (leads to higher viscosity) and the
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Table 3 Effect of Licowax E (LiE) in PET L concentrates (30%
of pigments) on tenacity T, elongation E and their coet
ficients ot variation for PET A fibres

PET concentrate
composition

T
IcN/dtex]

E CVE

t%l lr"l
CVt

WI
P.L6 30%
P,L6 3O%,  L iE
P.L6 3O%,  L iE
B,P.  30%
B.P.  30%,  L iE
B.P.  30%,  L iE

1 %
3To

10/

3 %

2,65
2,93
2,70
2,98
3,08
2,87

15,7
1 1 , 1
13,4
I  t , +

12,4
10 ,4

5 , 6  1 6
4,1  25
3 , 8  1 8
4,9 20
4,3 26
3,5  29

Table 4 Effect of Licowax E (LiE) in PBT concentrates (30% of
pigments) on tenacity T, elongation E and their coeff i-
cients of variation lor PET A fibres

PBT concentrate T
composition [cN/dtex]

P.L6 30%
P. 30%, LiE 10k
P.L6 30%,  L iE  3%
B.P. 30%
B.P, 30%, LiE1%
B.P.  30%,  L iE  3%

degradation effect of LiE on polyesters (leads to lower
viscosity).

The technological miscibi l i ty of polyester pigment
concentrates with, the polymer PET A before spin-
ning is expressed by the unevenness of the f ibre
structure, which is reflected in the tenacity, elonga-
t ion and coeff icient of the variance of these quanti-
t ies under measurement condit ions. PET f ibres pig-
mented by B.P. concentrate in both PET and PBT

cV, E CVE
l%l t%l  l r , l

2,82
2,65
2,64
3 , 1 2
o ,  t o

2,84

A O

4,8
4 ,6
4 ,3

1 2 2
1 7 7

t t , c

1 9
25
t o

22
27
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Fig. 1 Dependence of viscosity on the concentration of dispersant (LiE) in the cucentrates in PET (a) and PBT (b) canier al275"C
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provide a total ly higher tenacity and higher elonga-
tion at a break as well as a lower coefficient of the
variation of the tenacity. The lower tenacity, elonga-
tion and higher coefficient of the variance of these
quantit ies of PET f ibres pigmented by Printex L6
correspond with the higher viscosity of these concen-
trates in both PBT and PET L. The lower viscosity
and evenness of the Black Pearls 4560 concentra-
tes correspond with the higher tenacity and even-
ness of PET pigmented f ibres (Tables 3, 4).

Conclusion

- The rheological properties of concentrate dispersion
and the structural unevenness of the pigmented fib-
res are proposed as a method for the evaluation of
the processing of the pigment concentrates in spun
dyed or pigmented fibre preparation.

Vldkna a textil 11 (4\ 124-129 (2004\
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- The lower viscosity of the concentrates corresponds
with the higher tenacity of the fibres and lower struc-
tural unevenness of the fibres. (ln this case the vis-
cosity of the concentrate is in general higher than the
viscosity of the pigmented polymer).

- Oligomeric polyester wax can be used as an effecti-
ve dispersant for concentrates based on C.l. Pigment
Black 7 and polyester carrier.

Acknowledgements
The support of the Slovak grant agencies APVT (grant 20-01 01 02)

and VEGA (1/9147/02) is appreciated

Heferences

1. Marcin6in A.: Modif icat ion of f iber-forming polymers by
addit ives, Prog. Polymer Sci.  27 (2002), pp. 853-913

2. Marcindin A., Hricovd M., Luivjanskf J: Inf luence of the
Rheological Properties of Pigment Concentrates on

1 0 0
1 0 01 0 0 4 E n 2oo 250 i ts_,?oo 1 5 0 200 250. i  [sn900

al bl

Fig. 2 Dependence of viscosity on the shear rate for PET L and PBT concentrates of pigments Printex L6 (a) and Black Pearls 4560 (b)

127



Vldknotvorn6 polym6ry

Unevenness of Polypropylene Spun Dyed Fibres, Fibres &
Textiles in EE, 1, Vol. 13, 2005, in press

3. Elemans P.H.M.: Modell ing of the processing of
incompatible polymer blends, PhD Thesis, Eindhoven
University of Technology, 1989, pp. 1-15

Fibres-Forming polymers

Torner V.R.: Teoreticeski je osnovy prerabotky pol imerov,
Moskva,  Yo! .210,1977

Received: December 2004

Vz6jomn6 interakcie dastlc v pigmentovanom polyestery

Translation of abstract:
lnteraction of particles in pigmented polyester

itdnot< sa zaoberd podmienkami pripravy a interakciami jednotlivlich komponentov pri priprave
pigmentovanfch polyesterov. ZloZenie polyester - cierny pigment - dispergdtor a ich vz6jomn6
interakcie s0 zaujimav6 nielen z akademick6ho, ale i praktick6ho hl'adiska.

V experimentdlnej prdci bola na skfmanie vzdjomnyich interakcif komponentov v polyesterov]ich
koncentr6toch diernych pigmentov a na hodnotenie agregadnej schopnosti pigmentovfch 6astic
v polym6rnej tavenine pouZitd reologickd met6da.

Dalej sa dldnok zameriava na korel6ciu vybranfch reologickfch parametrov koncentr6tov
pigmentov a mechanicko-fyzikdlnych vlastnosti pigmentovanfch polyetyl6ntereftaldtovych vldkien.
V pripade pigmentovanfch polyesterovlich vlakien sa predpoklad6 stupe rozptylu dastic cierneho
pigmentu v mikro a nano oblasti.
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DEGRADATION OF DYES UNDER ACIDIC AND NEUTRAL

pH CONDITIONS

Prousek, J., Palackovd, E.

Department of Environmental Engineering, Faculty of Chemical and Food Technology, Slovak Technical University,
Radlinskdho 9, 812 37 Bratislava, Slovak Bepublic

E - m ai I : joz ef . prousek @ stuba.sk

Fenton and modified Fenton-like systems such as H2O,/HOONO/Fe2* have been studied for
oxidative degradation of the following dyes: Methyl Orange, lsolan Orange S-RL, lsolan Gelb S-
GL, and lsolan Marineblau S-RL. Both ferrous sul fate (FeSOo.7 HrO) and Mohr's sal t
(NHo)2Fe(SO4)2.6 H20 have been used as Fe"* ion sources. With Mohr's salt the Fenton reaction
has been successfully carried out under both acidic (pH 3) and neutral (pH 7) conditions. The
degradation and decolourization abilities of the new Fenton-like system H2Oa/HOONO/Fe'* have
also been tested. The main results of this study are the use of Mohr's salt under neutral condi-
tions and practical utilization of the H2Od|HOONO/Fe'- system in the Fenton-like reaction. All
runs have led to the complete decolourization of the model coloured wastewaters. The Fenton
reaction was also successfully tested for the treatment of actual wastewater from washing raw
cotton.

Introduction

The textile dyeing and finishing industry produces lar-
ge volumes of discharge effluents, and is considered
one of the major industrial polluters. Among the different
dyes and pigments available, azo dyes constitute over
50 % of all textile dyes used in the industry. Azo dyes
are characterized by nitrogen-to-nitrogen double bonds
(-N=N-), their superior fastness to the applied fabric and
high photolytic stability. However, due to the dye's fixa-
tion rates, ranging between 60 % and 90 % [1], amounts
of the dyestuff used remain in the spent dye bath after
the dyeing process. Treatment of the spent dye bath
effluent is difficult and ineffective with biological (activa-
ted sludge) processes [2] and results in about 15 o/o ot
the unfixed dyes being discharged into the environment
[3]. Thus, conventional wastewater treatment facilities
are unable to meet effluent colour standards for dischar-
ge. This is a reason for the development of more effec-
tive decolourization treatment technologies.

Advanced oxidation processes (AOPs) of dye efflu-
ents have been explored as a potential solution. One of
these AOPs, Fenton oxidation, has recently become the
focus of increased attention, because of its ability to
effectively generate HO' radicals, which react rapidly
and unselectively with most organic compounds. Due
to the non-specific and high electron affinity of the hyd-
roxylradical, the degradation products can be hydroxy-
lated or partially oxidized intermediates, dimerized com-
pounds, carbon dioxide, and mineral acids. Fenton
oxidation involves a reaction between Fe2* and H2O2 to
produce the HO' radicals in an acidic medium of about
3 pH (Equation 1) [4, 5]:

Fe2* + H2O2-> Fe3* + HO'+ HO- (1)
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Generally, the Fenton oxidation process is composed
of four stages: pH adjustment, oxidation reaction, ne-
utralization and coagulation, and precipitation. Therefo-
re, the organic substances are removed at two stages
of the oxidation and the coagulation [6]. In this AOP, the
organic substances (such as dye) reacted to the Fen-
ton reaction to reduce toxicity (or phototoxicity) and
coD.

The use of Mohr's salt instead of ferrous sulfate at a
neutral pH is a new approach. Similarly, a new Fenton-
like oxidation system such as H2O2/HOONO/Fe2* has
been tested as a strong source of hydroxyl radicals. lt
is well known that the reaction of H2O, with nitrous acid
at an acidic pH leads to the peroxynitrous acid HOONO,
which is a much more powerful oxidant than hydrogen
peroxide [7]. Peroxynitrous acid also plays a crucial role
in biological systems as a strong oxidant capable of
modifying most biological molecules and compounds
[8,9]. On the basis of Gould's results [10], we also pro-
posed the Fenton chemistry in the new AOP system
such as H2OZ/HOON OlFez* :

HNOr + H2O2 -+ HOONO + HzO (2)

HOONO + Fe2* -+ Fe3'+ HO'+ NOz- (3)

The approach presented here is basically different in
that the short-lived oxidant HOONO is generated in situ
as a very reactive intermediate according to Equation
(2). This reaction is a rapid process. After its generation,
HOONO is used for the rapid and direct oxidation of the
organic substrate or for the generation of reactive hyd-
roxyl radicals by a Fenton-like reaction according to
Equation (3). Thus, a new AOP system such as H2O2/
HOONO/Fe2* produces hydroxyl radicals in two similar
ways, i.e., by the Fenton reaction (reaction of Fe2* with
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H2O2) and by the Fenton-like reaction (eaction of Fez-
with HOONO).

Apart from the above hydroxyl radical-mediated oxi-
dations, high-frequency sonolysis can also degrade
dyes, such as eosin B [11].

In this study, the Fenton and Fenton-like reactions
have been used for the colour and COD removal in
model coloured wastewaters for the following dyes:
MethylOrange, lsolan Orange S-RL, lsolan Gelb S-GL,
and lsolan Marineblau S-RL. lt was found that the sub-
stitution of ferrous sulfate by Mohr's salt led to the bet-
ter efficiency of the COD removal. lt was also found that
the use of Mohr's salt under neutral pH conditions re-
sulted in an almost identical COD removal etficiency
such as under acidic pHs.

Finaly, the new Fenton-like system HrO2/HOONOIFe?*
has also been studied and described in our work [12].

Experimental

The MethylOrange, lsolan Orange S-RL, lsolan Gelb
S-GL, and lsolan Marineblau S-RL dyes were provided
by Bayer Germany. The ferrous sulfate (FeSOo'7 H20),
Mohr's salt (MS) (NHa)2Fe(SO4)2.6 H20, sodium nitrite
(NaNO2), NaOH, 30 % hydrogen peroxide and sulfuric
acid were from Lachema (Brno, Czech Republic). Po-
lyaluminium chloride (PAC-10, Novaflok, Novdky, Slo-
vak Republic) was used as a coagulant and a0.1 %
solution of Zetag 57 (Allied Colloids, The Netherlands)
was used as a flocculant. All the stock solutions were
prepared in deionized water. Chemical Oxygen De-
mand (COD) was conducted by the semi-micro method
[13] in a thermoreactor (MERK TR 200) at 150 oC, and
the pH value was measured by pH-meter (lon-Activity
Meter MS 20). The pH level of the reaction solution was
adjusted by either 20 % of the sodium hydroxide or 5 %
of the sulfuric acid. Peroxynitrous acid was generated
in situ by the addition of NaNO2 to the acid solution of
hydrogen peroxide. Each experiment was carried out in
a 500 ml Erlenmayer flask, and the water-coloured so-
lution was continuously stirred with a magnetic stirrer
(MM 2A, at 300 r,p.m.), ensuring the uniform mixing of
the degrading dye solution. The reaction temperature
was 25 "C. All the experiments were carried out at pH
3 or pH 7. The dye concentration was measured at its
maximum absorbancy using a UV spectrophotometer
(Specol 11, Germany) for Methyl Orange at 464 nm,
lsolan Orange S-RL a|475 nm, lsolan Gelb S-GL at 439
nm, and lsolan Marineblau S-RL at 575 nm. All of the
chemicals were used as received, without further puri-
fication.

Oxidative degradation and decolourization of dyes

For each experiment the sample pH was adjusted to
pH 3 by 5% sulfuric acid, and 300 ml of the coloured
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acidic solution was placed in the Erlenmayer f lask.
Amounts of ferrous sulfate and then 30% hydrogen
peroxide were added to the well-stirred solution. After
2 hours of the reaction, the resulting colourless solution
was allowed to rest t hour without stirring; then it was
neutralized by 20% NaOH to a neutral pH. After mixing,
the polyaluminium chloride (PAC) as a coagulant (2
drops) and 2 drops of flocculant were added to the re-
sulting bulky sludge mixture. After sedimentation of the
sludge (approx. 2 hrs), the COD removalwas measu-
red in the final colourless solution (the colour removal
in all experiments was about 100 %). The results of all
the experiments are summarized in Tables 1-5.
Note 1. In the case of utilization of the Mohr's salt the

experiments were conducted at pH 3 or 7.
Note 2. Forthe oxidative system HzOzlHOONO/Fe2* the

optimal amount of NaNO2 observed was 167
mg.l- ' .  In this case, hydrogen peroxide and
NaNO2 (HNOr) and the required amount of Fez*
salt was finally added by stirring to the acidic
solution of dye.

Results and discussion

The Fenton system (Fez'H2Oz\ has been frequently
used for treating industrial dye wastewater. The key
features of the Fenton system for treating polluted wa-
ter are believed to be its reagent conditions, i.e., con-
centrations of Fe2* and HrOr, and the characteristics of
the wastewaters (pH, type and quality of organic and
inorganic constituents, and temperature). Because the-
se parameters determine the overall efficiency of the
reaction, it is important to understand the mutual relati-
onships between these parameters in terms of HO' pro-
duction and consumption. This starts from a good un-
derstanding of the reactions involved in the Fenton
system. The optimal conditions for the Fenton reaction
were observed as pH 3, a temperature of about 30 'C

and a mof ar concentration ratio of Fez- lHro"near 1 . lf
an excessive hydrogen peroxide concentration is used,
the hydroxyl radicals may react with H2O2 to form wa-
ter and oxygen, or hydroperoxyl radicals (HOO') may
be formed, which are much less reactive [141. A radical-
radical recombination as a competitive reaction must
also be taken into account.

There are also a number of factors that can have
potentially negative effects on the hydroxyl radicaloxi-
dation of wastewaters. ln this connection some alterna-
tive Fenton-like reactions (FLRs) are searched for as
new AOP methods.

In this study, new Fenton reaction conditions at a
neutral pH utilizing Mohr's salt as a source of Fe2* have
been studied, and a modified Fenton system such as
H2O,|HOONOIFe2* has also been investigated for oxi-
dative degradation of the above-mentioned dyes. The
peroxynitrous acid HOONO was generated in situ. lt is
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well know that HOONO is a strong oxidation species
[15], which occurs in biological systems and also in the
environment. The oxidation power of this species is hi-
gher in the utilization of Fe2'as a catalyst. In our investi-
gation of the optimalrequired amount of NaNOr, it ap-
peared that the best results were obtained by the
addition of 167 mg.lf' to the system. A very important
observation is the fact that the H2Oz|HOONO system is
strong oxidation system only in the presence of the Fe2*
catalyst. To the best knowledge of the authors, no work
has been published on the practical utilization of the
H2O2/HOONa[ez'system, with the exception of our
very recently published work [12].

Degradation of Methyl Orange

Methyl Orange is a commercially available azo dye 4-
[4-(dimethylamino)phenylazo]benzene sulfonic acid (so-
dium salt) (Acid Orange 52, C.l. 13025). The experi-
ments have been conducted at pH 3 and 7 with the
application of ferrous sulfate (pH 3) and Mohr's salt (pH
3 and 7) (Table 1). The starting concentration of dye
was co : 300 mg.l-]. lt appeared that the best results in
colour and COD removalwere obtained with the H2O2/
FeSOo system with a weight ratio of 875/500 mg.l-1 at
pH 3 (the COD removal was 74 %) and with the H2O2/
MS system at pH 3 or 7 with a weight ratio of 175012580
mg.l-1 lthe COD removalwas 89 or 92 %, respective-
ly). lt is interesting to note that at neutral pH, the efficien-

Table 1 COD removal (%) for Methyl Orange at pH 3 or 7

HrOr/FeSOo
(mg.l ' )
p H = 3

AOP System
q H2O,/MS n HrOz/MS

("k) (mg.l- ' )  (%) (mg.l- ' )
p H = 3  p H = 7
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cy of the COD removal was higher than at pH 3. Very
good results have also been obtained forthe new HrOrl
HOONO/Fe2* system (Table 2). Thus, for the H2OalMS/
NaNO2 system with a weight ratio of 1750125801167
mg.f-1, the COD removal was 92 oh, and for the same
system in which the ferrous sulfate (1000 mg.l-1) was
used instead Mohr's salt, the COD removalwas 85 %.

Degradation of lsolan Orange S-RL

A Further investigated dye was lsolan Orange S-RL
with a starting concentration of co = 300 mg.F1. The best
results were obtained with the utilization of Mohr's salt
at pH 7 oable 3). For example, the weight ratio of H2O2l
MS = 875/1290 mg.l-l led to 86 % of the COD removal,
while the application of the H2O2/FeSOa system with
a weight ratio of 875/500 mg.l-l led only to 59 ?t, of the
COD removal. Similarly, better results have been obtai-
ned for the H2O2/MS/NaNOz system than for the H2Oz/
FeSOy'NaNO2 system (Table 4). For example, in the
case of the former system the COD removal reached
77 to 93 % in contrast to the latter system, in which the
efficiencies of the COD removal ranged from 73 to 85
o/o.The colour was again removed totally.

Degradation of lsolan Gelb S-GL and lsolan
Marineblau S-RL

For both dyes tested the initialconcentration was 300
ffig.l-', and the experiments were only conducted at pH
3 (Table 5). Here again the HrOlFeSOo and HrOrlMS
AOP systems were tested. The main difference in this
case was a better degradation ability for the lsolan
Marineblau S-RL in relation to the lsolan Gelb S-GL.
Thus, the highest degradation efficiency was reached
for the HrO2/MS system with the weight ratio of 1750/
2580 mg.l-l, namely for lsolan Gelb S'GL (87 %) and
lsolan Marineblau S-RL (93 %).

Table 4 COD removal (%) for lsolan Orange S-RL at pH 3

AOP System

I
(%)

87s/s00
1 750i 1 000
875/1 000

87511290
175012580
87512580

87511290
175012580
87512580

74
7'l
57

92
76

n
(T,)

n
("k)

oz
85
64

91

77

88
92
I O

n
(%)

rl
("/")

B8
89
72

Table 2 COD removal (%) for Methyl Orange at pH 3

AOP System
H2O2fMS/NaNO,

(mg. t  )
H2O2lFeSOy'NaNO,

(mg.l- ' )

HrOrlMS/NaNO,
(mg.t  )

HrOrlFeSO*/NaNO,
(mg.l- ' )

n
(%)

n
("/r)

BO
85
73

n
(%)

n
("/')

875112901167
1750125801167
875125801167

87sl5OOl167
1750110001167
875110001167

87511290|67
175012s801167
87s125801167

875/500/1 67
17s0110001167
87s|10001167

Table 3 COD removal (%) for lsolan Orange S-FIL at pH 3 or 7 Table 5 COD removal (%) for lsolan Gelb S-GL (lsolan
Marineblau S-RL) at pH 3

AOP SystemHrOr/FeSOo
(mg. t  )
p H = 3

AOP System
HrOzlMS n HrOz/MS
(mg.l- ' )  (%, (mg.l- ' )
p H = 3  p H = 7

HrOrlFeSOo
(mg.l- ' )

HrozfMS
(mg.t  )

875/500
1 750/1 000
875/1 000

8751't290
175012580
87512580

87511290
17s012s80
87512580

875/500
1 750/1 000
875/1 000

75(84)
82(e0)
76(71)

87511290
175012580
87512580

7B(86)
87(e3)
80(84)

86
84
79

T 5

80
t o

79
T I
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Treatment of actual wastewater from washing
raw cotton

The Fenton reaction was also tested for the treatment
of actualwastewater from washing raw cotton with an
ini t ia lCOD value of 21 545 mg.l- ' .  This is a very good
examole in which the utilization of the Fenton reaction
is limited. After application of the H2O2lFeSOo system
with a weight ratio of 175011000 mg.l-r, the efficiency of
the COD removalwas 44 %. In the second experiment
the acid coagulation by the sulfuric acid was applied in
the first step of the treatment and then the Fenton re-
action. The total COD removal of the two steps of lre-
atment was 88 %.

From the above-mentioned results it appeared that
the catalysis by Fe2* ions is crucial for all the oxidation
systems used and that peroxynitrous acid increases the
oxidative ability in the new HTO,iHOON OlFe2. system.

4 .  Conc lus ion

ln this study, the degradation of some dyes, namely
MethylOrange, lsolan Orange S-RL, lsolan Gelb S-GL,
and lsolan Marineblau S-RL, were investigated. Fenton
and modified Fenton systems such as HrOr/FeSOo,
H2OrlMohr's salt, and H2O2[HOON OlFe2* were tested
for the oxidative degradation of the above-mentioned
dyes. With Mohr's salt the Fenton reaction was suc-
cessfully conducted under both acidic (pH 3) and neutral
(pH 7) conditions. The degradation ability of the new
Fenton-like system H2O2/HOONOIFe'* was also stu-
died. The main results of this study are the use of
Mohr's salt under neutral conditions and the practical
util ization of the HrOrlHOONO/Fe2* system in the Fen-

Test ing

ton reaction. Finally, the Fenton reaction was tested in
actual wastewater treatment in an arrangement of co-
agulation-Fenton reaction with a total efficiency of 88 %
of COD removal. The colour in all the tested cives was
totaily removed.
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Pouiitie Fentonovei reakcie na degrad6ciu farbiv v kysllich
a neutrelnych podmienkach pH

Translation of abstract:
Fenton react ion ut i l izat ion for  the degradat ion of  dyes under ac id ic  and neutra l

pH condi t ions

Fentonova reakcia a modifikovand Fentonova reakcia, ako je syst6m H2O2/HOONOi Fe2-, boli
Studovand v rdmci  ox idanej  degrad6cie nasleduj0c ich farb lv :  mety l  oranZ,  lso lan Orange S-RL,
lsolan Gelb S-GL a lsolan Marineblau S-RL. Ako zdroje Fe'- boli pou2it6 siran Zeleznatf a Mohrova
sol ' .  S Mohrovou sol 'ou bola Fentonova reakcia 0spe5ne uskutodnend v kysel lch (pH :  3)
a neutrdlnych (pH = 7) podmienkach. Bola tie2 t-estovand degradand a odfarbovacia schopnost
nov6ho Fentonovsk6ho syst6mu H2O2/HOONOIFe'*.Za hlavn6 vfsledky tejto Sttidie je povaZovand
pouZitie Mohrovej soli v neutrdlnych podmienkach a praktick6 pouZitie systtimu H2O2/HOONO/
Fe'-. V5etky pokusy viedli ku kompletn6mu odfarbeniu modelovlch farebnlich odpadovfch vod"
Fentonova reakcia bola taktieZ 0spe5ne testovand na distenie realnej odpadovej vody z prania
surovej bavlny.
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1. lntroduction

Woven fabrics are constructed with lengthwise and
crosswise yarns interlaced at right angles. Skewness in
woven fabric is a condition where the warp and weft
yarns, although straight, are not at right angles to each
other  [1 ]  (F ig.1) .

Skewness leads to difficulties during tailoring, sewing
and three-dimensional forming processes. Garments
made from skewed fabric may behave differently on
each part of the body and, as a resull, lose the proper
shape of the body. This work investigates the relati-
onship between a fabric's skewness and the shearing
property of worsted woven fabrics.

Skewness can occur in warping, weaving and finis-
hing processes. The main cause during any step of the
finishing process is the variation in the running speed
across the width of the fabric. In the finishing process,
skewness often results when wet fabric is attached to
chain-driven tentering frames and run through a heated
oven. Fabric will become skewed if it is attached to fra-
mes so that the filling yarns are pulled off a 9O-degree
alignment or if the chains on either side move at diffe-

Testing

PROPERTIES OF SKEWED WOVEN FABRICSHEARING

A. Alamdar-Yazdi

Department of Textile Engineering, the University of Yazd, Yazd, lran.

This experimental work deals with the effects of skewness on the shearing properties of worsted
woven fabric. The shearing properties of 160 samples are measured by two methods (KES and
concentrated loading methods) and the results are compared. Both methods show a positive
correlation between skewness and shear rigidity, indicating that as the skewness goes up, the
Shearing Rigidity also increases. The correlation between shear rigidity evaluated by KES and
skewness was 0.725, but new parameter (EML) extracted from the concentrated loading curve
(Extension at a 200 gram-load) showed more sensitivity to the fabric's skewness and gave a
higher correlation (-0.866) to it. In other words, the concentrated loading method shows the
relationship between skewness and the shearing rigidity (G).
Key words: Skewness, Shear rigidity, Concentrated Loading method, KES method, Fabric defor-
mation.

rent speeds. However, skewness takes place through
the mechanism of the fabric shear as the warp and fil-
ling yarns rotate at the intersections from a right angle
position to form an obtuse or acute angle.

During the process of forming a fabric (yarn, making
to woven fabric-warping & weaving-), the main element
causing such a problem is the variations in tension ac-
ross the width of the warp beam [2]. (ln the case of sec-
tional warping, an improper slope or tension applied to
each band of the warp can cause skewness [3].)

Fabric skewness is common, and because it is diffi-
cult to control in the production process, the amount
may vary within continuous yardage. Textile producers
try to avoid this problem, especially in the case of high-
quality fabrics, and in order to help alleviate it, automa-
tic weft straightening devices are used during the finis-
hing processes [4]. Nevertheless, no mandatory
standards are used by the industry to define excessive
fabric skewness, but the Worth Street Textile Rules [5]
state that tolerances of 2.5% to 3% of a fabric's width
are reasonable. Powderly [6] believes that for some fab-
rics, more restrictive standards should be required. This
is expressed as a percentage of the greatest distance

$KEWNESS

Vldkna a textit 11 (4) 1 33-1 39 (2004)
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percentage =. (ABillCl)l 00
direct distarrce : AB

Fig. 1 Skewed fabric
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of angularity displacement from a line of the fabric divi-
ded by the width of the fabric.

A search of the literature reveals a paucity of studies
on skewness in woven fabrics. No studies have been
found that investigated the effects of skewness on the
shearing properties of woven fabrics. The only work
done on draping [7], shows that the properties of woven
fabrics are affected by skewness. However, when wo-
ven fabric shear is measured, the hysteresis diagram is
generally symmetrical, because the fabric is sheared at
the same angle to left and right. But when the yarns are
not at right angles, the hysteresis will be asymmetrical [8].

2. Materials and Measurements

2.1. Materials

A fabric manufacturer induced different levels of
skewness into each of ten 60 meter rolls of woven fab-
ric. The fabrics were gray but the yarns were dyed (no
finishing treatment was done on the fabrics)

All of them were all, 212-twill weave, 28warplcm,22
wefVcm and 1.5 meter width, and were woven on the
Dornier SW5 weaving machine (200 picks per minute).

The warp and filling yarns were the same and were
made of 45% wool and 55% polyester with the specifi-
cations shown in Table 1.

2.2. Measurements

2.2.1 Skewness
The fabric's skewness was measured according to

the ASTMD-3882-88 test method [9]. Based on the le-
vel of skewness, the fabrics were cut, arranged and la-
beled so that a total of 160 sets of samples (3 pieces
per each level of skewness) were ready to be tested.

2.2.2Shearing
a) Concentrated loading method [10]

Testing

fabric, at an angle of 45'to the warp direction (which is
the same as the weft direction) using a special templa-
te. The strip was then folded in half to form a double ply
of face-to-face fabrics 12 cm. long. A puncher inserted
an eyelet 1 cm from the ply ends opposite the fold, and
the second eyelet was insefted 10 cm from the first one
after any possible slack was removed. (doubling the
strip makes the samples free from any shear strain
which could develop under tensile stress).

The samples were then subjected to a single loading-
unloading cycle at a rate of 10 mm/min with a 200 g
maximum force using a simple attachment to the jaws
of Testometric-micro 350 made in the Shirly develop-
ments, with a 10 kg load cell.

Features of the loading-unloading curve
Fig. 2 shows a typical load extension curve of the

concentrated loading method and the parameters ex-
tracted from the curve.

Sym.
PBS
E M L
EHF
MG

Parameters Unit
Slope at critical point [1 1] gf
Strain at 200-gram load Yo
Strain at 150-gram load %

Maximum distance (strain) o/o

between loading-unloading curves

After 24 hours Of cOnditiOning, a rectangular specimen Fig. 2 Typicat toad extension curve of the Concentrated Loading
24 cm long and 5 cm wide was cut from every sample Method.

Table 1 Specifications of the fibers and yarn produced.

Material used Yarn specif icat ions

Australian merino fleece wool top as per international standard (IWTO)
Wool specification: 22 microns (maximum average),
65 mm (minimum average), sliver weight 20 grlm

Twist/meter
Single Plied
4812 600 (Z)

Count

5s0 (s)

Dupont Polyester Tops, 20 gr/m
Polyester tops, 3 den, 76 mm, raw white, semi-dull, low pil l ing.

Table 2 Correlation coetficients between Skewness & Shearing Properties.

KES shearing parameters
E H F

Concentrated loading method
PBS MG

Skewness -0.754 -0.8660.725 0.787 o.7M -0.712 0,561
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Skewness (cm) vs Shearing Rigidity (gf ./cm deg) Skewness (cm) vs EML(%)

4 5 6

EML (o/o)

a) Concentrated Loading Method
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a 4.5
o
;
E s.s
U>

t  a l t t  a

a

o r 9. l!.
.  . t f - l t '  

t '

I  t a ..  o  L .  .
. . llfr. .

a 4.5

I

c)
5  e c

.l
a

LE 1.35 r.45 1.56 1.65

G (gf./cm de!)

a) Kavabata Evaluation System

Fig. 3 The plots of the skewness versus the shearing parameters

W= (  const .
t

l 0g /cm )
-+ Fs

Fig. 4 Shearing deformation modes (Kavabata Evaluation System)

b) KES method
The shearing behavior of the samples was also me-

asured on a Kavabata Tensile and Shear tester accor-
ding to the testing instruction manual [12]. The results
of the two methods of testing are shown in Appendix L

3. Results and Discussion

Table 2 shows the correlation coefficient belween
skewness and the parameters measured by the two
methods. The results show a direct relationship betwe-
en skewness and shearing rigidity (G) i.e., as the skew-
ness goes up, the shearing rigidity increases. l t  also
shows a high correlation between skewness and the
EML extracted from the loading-unloading curve of the
Concentrated Loading Method.

Fig. 3 shows the plots of the skewness against the G
(shearing rigidity evaluated by KES) and EML (strain at
200 gram force, extracted from the Concentrated Loa-
ding Curve).

The difference between the KES and Concentrated
Loading Method indicates the sensit ivity of the last
method. The shearing rigidity is mainly caused by the
resistance against the change of the interlacing angle,
which is caused by friction and some elastic restriction
to the rotation of the interlacing angle between the warp
and weft yarns. The difference between the two
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methods is due to the manner of the deformation. The
modes of the deformation are shown by Figs. 4 and 5.

The shearing deformation mode adopted in the KES-
F testing system (Fig 4) is based on the interlacing
change in the angle (the yarns are almost straightened
by the pre-tension load inserted). This type of deforma-
tion shows the force needed to overcome the friction
between yarns, especially at contact points.

In the case of the concentrated loading method, the
deformation is compietely different (Fig. 5). lt contains
yarn compression and straightening, yarn movement
and slippage at the contact point, and a change in the
angle. Therefore, the final extension (EML) contains the
maximum possible change in the configuration, which
includes warp and weft straightening, yarn slippage or
movement (at the cross points toward the center of the

Fig.5 Shearing deformation modes (Concentrated Loading Method)
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Skri5obn6 met6dy

rectangle), and movement or possible slippage of the
fibers inside the yarns.

The negative sign of the correlation value (between
the skewness and strain at a 200 gram force) indicates
that as the value of the skewness raises the value of the
extracted feature (EML) decreases. This means that as
the skewness increases, the chance for yarns to move
and rotate on each other is decreased.

4. Conclusions

1. The shearing behavior is related to the warp and
weft alignment so that as the skewness increases,
the shearing rigidity also increases.

2.The correlation between the skewness of the fab-
rics and the maximum extension of the concentra-
ted loading curves denotes that the behavior of the
fabric due to tensile load is affected by the skew-
ness.

3. The concentrated Loading Method could be a va-
luable tool to evaluate the shearing properties of
woven fabrics. In addition, textile producers can
take advantage of this and use this method to con-
trol the effect of the production parameters on the
quality of their woven fabric products.
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Strihov6 vlastnosti zo5ikmenfch textilii

Translation of Abstract:
Shearing properties of skewed woven fabric

Experimentdlna prdca je venovand efektom zo5ikmenia na strihov6 vlastnosti 6esanlich tkanlich
textili i. Strihov6 vlastnosti ' l 60 vzoriek boli meran6 dvomi met6dami {KES a koncentrovan6
zata2ovan6 met6dy) a vlisledky boli porovndvand. Obe met6dy d6vaj0 kladn0 kolerdciu medzi
zo5ikmenim a strihovou tuhostou. S rastom zoSikmenia st[oa strihov6 tuhost. Koreldcia medzi
strihovou pevnostou a zo5ikmenim podl'a KES metody.bola 0,725, ale novli parameter (EML)
vychddzaj0ci z koncentrovacej zalalovacej krivky (predlZenie pri zataZen[ 200 g) ukazal vy5Siu
citlivost na zo5ikmenie textilie a ddva vy5Siu koreldciu (-0,866). Inlimi slovami koncentrovand
zataZovacia met6da ukazuje vztah medzi zo5ikmenfm a strihovou tuhostou (G).

tkanlich
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Sk[5obne metody

Appendix

Testing

Concentrated Loading Method Kavabata Eva.System Skewness

Art .  no Fw.gr  PBS MG EHF EML HGs HG.s G Cm

5525 360 34.130 2.780 4.890 5.900 3.880 1 .900 1.40 2.38
5525 360 34.1 30 2.780 4.890 5.900 4.990 1 .990 1 .40
5418 370 36.1 00 2.730 4.660 5.800 4.440 1 .960 1 .45 2.80
5418 370 36.100 2.730 4.660 5.800 4.580 2.040 1.45
5440 367 35.700 2.740 4.280 5.830 3.990 1.980 1.M 2.87
5440 367 35.700 2.740 4.280 5.830 4.050 2.310 1.44
5441 360 35.660 2.630 4.430 5.820 4.210 1.920 1.39 2.88
5441 360 35.660 2.630 4.430 5.820 4.390 2.020 1.39
5466 362 35.880 2.700 3.930 5.760 4.380 1.990 1.41 2.92
5466 362 35.880 2.700 3.930 5.760 4.700 2.120 1.41
s391 360 36.010 2.730 4.180 5.880 4.100 2.050 1 .44 2.93
s391 360 36.010 2.730 4,180 5.880 4.320 2.200 1.M
5483 365 36.1 00 2.710 4,330 5.660 4.600 2.120 1 .47 2.96
5483 365 36.1 00 2.710 4.330 5.660 4.750 2.230 1 .47
5392 362 36.500 2.730 3.870 5.590 4.500 2.1'10 1.42 3.00
5392 362 36.500 2.730 3.870 5.590 4.750 2.324 1.42
5480 367 36.890 2.710 4.330 6.050 4.240 2.080 1.34 3.00
5480 367 36.890 2.710 4.330 6.050 4.140 2j20 1.34
5489 370 36.600 2,680 3.680 5.550 3.880 1.920 1.36 3.03
5489 370 36.600 2.680 3.680 5.s50 4.080 2.100 1 .36
5492 380 36.730 2.730 3.970 s.610 4.300 1.980 1.41 3.06
5492 380 36.730 2.730 3.970 5.610 4.530 2.100 1.41
5504 372 36.780 2.680 4.300 5.660 4.150 2.170 1.42 3.12
5504 372 36.780 2.680 4.300 5.660 4.500 2.320 1.42
5505 362 35.130 2.660 4.810 5.830 4,280 2.200 1 .40 3.14
5505 362 35.1 30 2.660 4,B l 0 5.830 4.51 0 2.310 1 .40
5510 360 32.600 2.910 4.630 5.700 4.320 2.130 1.39 3 j4
5510 360 32.600 2.910 4.630 5.700 4.600 2.200 1.39
5514 362 33.610 1.990 4.460 5.330 4,490 2.330 1.43 3.'18
5514 362 33.61 0 1 .990 4.460 5.330 4.51 0 2.500 1 .43
5519 362 34.660 2.160 4.880 5.500 4.350 2.180 1.42 3.18
551 9 362 34.660 2.1 60 4.880 5.500 4.590 2.300 1 .42
5395 367 36.990 2.190 4.730 5.320 4.600 2j20 1.47 3.26
5395 367 36.990 2.190 4.730 5.320 4.860 2.220 1 .47
5546 360 36.740 2.830 4.330 5.420 4.630 2.270 1.46 3.28
5546 360 36.740 2.830 4.330 5.420 4.890 2.380 1.46
5526 350 35.900 2.440 4.380 5.440 4.660 2.210 1.46 3.32
s526 3s0 35.900 2.440 4.380 5.440 4.900 2,300 1.46
5394 360 36.600 1.920 4.330 5,330 4.700 2.290 1.49 3.42
5394 360 36.600 1.920 4.330 5.330 4.800 2.360 1.49
5401 360 37.400 2.040 4.160 5.410 4.590 2.220 '1.33 3.42
5401 360 37.400 2.040 4.160 5.410 4.780 2.410 1 .33
5397 367 41.800 2.470 4.320 5.250 4.800 2.310 1.61 3.42
5397 367 41.800 2.470 4.320 5.250 5.300 2.440 1.61
5402 360 38.600 1 .990 4.010 5,440 4.850 2,280 1 ,49 3.43
5402 367 38.600 1 .990 4.010 s.440 5.100 2.260 1 .49
s527 360 36.200 2.010 4.090 5.570 4.900 2.320 1.46 3.43
5527 360 36.200 2.010 4.090 5.660 5.130 2,500 1 .46
5399 360 36.1 10 1 .980 4.020 5.460 4.980 2,270 1.41 3.44
5399 360 36.1 10 1 .980 4,020 5.550 5.170 2.400 1 .41
5430 370 35.140 2.110 4.250 5.630 4.580 2,330 1.46 3.54
5430 370 35.140 2j10 4.250 5.800 4.800 2,500 1.46
5432 370 34.600 2.180 4.290 5.880 4.680 2.300 1.44 3.55
5432 370 34.600 2.180 4.290 5.790 4.900 2,510 1 .44
5439 377 37.900 2.040 4.060 5.310 4.970 2.310 1.42 3.56
5439 377 37.900 2.040 4.060 5.420 5.250 2.500 1,42
5448 362 32.300 2.110 4.420 5.900 4.880 2,390 1.39 3.60
5448 362 32.300 2.110 4.420 5.790 5,100 2.440 1 .39
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Continuation of the appendix

Testing

Concentrated Loading Method Kavabata Eva.System Skewness

Ar t .  no  Fw.gr  PBS MG EHF EML HGs Hc.s  c  Cm

5451 367 35.100 2.160 4.130 5.700 5.100 2.400 1.44 3.61
5451 367 35.100 2.160 4.130 5.600 5.330 2.520 1.44
5464 360 38.100 1 .980 3.870 5.310 4.870 2.200 1 .39 3,64
5464 360 38.100 1.980 3.870 5.240 5.110 2.410 1.39
5462 360 38.400 t.990 3.880 5.100 5.110 2.420 1.42 3.66
5462 360 38.400 1.990 3.880 5.220 5.100 2.49A 1.42
54BB 365 38.120 1.860 3.910 5.260 5.010 2.380 1.40 3.77
5488 365 38.1 20 1 .860 3.91 0 5.240 5.240 2.440 1 .40
5485 367 38.060 1.880 3.920 5.270 4.980 2.470 1.45 3.77
5485 367 38.60 1 .880 3.920 5.1 90 5.200 2.620 1 .45
5490 375 38.80 1 .970 3.900 5.210 5.180 2.570 1 .53 3.77
5490 375 38.80 1.970 3.900 5.240 5.360 2.630 1.53
5497 372 39.00 1 .910 4.010 4.900 5.030 2.610 1 .60 3.83
5497 372 39.00 1.910 4.010 5.020 5.240 2.800 1.60
5501 380 38.90 1 .930 3.920 4.81 0 4.980 2.530 1 .51 3.84
5501 380 38.90 1.930 3.920 4.880 5100 2.670 1.51
5498 380 38.70 1 .910 3.900 4.930 4.730 2.310 1 .49 3.86
5498 380 38.70 1 .910 3.900 4.980 4.950 2.480 1 ,49
5499 370 36.550 2.130 4.100 5.330 5.150 2.440 1.47 3.88
5499 370 36.550 2.130 4.100 5.490 5,360 2.600 1.47
5504 372 37.990 2.230 3.900 5.240 5.050 2.560 1.50 3.91
5504 372 37.990 2.230 3.900 5,330 5.250 2]00 1.50
551 5 365 37.1 1 0 2.420 4.01 0 5.M0 4.990 2.480 1 .49 3.92
s515 365 37.110 2.420 4.010 5.370 5,050 2.600 1.49
5507 365 37.820 2.130 4.110 5.260 5.080 2.520 1 .51 3.92
5507 365 37.820 2.130 4.110 5.290 5,220 2.600 1 .51
5520 355 37.940 1930 3.860 5.210 4.300 2.550 1.52 3.94
5520 355 37.940 1.930 3.860 5j70 4,520 2.540 1.52
5516 365 38.010 1 .910 3.870 5.080 5.100 2.560 1 .58 3.96
5516 365 38.010 1 .910 3.870 5.120 5.320 2.550 1 .58
551 1 365 38.1 00 1 .920 3.81 0 4.91 0 4.990 2.490 1 .54 3.97
551 1 365 38.100 1.920 3.810 4.980 5.170 2.680 1.54
5524 355 38.200 1.900 3.830 4.900 5.120 2.510 1.51 3.98
5524 355 38.200 1.900 3.830 4.920 5.300 2.620 1.51
5428 365 38.110 1.930 3.820 5,060 5.190 2.590 1.54 4.00
5428 365 38.1 1 0 1 .930 3.820 5.040 5.370 2.720 1 .54
5398 370 37.700 2.090 4.100 5.220 5.080 2.520 1.51 4.13
5398 370 37.700 2.090 4.100 5.010 5.210 2.640 1 .51
5404 365 37.960 1.930 3.880 5.130 4,490 2.470 1.47 4.14
5404 365 37,960 1,930 3.880 5.210 4.610 2.500 1.47
5407 360 37.950 1.900 3.890 4.970 5.180 2.510 1.52 4.15
5407 360 37.950 1 .900 3.890 5.030 5.310 2.550 1.52
5408 365 38.300 I .810 3.790 4.880 5.200 2.540 1 .53 4.16
5408 365 38.300 1 .8'10 3.790 4.920 5.430 2]50 1 .53
5413 367 38.220 1 .800 3.830 4.680 5.130 2.490 1 .58 4.20
5413 367 38.220 '1,800 3.830 4.790 5.330 2.720 1.58
5421 367 38.100 1.880 3.780 4.990 5.180 2.530 1.56 4.21
5421 367 38.100 1.880 3.780 5.050 5.220 2.650 1.56
5419 347 37.890 1 .910 3.810 4.940 4.980 2.490 1 .25 4.22
5419 347 37.890 1 .91 0 3.810 4.960 5.100 2.510 1.25
5422 370 38.240 1.950 3.840 4.890 5.270 2.540 1.57 4.22
5422 370 38.240 1.950 3.840 4.910 5.400 2.600 1,57
5425 370 38.300 1.940 3.720 4.860 5.500 2.560 1.52 4.23
5425 370 38.300 1.940 3.720 4.880 5.720 2.650 1.52
5429 372 37.400 1.970 4.110 5.010 5.370 2.510 1 .53 4.24
5429 372 37.400 1 ,970 4.1 10 5.090 5.500 2.600 1 .53
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Continuation of the appendix

Testing

Concentrated Loading Method Kavabata Eva.System Skewness

Art. no Fw.gr PBS MG EHF EML HGs HG.s G Cm

5438 370 37.550 1.910 4.120 5.100 5.220 2.490 1.54 4.30
5438 370 37.550 1.910 4.120 5.110 5.180 2.530 1.54
5445 367 37.030 2.030 4.230 5.280 4.990 2.510 1 .51 4.30
5445 367 37.030 2.030 4.230 5.300 5.150 2.550 '1.51

5455 362 37.440 1.940 4,130 5.110 5.100 2s20 1.53 4.32
5455 362 37.440 1 .940 4.130 5.190 4.980 2.610 1 .53
s378 369 37.660 1.990 4.070 5.290 5.050 2.550 1.52 4.33
5378 369 37.660 1.990 4.070 5.230 5.200 2.400 1.52
5388 s6s 37,960 2.020 4,080 5.060 5.120 2.560 1.53 4.33
5388 365 37.960 2.020 4.080 5.110 5.060 2.610 1.53
5457 367 37.170 2.100 4.180 5.240 4.990 2.480 1.51 4.34
5457 367 37.170 2j00 4.180 5.270 5.180 2.380 1 ,51
5458 362 37.910 2.230 3.900 5.380 5.200 2.440 1.57 4.37
5458 362 37.910 2.230 3.900 5.330 5.410 2.340 1.57
5465 365 37.650 1 .970 4.050 5.110 5.050 2.540 1 .52 4.37
5465 365 37.650 1 .970 4.050 5.010 5.320 2.660 1 .52
5463 36s 38.1 20 1 .870 3.780 4.970 5.1 00 2.510 ' l .56 4.40
5463 365 38.120 1.870 3.780 4.970 5.420 2.700 1.56
5473 365 37.890 1.920 3.810 4.920 5.170 2.570 1 .55 4.49
5473 365 37.890 1 .920 3.81 0 4.910 5.320 2.720 1 .55
5476 372 38.340 1 .930 3.710 4.810 5.060 2.520 1 .56 4.50
5476 372 38.340 1 .930 3.7 t 0 4.830 5.300 2.750 1 .56
5481 370 38.350 1.840 3.620 4.590 5.180 2.540 1.57 4.50
5481 370 38.350 1.840 3.620 4.660 5.200 2.550 1.57
5482 355 38.400 1.810 3,610 4.710 5.200 2.550 1 .62 4.51
5482 355 38.400 1 .81 0 3.610 4.680 5.320 2.490 1 .62
5420 350 38.340 1.950 3.700 4.830 5.190 2.530 1.59 4.91
5420 350 38.340 1.950 3.700 4.880 5.180 2.490 1.59
5377 365 38.100 1.870 3.780 4.900 5.210 2.540 1.56 4.93
5377 365 38.100 1 .870 3.780 4.930 5.400 2.600 1 .56
5474 357 38.120 1 .Bso 3.790 4.880 5.060 2.550 1.57 5.18
5474 357 38.120 1.850 3.790 4.830 5.400 2.700 1.57
5393 360 38.330 1.850 3.700 4.770 5.300 2.580 1.64 5.20
5393 360 38,330 1 .850 3.700 4.710 5.510 2.720 1.64
5472 365 38.'t10 1.930 3.770 4.910 5.220 2.600 '1.59 5.24
5472 365 38.110 1.930 3.770 4.890 5.250 2.550 ' l .59
5442 360 38.320 1.900 3.600 4.690 5.27A 2.550 1.55 5.28
5442 360 38.320 1.900 3.600 4.660 5.300 2.600 1.55
5373 365 38.310 1 .810 3.570 4.240 5.130 2.490 1 .59 5,30
5373 365 38.31 0 1 .81 0 3.570 4.440 5.200 2.600 1 .59
54s6 357 38.400 1.790 3.610 4.400 5.500 2.700 1.60 5.32
5456 357 38.400 1 .790 3,610 4.330 5.550 2.900 1 .60
5409 367 38.600 1.760 3.580 4.370 5.480 2.780 1.61 5.35
5409 367 38.600 1.760 3.580 4.380 5.600 2.770 1.61

c = Shear r igidity in (gf. /cm deg)
HG.s = Hysteresis of shear force at 0.5o shear angle in gf./cm
HGs = Hysteresis of shear force at 5 shear angle in gf./cm
Fw.gr = Fabric length weight in grams
Art no. = Article number
EML = Strain at 200-gram load in percentage
EHF = Strain at 1SO-gram load in percentage
MG = Maximum distance (strain) between loading-unloading curves in percentage
PBS = Slope at critical point in g
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1 UVOD

Molekulovd Struktfra chemickfch vldkien je determinova-
na chemicklm zloZenfm polym6ru, molekulovou hmotnostou
a stericklim usporiadanim segmentov resp. funk6nfch sku-
pfn makromolekulov6ho retazca. Molekulovd Strukt0ra
ovplyvnuje ohybnost polymerneho retazca a nadmolekulov0
Strukturu polym6ru. Nadmolekulovd Strukt0ra je d'alej vli-
znamne ovplyviovan6 podmienkami pripravy chemicklch
vlakien.

Parametre molekulovej Strukt0ry patria k zdkladnlim fakto-
rom podmienujfcim vlastnosti polym6rov a vlakien a ovplyv-
nujucim aj volbu podmienok pripravy vliikien, ktonich vplyv
sa moZe spdtne prejavit na zmendch molekulovej Struktfry,
na vlastnostiach vlakien ako i na ekonomike uiroby.

Nadmolekulov6 Strukt0ra orientovanlich polym6rov je cha-
rakterizovand vzdjomnlim usporiadanim retazcov makromo-
lek0l v priestore a k osi vliikna. Stuperi usporiadania re{az-
cov (segmentov) makromolekfl je rdzny, od amorfn6ho cez
mezomorfn6 (dvojrozmernf orientadnf poriadok) po krySta-
lick6 usporiadanie (trojrozmern;i poriadok). Usporiadanie
elementov Strukt0ry orientovanlich polym6rov je zvla5tne
tfm, Ze jednotlive retazce makromolek0l m6Zu prechddzat
cez niekolko elementov Struktfry. Z toho vyplfva, 2e orien-
tovanyi polym6r predstavuje polymorfny syst6m bez moZnosti
oddelenia jednotlivyich tAz l1l.

Nadmolekulov0 Stru kt0ru vldkien (f olii) tvoria: Stru ktOrne
kryStalick6 modifikdcie, orientdcia kryStalicklch a amorfnych
oblastia kryStalickii podiel Ko (%) alebo kryStalinita B.

Kvantitativnou mierou orientovan6ho polym6ru je orientac-
n1i faktor alebo stupen orientdcie (f). Pre faktor orientdcie
kryStalicklich oblasti fr podl'a Hermansa platl:

f *  = 9 c o " ' O  ( 1 )' 2

kde g - uhol medzi smerom deformdcie a osou Strukt0rneho
elementu.

Pre idedlne orientovanf syst6m f* : 1.
Pre orientdciu amorfnfch oblasti vo vldkne plati vztah:

l*,=fu;tlli e)1 - B

Na fdzovf stav polym6ru vplfvaj0 tieZ vonkaj5ie podmien-
ky, ako napiitie a teplota pri deformacii a stupeh orient6cie.
V procese kryStalizacie sa zvy5uje hustota, menf sa mern6
teplo, tepelna vodivost a mechanicko-fyzikAlne vlastnosti
polym6rov. KryStal ichi pod iel pri orientovan;ich kryStalickf ch
polym6roch (vlakna, f6lie) sa pohybuje v rozmedzi 40-80%.

Organizdciou nadmolekulovyich utvarov, kryStal i tov
a amorfn;ich oblasti vznikaj0 morfologick6 ritvary alebo se-
kunddrne elementy Strukt0ry: sferolity, mikrofibrily, fibrily,
lamely, pasky (listov6 Struktfra). Roz-mery takfchto r]rtvarov
sa pohybujri v rozmedzi od 10 do 10" nm.

140

Pre orientovan6 polym6ry (vldkna a f6lie) je charakteristic-
k6 fibri ldrna Struktlra, ktord predstavuje striedania kryStalic-
klch a nekryStalicklich oblasti v smere orientdcie vldkna vo
forme mikrofibri l. Mikrofibri ly sri spojen6 do viicSich celkov -
fibri l koheznymi silami alebo intedibri lArnymi retazcami. Stu-
peri usporiadania makromolek0l v interfibri ldrnej oblasti je
spravidla ni25i ako v intrafibri ldrnej oblasti. Zvaizky tfchto
retazcov casto vytvaraju mezolazu nematick6ho alebo smek-
tick6ho typu s urditou anizotr6piou.

Makromorfologick0 Strukttru tvoria najmi mikro a makro
defekty vldkien, 6lenitost povrchu vlakien, priecna a pozdiZna
geometria vldkien a pri heterog6nnych viaczloZkovlich vlSk-
nach i tvar dispergovanfch castic a ich rozloZenie.

2 VPLYV PIGMENTOV NA NADMOLEKULOVU
Srnurcr0nu vLAKtEN

Polypropylenov6 v ldkna sa farb ia pomocou p igmentov,
alebo pigmentovlich koncentrdtov v hmote. Je logick5i pred-
poklad, Ze pigmenty prltomn6 v hmote vldkna majri vplyv na
jeho Struktlru. Podl'a vfskumov [2, 3] pigmenty ovplyvriuj0
Strukturu vldkna na kryStalografickej a lameldrnej rirovni a je
predpoklad,  Ze by sa to malo odrazi t  a j  na morfo logickej
urovni .

Pri kryStalizacii z taveniny vznik6 prevaZne stabiln6 cr-kryS-
ta l ickd modi f ikdc ia s teplotou topenia pr ib l iZne 165'C.  Vply-
vom Specificklch podmienok kryStalizdcie, najmii zmenou
teplotn6ho reZimu alebo vplyvom nukleadnlch pr isad je
moZn6 ziskat Struktrirnu modifikdrciu s niZSou teplotou tope-
nia krySta lov (okolo 152'C),  najmi i  B-modi f ikac iu [4,5,6] .
Vzhl'adom na vliznam kryStalizAcie pre spracovanie polypro-
pylenu i vplyv na StruktLrru a mechanick6 vlastnosti je tejto
problematike venovanyi vel'kf pocet prdc. TfkajI sa najmd
selektfvneho ldinku nuklea6nfch dinidiel a mechanizmu pre-
chodu p -+ cr [7-9]. Niektoriautori [10, 1.1] wrdia, Ze podas
kryStalizAcie z taveniny najprv vznikd B-modifikacia, ktora je
ndsledne konvertovana na stabilnej5iu cr-formu. Tdto konver-
zia je vSak velmi taZko experimentdlne pozorovatelhii. Ten-
to prechod prebieha v niekolkfch naslednfch stupnoch: pre-
miestnenie re{azcov paralelnlich k svojej osi, premiestnenie
a rot6cia retazcov kolmlch k svojej osi, tibytok retazcov kol-
myich k svojej osi, ciZe dochddza k formovaniu monoklinic-
kej a-formy. Prvf stupen je sprev6dzanyi expanziou usporia-
danlich oblasti kolmfch k osi makromolekulovlich retazcov.

NajdoleZitejSifaktor na prechod B + cr je zahriatie na po-
Zadovan0 teplotu.  Odchylku od kr i t ickej  teploty redukuje
transformacniT stupen. B-forma sa u polypropylenu objavuje
pri teplote okolo 145 'C a preto je teto teplota povaZovanei za
teplotu fazov6ho prechodu B-formy na cx.-formu [5]. Z toho
vyplyva, 2e relativne nlzka hodnota teploty kryStalizdcie pod-
poruje tuorbu p{ormy.

Druhfm d6leZitfm faktorom je nichlost ohrevu. Formova-
nie p-hexagondlnej modifikdcie je podmienen6 tieZ pritom-
nostou Specifickfch aditfv alebo usmernenou kryStalizdrciou.
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Optickd analyza a Sirokouhlove WAXS) difrakdnd met6-
da boli pouZite pri sk[manIvplyvu rdznych organickfch pig-
mentov na obsah B-kryStalov v polypropyl6novlich vldknach
farbenyich v hmote [5]. Na ziiklade meranibola zistend prl-
tomnost B-formy vo v5etlqich analyzovanyich vzorkdch farbe-
nfch i nefarbenfch vldkien. Pretoie sa predpoklad6,2e
transformadnf proces B -+ cr je velmi nlchly, nemala by by{
po kryStalizdcii dist6ho polypropyl6nu prltomnd Ziadna B-for-
ma. KedZe polym6ry beZnej kvality obsahujI r6zne nedisto-
ty a proces transformdcie B -+ cr mOZe byt brzdenyi fyzikdl-
no-chemickfmi procesmi, zostatkovd B-forma je pritomnd aj
po prechode F + q. To znamend, Ze pigmenty s aktivnou
StruktOrou pOsobia ako dinidld spomal'uj0ce transformadnf
proces prechodu p -+ u a takto zvy5uj0 obsah B-formy vo far-
benlTch vldknach. Pociatocne a kone6nd teplota zmeny lAzy
a proces spomalbvania zAvisia na type pigmentu. Zvy5ova-
nie obsahu B-'tAzy je viac evidentn6 pomocou zmeny rozme-
rov usporiadanyich oblasti kolmlch na os retazca, ktor6 je za-
pridinend napriamovanim retazcov.

Na vyiskum morfol6gie polypropyl6novlch vldkien v prdci
[12] bola pouZitr i  e lektronovd skenovacia mikroskopia
a Sirokouhlova WAXS) difrakcnd met6da. SkriSky boli usku-
to6nen6 na nefarbenlch vldknach a vldknach farbenlich v
hmote pripravenyich pri r6znych odtahovlich rlichlostiach
(OR) v rozsahu od 100 do 1350 m/min, ako aJ na vldknach
odtahovanlich iba silou gravitdcie. Na farbenie boli pouZit6
chinakrid6nov6 a ftalocyaninov6 pigmenty.

Na zdklade \ichto vfskumov mo2eme kon5tatovat, Ze vo
vl6knach s nizkym odtahom sa formuje sferolitick6 morfol6-
gia. V tomto pripade dochddza k rastu sferolitov podobne ako
v nepohyblivej tavenine. V skor5lch tipach rastu jednoduchd
lamela mnoZi dal5ie lamelv do zdrodku sferolitu. Tarodok
rastie spolu s dlzkou lamely na oboch koncoch, pri6om sa
nahromaden6 lamely"siria do str6n a vetvia sa, cim vznikaj[
lameldrne zvazky. Dal5i  rast,  Sirenie a vetvenie vedie
k formovaniu sferolitickej konStrukcie [1 3-1 5].

Pri nefarbenfch vldknach neodtahovanlich a vl6knach
s nlzkou odtahovou rfchlostou bol i  zaznamenan6 vel 'k6
a okrihle sferolity so zretelhyimi okrajmi, ktor6 sri ndhodne
rozmiestnend po povrchu vl6kna. Velkost sferolitov sa pohy-
bovala v rozmedzl 10-30 mm u neodtahovanfch a 5-1 0 mm
u vl6kien s OR = 100 m/min. Pri trichto vldknach doch6dza
ku kryStalizadn6mu procesu pri najni25ej ryichlosti chladenia
a najniZSej orientdcii. Pri taklichto podmienkach je hustota
nukledcie nizka a priestor pre rast sferolitov vel'kf . Rast sfe-
rol i tov prebieha aZ do ich stretu so susednl imi sferol i tmi
a vedie k hrubozrnej StruktLrre. ZvySovanie odtahovej ryich-
losti spdsobuje vzrast v ryichlosti chladenia, vfsledkom 6oho
je zvf5enie hustoty nukledcie a zniZenie velkosti sferolitov.
So zniZovanim velkosti sferolitov sa zmenSuju aj medzery
(kratery) medzi nimi, dim dochadza aj k zniZeniu drsnosti
povrchu vldkien. Z charakteristickych pikov WAXS diagramu
je zrejme, 2e sferolig pozostevaj0 z monoklinickej cr-formy.
So zvySovanim odtahovej nichlosti na 300 mimin dochddza
k predlZovaniu sferolitov smerom k osi vldkna. Pre vldkna
formovan6 pri OR = 800 mimin sferolitickd Strukt0ra koexis-
tuje s fibrildrnou. Na povrchu vl6kien s0 pozorovan6 natiah-
nut6 sferolity a v dastiach blizko koncom vldkna sa zjavuje
fibrilarna Strukt0ra. Navz6jom separovan6 fibrily s priemerom
rovnfm 150 nm s0 rozloZen6 paralelne k osi vldkna. Pri viid-
Sich zvad5eniach bolo moZn6 vidiet  eSte tenSie f ibr i ly
s pr iemerom 40-50 nm. Tak6to f ibr i ly kore5ponduj0
s nanofibrilami zaznamenanlimi Hautojiirvim [16, 17] pomo-
cou atomovej mikroskopie (AFM). Je moZn6 konStatova(, 2e
nanofibrily s0 formovan6 zo striedaj0cich sa lamelSrnych
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kryStdlov a amorfnlich vrstiev a podl'a Criimera ['18]
a Hautoj i i rv iho [16, 17] odhal 'uj0 shish-kebab morfologiu
obsahuj0cu priedne lamely rast0ce z centrdlneho line6rne-
ho pdsu [19]. Pri vl6knach zvl6knovanfch pri najvy55ich odta-
hor4ich rfchlostiach 1050 a 1350 mimin sa uZ neobjavuje
sferoliticke Strukt0ra, ale je pozorovan6 iba fibril6rna Struk-
t0ra, ktord podl'a WAXS meraniobsahuje kryStaly a-formy
polypropylenu.

Vo vldknach farbenfch v hmote p6sobia pigmenty ako ty-
pick6 nukleadn6 prostriedky a zapridiiuj0 zvf6enie teploty
kry5taliz6cie a hustoty nukledcie. Chinakrid6nov! pigment
vykazuje vel'mi dobrf nukleadnI schopnost pre kryStalizdciu
polypropyl6nu a podporuje tvorbu polym6dnej p-formy.

V pripade vl6kien farbenlch chinakrid6novfm pigmentom
pre vldkna neodtahovand ako i pre vlakna s OR : 100 m/min
s0 pozorovan6 zretelh6 sferolity s priemerom nepresahujri-
cim 3 mm. WAXS diagram pre tieto vl6kna vykazuje pritom-
nost dvoch polymernych foriem polypropyl6nu: monoklinic-
kej c-formy a hexagon6lnej B{ormy. Piky B-formy s[ velmi
vlrazne, co vyplliva z vysok6ho obsahu p-formy. Podl'a Var-
gu [20] md tvorba B-formy hornf a doln0 kritick0 teplotn0
hranicu (f"* d T"**). Podas izotermickej kryStalizdcie nepo-
hybujfcej sa polypropyl6novej taven iny pri teplote medzi T"*
a T"** je tvoren6 6istd p-forma. Pri teplote trocha niZ5ej ako
T"** vznikd pri kryStaliz6cii zmieSand polymdrfna Strukt0ra.
Vo vldknach farbenyich chinakrid6novfm pigmentom zadlna
kryStalizdcia pri teplote nad Tc** a produkuje zvdzkov6 (she-
af-like) sferolity. Vplyvom chladenia filamentov teplota klesd
pod T"**, dosial' nevykry5talizovanf materidl existujrici vo
vldkne kryStalizuje pri niZ5ejteplote a vytvdra mal6 mnoZstvo
cr-formy. Vlisledn6 a-kry5t6ly s0 znadne rozdispergovan6
v existujrlcich B-sferolitoch a nie s[ viditelh6 na povrchu vldk-
na [21].

TvazkovA (sheaf-like) Struktlra sferolitov je tvorend zo
zv dzkov lam eldrnych kryStdlov, ktor6 vytvdraj I pociatoan tJl
road-like (tycinkov0) Strukturu a pomocou vetuenia lamiel sa
rozvt1a1I medzi zvdzky ,22-241. Pri vlaknach s vy55imi odta-
hovfmi rfchlostami (200, 300 m/min) dochddza k rfchlej-
Siemu chladeniu, kryStalizdcia sa zadina sk6r a teplota kryS-
talizdcie taveniny rlichlej5ie klesd pod T.**. Pri takfchto
podmien kach zaclnajfcej kryStalizacie dast materidlu vyvara
B-sferolity a zvy5ok materielu kryStalizuj0ci pri niZ5ejteplote
vytvdra a-sferolity ndhodne rozmiestnen6 po povrchu vldk-
na. Zvdzkov1 (sheaf- l ike) sferol i ty pozorovan6 u vldkien
s niZ5imi odtahovyimi nj'chlostami sa strecaj0 a na povrchu
vldkien sa vyskytuj0 iba okrlhle sferolity cx-modifik6cie. Pri
vyS5ich OR nad 1050 m/min sa sferoliticke Struktf ra, podob-
ne ako u nefarbenl ich vldkien, t ransformuje na f ibr i ldrnu
Struktfru a priemer fibril dosahuje rozmery 10G-150 nm.

Vplyvom ftalocyaninov6ho pigmentu je teplota kryStalizd-
cie niZ5ia neZ u vl6kien farbenfch chinakridonovlm pigmen-
tom, ale napriek tomu je nad T"**. U t)tchto vlakien je pri naj-
ni2Sich odtahovfch r lchlost iach formovand sferol i t icke
Struktfra. Podlh WAXS diagramu sa vo vldkne nachadzaj0
dva druhy sferol i tov a dve polymorfne formy. Jemn6
a okruhle sferolity s priemerom 1-3 mm s0 zlo2ene z cr-mo-
difikacie a zvdzkov6 (sheaf-like) sferolity z B-modifikdcie. Pri
OR > 200 m/min kryStalizacia prebieha pod T"**, zvdzkov6
sferolity sa str6caju a prevldda a-forma Struktfry. U vldkien
s OR > 300 m/min sa usporiadanim segmentov polypropyl6-
nov6ho relazca formuj0 nukleadn6 centrd, ktonich po6et je
ovplyvriovan! molekulovou orientdciou zdvislou na paramet-
roch formovania. Pri strednlch odtahoqich qichlostiach, ked'
po6et tfchto nuklei eSte nie je velmi velkf, rast0 lameldrne
kryStdly najprv kolmo k nukleadn6mu centru a potom sa roz-
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Sirujf do strdn a vetvia sa. Vfsledkom je tvorba morfologic-
klch utvarov s cylindrickou Struktf rou, ktor6 je moZnd vidiet
na povrchu vldkna ako pretiahnut6 sferolity. So zvySovanim
odtahovej rfchlosti vzraste orientdcia polypropyl6novjrch
retazcov a ndsledne vzrastd aj podet nukleadnlich centier
leZiacich paralelne k osi vldkna. Ked' je podet nukleivelkf
lameldrne kryStdly rastlce kolmfm smerom sa ryichlo stret-
n0 s kryitdlmi rast0cimi pozdlZne. AvSak rast kry5t6lov je
zastavenli e5te predtfm neZ sa zadn0 veNi{ a rozSirovat.
Doch6dza k tvorbe orientovanfch a nerozvetvenfch lamel6r-
nych kryStdlov. Pri vldknach s najvyS5im odtahom sa vply-
vom tahovfch sil moZu kryStdly ukladat pozdl2 osi vl6kna
a takto vytvdrat fibrildrnu Strukt0ru s priemerom fibril 100-150
nm.

Na zaklade toho mdZeme konStatovat, Ze pigmenty prida-
n6 do polym6rnejtaveniny ovplyvf,uj0 morfol6giu vldrkien iba
pri nizkych odtahovlich nj'chlostiach. Vplyvom pigmentov sa
tvori znainli pocet nukleacnfch centier, 6o m6 za ndsledok
zvlSenie nukleadnej hustoty a formovanie StruK0ry pozostd-
vajfcej z jemnfch sferolitov. So zvySovanim odtahovej ryich-
losti dochadza ku kryStalizacii na rade nuklef formovanfch
orientdciou polypropyl6no4ich retazcov, vplyv pigmentov
slabne a pri najvy55ej nichlosti (1350 m/min) sa stdva bez-
vfznamnfm.

Vplyv pigmentov, ako nuklea6nfch centier, na kinetiku
kryStalizdcie polypropylenu bol Studovan! v prdcach 14, 6, 25-
27). UkAzalo sa, Ze ryichlost kryStalizdcie a tieZ selektfvnost
posobenia vyznamne ovplyvr iuje Strukt0ra pigmentu
v polypropyl6ne, ktord zdvisf najmA od interakcii pigmentu
s dispergdtorom. Vplyv tfchto interakcii na kryStalizdciu po-
lypropylenu, vfznamnyi z teoretick6ho i praktickeho hl'adiska,
sa Studoval pomocou met6dy DSC. VhodnlTm experimentom
sa pri DSC analyze naSli celkovo Styri teplotn6 prechody,
zodpovedaj0ce Styrom kryStalickyim modifikacidm. Sldet te-
pelnfch efektov spojenfch s jednotlivlmi modifikdciami vel-
mi dobre koreSpondoval s celkovou entalpiou topenia pre
jednu najstabilnejSiu a-modifikaciu. Tvorba rozvetven;ich
kryStalickyich modifik6cii polypropyl6nu silne z6visi od Struk-
tury pigmentu a je tieZ vfznamne ovplyviovan6 teplotou pri
homogenizdcii koncentrdtu a polym6ru. Orientovan6 polypro-
pyl6nov6 vldkna vykazuj0 pri DSC meranI len jeden prechod,
ktoni koreSponduje so stabilnou cr-modifikdciou bez ohl'adu
na typ pigmentu a jeho koncentrdciu vo vldknach. Pri neo-
rientovanfch polypropyldnovyich vlaknach sa stanovili ni25ie
teploty prechodov, ktor6 sil spojen6 s rozdielmi v ramci jed-
nej modifikdcie (a, crl) alebo s rozdielnymimodifikdciami [4,
251. Tieto nisledky podporuj0 poznatok, Ze privznlku stabil-
nej a-kryStalickej modifikAcie polypropyl6nu vznikajI v prvej
fdze nestabiln6 formy. Cielbm tfchto prdc bolo aj stanove-
nie nuklea6nej idinnosti pigmentov na zdklade podielu tav-
nlich entalpii jednotlivfch kryStalickyich modifikacii [25]. Zis-
tilo sa, 2e najviidSinukleadnf 06inok na polypropylen majf
ftalocyaninov6 pigmenty (napr. C.l. Pigment Green 7 alebo
niektor6 mod16 pigmenty) [28]. Naopak, vel'mi malyi nukleac-
n! efekt a zanedbatelhy vplW na ryichlost kryStalizdcie vyka-
zal dierny pigment (C.1. Pigment Black 7), do sa vysvetluje
nevlTraznou kryStalicko u Stru kt0rou sadzt [271.

Polyamidov6 vlAkna sa sprdvajt ako polym6rfny polym6r-
ny syst6m, t.j. ich makromolekuly mdZu vytvdrat viac modi-
fikdcii. U polyamidor4ich vldkien boli stanoven6 Styri z6kladn6
Strukt6rne modifikdcie: amorfn6, o - monoklinickd, B - mono-
klinickd, y - hexagondlna.

KolektivA. Wlochowicza metddamiWAXS a SAXS sk6mal
polyamidov6 vldkna farben6 v hmote troma rozdielnymi pig-
mentami [29,301. PretoZe s[ pri kryStalizdciitaveniny polya-
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midu pritomn6 cudzie 6astice doch6dza k zmene kinetiky
kryStalizacie a morf ologie kryStal icklich oblasti.

Na ziiklade Sirokouhlovej (X-ray) rontgenovej difrakcie
moZno tvrdit, Ze pigmenty s0 kry5talick6. C.l. Pigment Blue
15 vykazuje cr-formu Strukttry [31]. Pigmenty s0 aplikovan6
vo forme granfl, ktor6 s! na mikroskopickfch snimkach vi-
ditel 'n6 ako nereguldrne bloky. Predpoklad6 sa, 2e podas
tvorby vldkna dochadza k zmen5ovaniu velkosti gran0l pig-
mentu. Z termick6ho pozorovania (DTA) moZno odvodit, 2e
teplota rozkladu kaZd6ho z pouZitl ich pigmentov je vy65ia
ako teplota taveniny polym6ru pocas zvl6kiovania. Zadlene-
nie pigmentov do polym6rnej taveniny v neorientovanom
syst6me spOsobuje zmeny kinetickyich parametrov izoterm ic-
kej kryStaliz6cie a pokles exotermick6ho piku pre neizoter-
micktl kry5taliz6ciu I32l Tieto zmeny su spojen6
s nukleadnou schopnostou pigmentov.

WAXS r4iskumy dokazali, Ze pri tvorbe polyamidor4ich vla-
kien sa formuje kryStalicka Strukt0ra, pridom kryStalickd f6za
predstavuje asi 40 % hmoty vldkna a je tvoren6 cr a y-modi-
fikaciou. Podla Fleuvela [33] sa y-forma tvori na orientacno-
indukovanfch nukleadnlich centrdch a q-forma Startuje
z heterog6nnych nuklef. Pritomnost oboch polym6rfnych fo-
riem vo vldkne indukuje zmie5anf charakter nukleiicie.

Pri nedlZenfch vldknach nefarbenlich i farbenfch pigmen-
tami C.l. Orange 5 a C.l. Red 53 je obsah y-formy viic5iako
cr-formy. Pre nedlZen6 vl6kna farben6 malfm mnoZstvom
pigmentu C. l .  B lue 15 kore5ponduje obsah cr  a y- formy
s hodnotami ziskanyimi pre in6 vldkna. Zui5enie mnoZstva
modr6ho pigmentu zapri6ihuje zvf5enie obsahu cr-formy,
pridom stupei kryStalinity sa nemeni. Ndrast obsahu cr-for-
my u vldkien farbenlTch pigmentom C.l. Blue 15 je spojenf
s nukleadnou aktivitou tohto pigmentu. M6Zeme povedat, Ze
vdaka zacleneniu tohto pigmentu do hmoty vlakna dochadza
k heterog6nnej nukledcii a k findlnemu n6rastu obsahu cr-
formy.

Stupei kryStaiinity md stfpajilcu tendenciu so zvySujticim
sa dlZiacim pomerom, av5ak vykazuje podobne hodnoty pre
farben6 i nefarben6 vlakna. To znamend, 2e pouZitl i  pigment
nema vplyv na stuperi kryStalinity. Zmeny stupna kryStalini-
ty sri spojen6 so zmenami obsahu polym6rfnych foriem.Zv,!-
Senie dl2iaceho pomeru sp6sobuje zniZenie obsahu 1-formy
a zvV5enie obsahu a{ormv.

HoOnoty dfZky peri6dy zo SAXS vliskumov poukazuj0 na
pritomnost vysoko usporiadanej lamel6rnej Struktlry. WAXS
vlskumy poturdili pritomnost dvoch typov am6rfnej lazy, je-
den je umiestnenf vn0tri mikrofibri l a druh17 medzi f ibri lami.
Ked'Ze pigmenty v hmote vldkna neexistujt i ako disperzie
jednotlivfch dastic ale tvoria zhluky s ovela viicSimi rozmer-
mi, nem6Zu byt umiestnen6 vo vn[tri lamiel. MdZeme teda
predpokladat, 2e zhluky pigmentov s0 umiestnen6 v am6r-
fnych interfibri larnych oblastiach. To potvrdzuje zistenie, Ze
zmeny Struktirrnych parametrov pre dlZene farben6 vldkna
prebieha tlm ishim sp6sobom ako pre nefarben6 vlSkna a s0
nez6vislei od prltomnosti pigmentov.

3 VPLYV PIGMENTOV NA VYBRANE VLRSTruOSTI
VLAKIEN

Mechanick6 vlastnosti
Mechanick6 v lastnost i  v l6k ien z6vis ia od molekulovej

a nadmolekulovej  Strukt0ry v lak ien.  DdleZi t fmi  faktormi
ovplyvfiuj0cimi pevnost vlakien s[ dlZka retazca, distrib0cia
molekulovej hmotnosti a stereoregularita. Vo vSeobecnosti sa
pevnost vlakien zvy5uje so zviidSuj0cou sa dlZkou relazca,
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stereoregularitou a z[2en[m distib0cie molekulovej hmotnos-
ti. Okrem nadmolekulovej Struktury je doleZitd aj kryStalinita
a orient6cia vlakien. lch zvySovanie vedie k zr4iSeniu pevnos-
t iv ldkien.

Vplyvom tepeln6ho ustalbvania (termofixdcie) na nadmo-
lekulov0 Strukt0ru a ndsledne aj na mechanick6 vlastnosti
vlakien farbenlich v hmote sa zaoberali v prdcach [3, 34].

Podas tepeln6ho ustalbvania dochddza k prestavbe nad-
molekulovej Struktfry vldkien. Zmeny ved[ k vyS5iemu uspo-
riadaniu makromolek0l v kryStalickfch oblastiach, pridom sa
formuje spravidla stabi lnej5ia a dokonalej5ia Strukttra.
V menej usporiadan;ich oblastiach dochAdza spravidla k zn[-
Zeniu usporiadanosti retazcov. V kryStalicklch oblastiach sa
eliminuj0 defekty a zdokonal'uje sa kryStalicka mrielka. 26-
rovefr dochddza k ndrastu velkosti kryStalitov a kryStalinity
vl6kien.

V polypropyl6novyich vldknach sa vyskytuje bud'mezof6-
zovd Strukt0ra alebo diastocne kryStalicka Strukt0ra obsahu-
juca dve rozdielne polypropylenov6 polym6rfne formy: cr a B
formu. lch tvorba je zavisla na podmienkach tvorby vldkna
a materi6lovfch parametroch. Mezofdzova Strukt0ra a B-for-
ma mOZu byt podroben6 transformdcii na ovel'a stabilnej5iu
a-formu. Podas tepeln6ho ustalbvania m62e rekryStalizdcia
kryStalitov p-formy prebiehat v dvoch smeroch, ako BB re-
kryStalizacia, alebo Bcr rekryStalizeicia [35]. F0 rekryStalizdcia
sa vyskytuje vo vn0tri p-formy a vedie k jej zdokonaleniu. Po-
6as ohrevu nad 70'C sa mezofdzovd Struktr.rra meni na a-
formu. Stupei konverzie je funkciou 6asu a teploty. pcr re-
kryStalizacia je spojend s polymorfnou transformdciou B -+
o [36], Kora nastdva pri chladenikryStalizujfcejtaveniny pod
kritick0 teolotu 100 "C.

V procese tvorby vldkien sa orientdcia vldkniteho materi-
6lu zvySuje s narastaj0cou odtahovou nj'chlos{ou. Pri vyso-
kfch odtahovlich 4ichlostiach dochddza ku kryStalizdcii vo
vnritri tuhn0ceho polym6rneho pr[du, hlavne na nukleadnyich
centrdch vytvoren;ich podas orientdcie. Pigmenty pritomn6
v tavenine kryStalizuj0ceho polym6ru s[ vytliidan6 mimo
rastlce kry5t6ly. Castice agregovanfch pigmentov s roz-
mermi porovnatel'nymi s priemerom fibril s0 lokalizovan6
v interfibril6rnej z6ne [37]. Podas dlZenia vl6kien prebieha
proces fibrilizdcie. PretoZe interfibrildrna koh6zia je nizka, 6o
je vfsledkom nizkej hodnoty prepojenia retazcov a slabfch
interfibril6rnych viizieb, f ibriliza6nli proces polypropyl6noqich
vlakien orebieha lahko. Podas fibrilizdcie dochAdza k oosuvu
susednlich fibril a k ich vzdjomn6mu pre5mykovaniu, pricom
za sebou nechavaji volh6 miesta. Vplyvom lokalizovanlich
napeiti sp6sobenlich defektmi sa pr6zdne miesta natiahn0
kolmo k osi vldkna a dochddza k separ6cii zvdzkov fibril. Pri
nizkych zataZeniach sa na povrchu vldkien objavi nepravi-
delna siet s trhlinami [38]. Trhliny m62u byt definovand ako
roztiahnut6 z6ny okolo vyrovnan;ich fibril striedaj0cich sa
s predlZenlmi prdzdnymi miestami, pridom obe su paralelne
s osou dl2enia [39]. Cim je vAdSia tahovd deformdcia, tyim
viac sa vl6kna orientuj0, prie6ne trhliny sa zvai65uj0 aZ na-
stava prietrh vldkna. Pigmenty situovan6 v interfibrildrnych
oblastiach brania vzdjomndmu preloZeniu fibril. Podetne po-
strann6 prdzdne miesta s[ teda formovan6 pritomnostou pig-
mentov, co vedie k zniZeniu pevnosti vldkien.

Tepeln6 ustalbvanie vl6kien vedie k prestavbe nadmole-
kulovej Strukt0ry, elimindcii defektov a zdokonaleniu krySta-
lickej siete. Rozsah zaznamenanlich zmien z6visi na teplo-
te ustalbvania, pridom zmeny s0 viid5ie so zvy6uj0cou sa
teplotou ustalbvania od 120 do 140 "C. Pri ustalbvani nad
1 50-160 oC nast6va proces dekompozicie vldkien, nastevajf
znadn6 zmeny Struktfrnych parametrov a zhorSenie pevnosti
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nefarbenfch vldkien. Pigmenty podporujI zlep5enie Strukt0ry
vldkien. Pri tvorbe vlakna je vplyv pigmentov na nadmoleku-
lovri Struktfru kryStalizuj[ceho polym6ru ovel'a men5i neZ
podas kryStalizdrcie z nepohybuj0cej sa taveniny. Pritomnost
pigmentov podas tepeln6ho ustalbvania vedie k zdokona-
leniu nadmolekulovej Strukt0ry a k tvorbe stabilnej5ej Struk-
t0ry s vySSou kryStalinitou. Ako 4isledok tepeln6ho ustalb-
vania dochddza k zvf5eniu energie medzifibril6rnej koh6zie,
6o md za ndsledok zniZenie prietrhovosti vliikien. Nad tep-
lotou ustalbvania 150'C sa za6ina taviaci proces, 6o vedie
k prudk6mu znlZeniu napdtovo-deformadnlich vlastnostf vld-
kien.

Optick6 vlastnosti
Okrem mechanicko-fyzikdlnych vlastnosti m62e morfolo-

gicka Struktlra vl6kien vpllivat aj na optick6 vlastnosti, napr.
brilanciu vyfarbenia. Aj ked'pojem brilancia nie je presne
vysvetlenli rozumie sa pod nim sftost a r4iraznost vyfarbe-
nia doprev6dzan0 transparenciou a leskom. Farebnost l 'ubo-
vol'n6ho telesa je v podstate urdovand dvoma zakladnfmi
fyzikdlnymi javmi:  adsorpciou svet la a rozptylom svet la.
V pripade vldkien farbenfch v hmote zdvisi konednf fareb-
nyi vnem od koncentrdcie a Specifickfch rozptylovlich koefi-
cientov jednotlivfch pigmentovlich komponentov, ale qj od
optickfch vlastnosti vlastn6ho polym6rneho prostredia. Spe-
cifick6 optick6 a koloristick6 vlastnosti pigmentov sti charak-
terizovan6 hlavne ich chemickou stavbou, indexom lomu,
velkostou dastic a distrib0ciou velkosti 6astlc pigmentu. Pre
vSetky pigmenty pre transparentn6 vyfarbenie je rozptyl svet-
la neZiadfci. Naopak, rozptyl svetla je Zelatel'nou vlastnos-
tou bielych pigmentov, pretoZe urduje ich bieliacu a kryciu
schopnost. Priemer 6astice optimalne rozptylujtcej viditel'n6
svetlo je moZn6 ziskat z nasledujfceho vztahu:

D =  t r
n / 2 ( n o  - n " )  ( 3 )

kde l, - vlnovd dDka viditel'n6ho svetla, no - index lomu roz-
ptyl'uj0cej dastice, ns - index lomu polym6rneho prostredia.

Okrem f aktorov srlvisiacich s pritom n osto u pi g me ntovlich
dastic v hmote vliikien vpllvaji na brilanciu ich vyfarbenia
povrchov6 a vnritorn6 Strukt0rne efekty.

Vnutorn6 Strukt0rne efekty s0 vyvolan6 pritomnostou izo-
tropnfch alebo anizotropnfch nehomogenit, ktore maj0 od-
liSnf index lomu svetla ako polym6rne prostredie, 6o zaprl-
difruje rozptyl svetla a zarad'uje tieto efekty medzi pridiny
zhorsenia optickych vlastnostf vliikien [40]. Tvar, vel'kost
a mnoZstuo vznikaj[cich nehomogenit zdvisiod kryStalizac-
nej schopnost i  polymeru, od podmienok zvldkhovania
a pritomnosti interagujricich aditiv.

Technikou SALS boli sledovan6 optick6 vlastnosti polypro-
pyl6novfch vl6kien v z6vislosti od ich vn0tornej morfologic-
kej Struktury [41]. Z vyisledkov vyplfva, Ze pritomnost sfero-
litickych morfologickfch Struktfr vznikaj0cich v procese
tvorby vldkna md vliznamnf vplyv na brilanciu vyfarbenia
polypropyl6novlch vldkien. lch pritomnost zniZuje brilanciu
a lesk konedn6ho efektu vyfarbenia vldkien z ddvodu rozptylu
svetla na tlichto Strukt0rnych 0tvaroch. Zlepsenie optickyich
vlastnosti a z4iSenie homogenity vntltornej morfologickej
Strukt[ry polypropyl6novfch vldkien je moZne zqi5enim od-
tahovej nichlosti pri znlZenom stupni dlZenia, alebo zvli5enim
teploty dlZenia pri niZSej odtahovej n-ichlosti kontinu6lneho
sp6sobu pripravy vldkien. Treba v5ak mat na zreteli,2e zlep-
Senie optickfch vlastnosti vldkien nemusi kore5pondova{ aj
so zlepSenfm mechanickfch vlastnostl vl6kien.
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Povrchov6 efekty stl vel'mi d6leZit6 faktory, ktor6 moZno
ovplyviovat predov5etkyim zmenou profilu vldkien (vl6kna
s nekruho4im prierezom). Pre hodnotenie efektfvnosti pro-
filovania boli hl'adan6 r6zne sp6soby vyjadrenia tejto vlast-
nosti a z najdastej5ie pouZivanlich treba spomen0t stuperi
rozvetvenia R, stupefr zaplnenia Z, stupei dlenitosti C
a stupei deformdcie D [41]. Sledovanim vplyvu geometric-
kfch faktorov na farebnost vldkien farbenfch v hmote sa
zaoberal Steinlin 1421, ktory zaviedol pre charakterizovanie
prie6neho profilu vl6kna tvaroqi index Fl:

F l  =  28 ,2*  -  100 (4 ). J F

kde U - obvod priedneho profilu vl6kna, F - plocha priedne-
ho orofilu vl6kna.

Tvarovli index je bezrozmernd velidina, ktor0 moZno l'ahko
stanovit z mikroskopic$?ch fotografii, pretoZe je nez6visl6 na
zvolenom zviid5enIa dl2kovej hmotnosti vl6kien. Knopp [43]
meranim intenzity odrazen6ho svetla na polyamidovom hod-
v6be zistil, 2e u vldkien s tzv. trojuholnikovyim profilom st[-
pa intenzita odrazen6ho svetla s pribliZovanim sa Waru prie6-
neho profilu vldkna ku geometrickdmu trojuholniku.

Sledovanlm vplyvu priecneho profilu polypropyl6novlich
vldkien na ich farebnost na zdklade merania celkov6ho fa-
rebn6ho rozdielu a jeho zloZiek pomocou Spektrofotometra
RFC 1631 sa zistilo, Ze okrem zmeny priedneho profilu vlak-
na majI na jeho koloristick6 vlastnosti vel'kii vplyv
i technologick6 operdcie Ipravy vl6kien, napr. tvarovanie
[44]. Tvarovanie spdsobuje znadn6 zmeny v koloristickych
vlastnostiach spracovanfch vldkien deformdciou povrchu
vldkna a tlim zhor5en[m pomerov pre odraz svetla v ne-
prospech brilancie vyfarbenia.

Pigmenty pritomn6 vo farben;ich vlaknach neovplyvnujI
iba mechanick6 a koloristick6 vlastnosti, ale vplfvaj0 i na
povrchov6 vlastnost i  v lakien. Tento vplyv zAvisi  od ich
mnoZstva, velkosti dastlc a taktieZ vzdjomnej znd5anlivosti
s prostredfm.

V procese pripravy i spracovania syntetickfch vldkien do-
chddza k ich kontaktu s vodiacimi prvkami a ostatnfmi 6as-
tami strojnyich zariadenf. Vzdjomnd interakcia je sprevddza-
n6 trenim vldkna na stycnfch plochdch. Zvii65ovanim
drsnosti povrchu vodiacich prvkov dochddza k narfSaniu
povrchu vldkien, vzniku prietrhov, chlpatosti a zniZeniu pev-
nosti vldkien. Na zdklade dosiahnutlich u/sledkov hodnote-
nia vplyvu obsahu organiclqich sadzl o r6znej velkosti primdr-
nych 6astfc na trecie vlastnosti viacenj'ch druhov syntetickych
vlakien (PP, PA6 a PET) sa d6 povedat, 2e s narastajucim
obsahom sadzi kles6 u PET vlakien koeficient trenia [45]. Do
obsahu 1,5% hm. sadzi md koeficient trenia menSiu hodno-
tu ako u nemodifikovan6ho vldkna. Pravdepodobne maj0
sadze stuZujrici charakter a vyrovndvaj0 povrch vl6kna. Nad
1 ,5% hm. sadzi sa zadina na povrchu vldkna objavovat co-
razviac nerovnomernostl. Samozrejme treba brat do 0vahy
aj charakter povrchu stydn)rch ploch. Najviid5ie hodnoty tre-
nia bol i  nameran6 u s0diastok z leskl6ho chr6mu, hl inika
a mosadze. NajniZSie hodnoty koeficienta trenia sa dosiahli
na zariadeniach z matn6ho chr6mu.

TaktieZ sa potvrdilo, Ze zvy5ovanim stydnej plochy zaria-
denie/vldkno a teda i vytvarovanfm vldkna sa zvySuje koefi-
cient trenia. Na velkost koeficientu trenia vplfva i typ zvldk-
iovan6ho polym6ru. Zdvisl to od pol6rneho charakteru sadzi
a polym6ru a ich vzdjomnej zndSanlivosti. V pripade polya-
midouich vl6kien sa dd povedat, Ze zniZovanlm velkosti pri-
marnych 6astlc sadzi kles6 aj koeficient trenia.
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Preto pri prlprave vldkien farben;ich v hmote s poiado-
vanfmi vlastnostami je treba brat do 0vahy vSetky tieto fak-
rory.

4 TLAE TEXTILNVCH MATERIALOV

Tlac textilnfch materi6lov mOZeme zaradit do odvetvia
zu5l'achtovania textilii a rozdelit ju podl'a [46a8]:

a) pouZiteho strojn6ho zariadenia: - filmovd tlad, valcovd
hlbkotlac a prenosovd tla6

b) podl'a techniky vytv6rania vzorov: - priama tlad, tla6
rezeruou, tla6 leptom, hlbkotlad a filmovd tlad

Tlad pigmentovfmi farbivami
Pigmentovd tlad predstavuje d6leZihi technologicklT postup

potld6ania textili i. Pri potladi sa pigmenty zachytaivajil na
povrchu vldkien 6isto mechanicky, pomocou vhodnlich poji-
diel. Ulohou pojidla je vytuorit film, ktoni spojivldkno a dasti-
ce pigmentu a zaf ixuje ich. Musi mat dobr[  schopnost
k tvorbe transparentn6ho bezfarebn6ho filmu takej hrubky,
aby nebol privelmi tvrdf ani lepivli, ale aby bol elastickf a
stabilnli k mechanick6mu a chemick6mu pdsobeniu. Najpo-
uZivanej5ie pojidla s0 akryldtov6 a butadienov6. [49]. Posky-
tujrl dobr6 stalosti za mokra, pri chemickom disteni a na svet-
le.  Vfber poj iva pre t la6 je rozhodujr ic im krokom pri
zostavovdn i recept[ r pre uspokojenie Specif iclc/ch poZiada-
viek. Pojiva vyrazne ovplyvnuj0 vlastnosti findlnej textilie.
St6lost textilie v otere sfvisi s jeho zosietovacou schopnos-
tou. Pre stalost vyfarbenia je zase rozhoduj0ci typ a mnoZ-
stvo pojiva. D6leZitd je tieZ jeho adh6zia k pigmentom. Poji-
vd m6Zu degradovat p6sobenim UV Ziarenia a unikaj0ce
vedl'ajSie produkty spdsobujri zmenu farebn6ho odtiena tex-
til ie [50].

Na zlepsenie 0Zitko{ch vlastnosti tla6ou.ich farieb sa po-
uZivajf aj d'alSie prisady:

Zahusbvadl{ - najsk6r sa pouZivali natlvne makromole-
kulov6 ldtky koloidnej povahy alebo ich derivdty, neskdr sa
pre5lo k emulznfm zahustovadldm obsahuj0cim lakouf ben-
zln a ktor6 sa z ekologicklch a bezpednostnych d6vodov uZ
nepouZfvaj[. Uplatnenie na6li syntetick6 zahustovadl6 na
bAze polykarb6novfch kyselin, vlhodou ktoryich je vysokd
6istota, dobr6 tokov6 vlastnosti a ekologicka nezdvadnost.
Koncom 90. rokov minul6ho storodia bol na trh uvedenf nouj'
zahustovaci prostriedok s obchodnlm ndzvom Lutexal, vy-
znaiujuci  sa dobrou stabi l i tou a malfm sklonom k sedi-
menteci i  [51].

Fixadne prostriedky - na zosietenie pojidiel a syntetickyich
zahustovadiel, 6im sa dosiahnf vliborn6 st6losti za mokra

Zmdkcovadld - pre lepSiohmat potladenfch textilil
Modifikdtory reologick,ich vlastnosti a odpefiovaie.
Vplyv tokovych vlastnosti zahustovadiel a tladovyich f arieb

na tlac
Kvalita tla6e je v zna6nej miere ovplyvnend reologickfm

sprdvanim zahustovadiel a tladouich p6st. Tokov6 vlastnosti
zahustovadiel sa mdZu menit ucinkom prisad pouZivanlich do
tlacovlich farieb [52]. Tladov6 farby s0 pri tla6i vystaven6
mechanick6mu namdhaniu, pridom Smykovd nichlost a Smy-
kov6 napiitie s[ zdvisle na druhu postupu tla6e. Okrem
ostrostitla6e [53]je od tokovfch vlastnostiach zdvisld aj rov-
nomernost tla6e. Sledovanim vplyvu vybradch ostacetowch
farbiv na tokovd vlastnosti bolo zisten6, Ze v5etky sk0man6
farbivd zniZovali viskozitu zahustovadiel [54]. Pri pou2itisyn-
tetick6ho zahustovadla na bAze kyseliny polyakrylovej pri
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obr. 2 Sch6ma r*,ii"jli,lil:r*enie,syntetickych vldkien

rieb (CMYK). Velkf vplyv md i druh pouZigich farbiv. Pri po-
tladi reaktivnymi farbivami sa vyZaduje dokonald predripra-
va tkanin a po tla6i parenie a z6veredn6 pranie. Pigmentov6
tla6ov6 farby musia obsahovat polymerizovatel'n0 prisadu,
ktord fixuje farbivo na povrchu textilie po vytvrdenl teplom
alebo UV Ziarenim. Zvlall zaujimavyi je preto vfvoj Zivo6i5-
nych spojiv, ktorfmi sa dosiahn0 vysok6 oterov6 stdlosti a
dobryi ohmat. Pre hardwarov6 vybavenie v pripade potleda-
nia textili i je rozhoduj0cim parametrom nj'chlost tla6e [57].

5 FARBENIE SYNTETICKfCN VIAXICru
v NADKRTTICKOM CO2

Nadkriticlgi CO, pri tlakoch okolo 200-300 bar a teplotdch
nad 30 "C predstavuje podl'a viaceryich 4iskumov [58-64]
vynikaj0ce farbiace m6dium na farbenie synteticklich vl6kien.
Je to proces analogickli s procesom farbenia syntetickych
vldkien vo vodnlich systdmoch, av5ak s celou radou rnihod.
Tento farbiaci  syst6m umoZiuje pruZnf sp6sob prace
s ekonomickfmi a ekologickfmi prednostami.  Ked'Ze sa
v tomto procese nepouZiva voda nedoch Adzakjej zne6isto-
vaniu, odpad6 potreba redukcneho prania a suSenia, nena-
absorbovan6 farbivo a CO21e moZn6 znovu pouZit.

CO2 v nadkritickom stave md Specifick6 vlastnosti. Jeho
hustota a rozpustnost je podobna kvapalinam, ale viskozita
a diffzne vlastnosti podobn6 plynom. Kl'06ovou vlastnostou
nadkritick6ho CO2 (SC CO.) ako farbiaceho m6dia je schop-
nost rozprl5tat hydrof6bne ldtky, vratene disperznlich farbiv.
Nadkritickd tekutina md v procese farbenia dve rilohy:

1. zahrieva substrdt, ktorf zvy5uje pohyb makromolekrll
vldkna a tak zviidSuje volhf objem polym6ru

2. transportuje farbivo [65].
V procese farbenia v SC CO, su d6leZit6 inform6cie

o chovanl vlakien a ich fyzikdlnych vlastnostiach v SC CO.
[66, 671 a fdaje o rozpustnosti pouZitfch farbiv [68]. Vlskum
smeruje k roz5ireniu sortimentu pouZihich farbfv [69, 70], lep-
Siemu poznaniu diffznych procesov pri farbeni [7'l] a tieZ
k rozSlren iu apl ikiicie nadkritick6ho CO 2 17 21.

Vplyv potlade a farbenia chemicklch vlSkien v hmote na ich
Strukt0ru a vlastnostije zatial'm6lo preskrimanf a publikovan;i.
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Obr. 1 Kontinudlna ink jet technoldgia

potladi textilii reaktlvnymi farbivami sa zistilo, Ze je citlive na
elektrolyty a in6 chemick6 l6tky pritomn6 v paste a preto je
vel'mi {aZk6 kontrolovat vyislednu viskozitu tlacovej pasty.
Vfchodiskom sa uk6zalo pouZi t ie  zmesi  a lg indtov6ho
a syntetick6ho zahustovadla [55, 56].

Digit6lna tla6
V poslednlich rokoch vel'mi vzrdstol zdujem o aplikdciu

digit6lnych tladowch technol6gii, hlavne INK JET technol6-
gie z polygrafick6ho priemyslu prisp6sobenej pre potlad pa-
piera a textilnlich materidlov. Ink jet je technol6gia, pri ktorej
sa tla6ov6 farba nan65a na substrdt v presne vymedzenfch
miestach vo forme kvapiek produkovanlich dyizami, ktor6 s0
riaden6 po6fta6om. Jej vyihoda je v tom, Ze je to bezdotyko-
v6 priama tlad s vel'kfmi vzorovacimi moinos{ami, ktord
umoZiuje. v jednom kroku tladit vzor bez ohl'adu na opako-
vatelhf dlZku. Tlad je nehludnd a dd sa aplikovat na r6zne
typy povrchov. Ink jet technologie moZno rozdelif do dvoch
zakladnfch skupin:

1. Continuous ink iet (CIJ) - kvapky sa tvoria nepretrZite a
selektlvne sa nand5aj[. Tvorba kvapiek je stimulovand pie-
zoelektrickfm prevodnikom s vysokou frekvenciou. Sri znd-
me dva sp6soby ClJ. Pri prvom sa pre tla6 vyuZivajrl kvap-
ky, ktor6 s[ elektricky nabit6 a ich 4ichylka v elektrickom poli
je 0mernd ich elektrick6mu ndboju. Kvapky, ktor6 nie s[ elek-
tricky nabit6 sa hromadia v zberadi. lde o multifunkdnf sp6-
sob. Pri druhom spdsobe tzv. bin6rnom sa na potladi podie-
l 'aj[ kvapky bez elektrick6ho n6boja a nabit6 kvapky sa
zachytavajI v zberaci.

2. Drop-on-demand (DOD) - kvapky sa tvoria a nanii5ajti
preruSovane. Na vytvorenie a vytladenie kvapky cez dfzu boli
vyvinut6 Styri syst6my: elektrickf impulz, expanzia piezoelek-
trickyich materi6lov, spojenie tlakov6ho zdsobnrka s ddvko-
vacim ventilom a elektrostatickf ink jet (vplyv elektrostatic-
k6ho potencidlu medi dyzou a elektr6dou).

Oproti klasicklim postupom potlace sa pri pouZiti ink jet
technol6gle rieSilo niekolko probl6mov. Prv6 zdsadnd zme-
na je v recept0re tla6ovych farieb, ktor6 musia vyhovova{
poZiadavkdm na povrchov6 napdtie a viskozitu. Pre obe tech-
nologie sa vyZaduje vysok6 povrchov6 napiitie pri potladi, ale
po natlaceni md byt jeho hodnota pod [roviou povrchovej
energie potld6an6ho materidlu. Priv5etklich dejoch, ktor6 sa
odohrdvajf pri tvorbe kvapky a jej aplikdcii na material je
vliznamnlim parametrom viskozita. V porovnani s pastami
pre tradicn6 textiln6 tla6ov6 techniky musia mat farby pre ink
iet viskozitu vel'mi nizku. DalSim probl6mom pri poiladije
potreba veid5ieho po6tu farieb. Pre tla6 na textilie musi byt
Skala dosiahnutfch odtiefiov ovel'a viicSia ako pre tlad na
papier, ktord vyuZlva trichromatickri koncepciu mieSania fa-

Vl+kna a textil 11 (4) 140-146 (2004\ 145



VlTskum

LITERATURA

'' l  .  A. Marcindin, l .  Hudec. J. Mall ing: Technol6gia materidlov
2002,  s .82

2.  J .  Broda,  A .  Wlochowicz :  Eur .  Po lym.  J .36 ,2000,  s .  1283
3. J. Broda, C. Slusarczyk, A. Wlochowicz: J. Appl. Polym. Sci

73 ,  1999,  s .477488
4. A. Marcin6in, A. Ujhelyiovd, T. Marcindinovd: Vldkna a text i l

2. 1994. s. 81-88
5. B. Lazi i ,  R. Jovanovi6: Meliand Texti lberichte 9, 1994, s.

754-762
6. A. Marcindin, A. Ujhelyiov6, K. Marcindin, T. Marcin6inovd:

V ldkna a tex t i l  3  (3 ) ,  1996,  s .92-99
7. A. Marcin6in, A. Ujhelyiovd, E. Zemanovd, T. Marcindinovi i :

Vldkna atexti l  B (4), 2001, s. 267-272
8.  B .  F i l lon  e t  a l . :  J .  Po lym.  Sc i . ,  Par t  B ,  Po lymer  Phys .31 ,

1993,  s .  1047
9. J. Varga, J. Karger-Kocsis: Polymer Bullet in 30, 1993, s. 105

10. J. Garbaczyk et al. :  Col loid and Polymer Science 263, 1985,
s. 985-990

11. J. Garbaczyk et al. :Polymer Communications 30, 1989, s.
1 53-1 57

12.  J .  Broda:  Po lymer  44 ,2003,  s .1619- l629
13. L. Li,  et al. :  Macromolecules 32, 1999, s. 8240
14. L. Li,  et al. :  Macromolecules 34, 2001, s. 3l6
15.  l .A .  A l -Rahe i l  e t  a l . :  J .  App l .  Po lym.  Sc i .67 ,  1998,  s .  1259
16. J. Hautojarvi,  A. Lei jala: J. Appl. Polym, Sci 74, 1999, s. 1242
'17 .  J .  Hauto j i i r v i ,  H .  N iemi :  Tex .  Res .  J .70  (9 ) ,2000,  s .820
18. K. Cri imer, M. Schneider, R. MLilhaupt, H.J. Cantow, S.N.

Magonov: Polym. Bull ,  32, 1994, s. 637
19. A.W. Monks, H.M. White, D.C. Bassett:  Polymer 37, 1996,

s. 5933
20.  J .  Varga:  J .  Therm.  Ana l .35 ,  1989,  s .  1981
21 . B. Lotz, B. Fi l lon, A. Therry, J.C. Wittmam: Polym. Bull .  25,

1 9 9 1 ,  s .  1 0 1
22.  G.  Sh i ,  X .Zang,  Z .  Q iu :  Macromol .  Chem.  193,  1992,  s .  583
23. J. Varga, G.W. Ehrenstein: Colloid Polym., Sci.  275, 1997,

s . 5 1 1
24. D. Tri fonova Van Haeringen, J. Varga, G.W. Ehrenstein,

G.J. Nancso: J. Polym. Sci. ,  Part B: Polym. Phys. 38, 2000,
s . 6 7 2

25. A. Marcindin, A. Ulhelyiovd, K. Marcindin, P. Alexy: J.
Thermal  Any l .46 ,  1996,  s .  581-595

26. A. Ujhelyiovd, A. Marcindin, M. KisS, T. Marcin6inovd: J.
Thermal Anal.46, 1996, s. 612-626

27. K. Marcindin, A. Marcin6in, E. Pa5kovd: Proc, In: Modif ied
Polymers, IUPAC, Bratislava, 1988, s. 47-48

28. A. Marcindin a i . :  Vl6kna atexti l  6 (3), 1999, s. 119-124
29. A. Wlochowicz, J. Broda: Acta Polymer. 43, 1992, s. 252-

257
30. A. Wlochowicz, C. Slusarczyk, J. Broda: Chemick6 vldkna

4,  1988.  s .265-273
31.  B ,  Hon igmann,  H.U.  Lenne,  R.  Schrode l :  Z .  Kr is ta l logr ,  122,

1 9 6 5 ,  s .  1 8 5
32.  M.  Eder ,  A .  Wlochowicz :  J .  Therm.  Ana l .35 ,  1989,  s .751
33.  H.M.  Heuve l ,  R .  Hu isman:  J .  App l .  Po lymer  Sc i .26 ,  1981,

s . 7 1 3
34. J. Broda et al. :  Fibres and Texti les in EE, January/March

1999,  s .  29-32

Research

3 5 .  J .  V a r g a :  J .  T h e r m a l  A n a l . 3 1 , 1 9 8 6 ,  s , 1 6 5
36. J. Karger * Kocsis: J. Polypropylene: Structure, Blend and

Composites; Chapman and Hall ,  1995, London UK
37. J. Broda, E. Sarna, A. Wlochowicz: Fibres and Texti les in

EE 6 .  1998.  s .  55
38. D. Gregor-Svetec, S. Malej-Kveder, P. Zipper, A. Jdnosi:

Co l lo id  Po lym.  Sc i .  275,  1997,  s .  617
39. A. Garton, D.J. Carlson, P.Z. Sturgeon, D.M. Wiles: J. Polym.

Sc i ,  Po lym.  Phys .  Ed.  15 ,  1977,  s .  2013
40. R.J. Tabar, C.T. Munay, R.S. Stein: J. Polym Sci.,  Part B

Phys ics  Ed i t ion  21  ,  1983,  s .  831
41 . A. BlaZej, S. Sutd: Vlastnosti  text i lnl ich vldkien, Alfa

Bratislava, 1982
42. F. Steinl in: Mell iand Texti lberichte 64. 1983. s.212-216
43. H. Knopp: Lenziger Berichte 36, 1974, s. 160-167
44. M. Macura: Chemick6 vldkna 3-4, 1990, s. 102-109
45. O. Brejka: Vl i ikna atexti l  4 (1), 1997, s.2-8
46. V. Havl ik: Fi lmov! t isk v deskoskal ickem Texti lnlm m[zeu
47. kolektiv autorov: Prirudka pro textilnl barviie a tiskaie, Praha,

1976
48. P. Hodul: VlAkna a text i l  6 (1), 1999, s. 47-50
49. M. Prdi i l ,  R. Pastrndk: Technol6gie zu5lechtovdni, Liberec
50. America's Texti les International 3. 1996. s.70-72
51. Meliand Texti lberichte 3, 1999, s. 192-194
52, J. Bel la: Sprdva VUZ Dv0r Krdlovd n. 1.,  1970
53. D. Higgnbotham: J. Soc. of Dyers and Colourist 69, 1953,

s. 569-575
54. M. Prdi i l ,  T.L. Dang: Vldkna atexti l  3 (2), 1996, s. B9-9' l
55. E,P.A. Kumbasar, M. Bide: Dyes and Pigments 47,2000,s.

1 B9-1 99,
56. S. Sostar, P. Plajn5ek: Teksti lec 40, 1997, s.342-345
57. P. Hodul: Vldkna a text i l  6 (1 ),  1999, s. 47-50
58. D. Knittel et al. :  Meliand Texti lberichte 5, 1994. s. 388-391
59. Uhde: Farben mit Llberkri t ischem COr: Meliand Texti lberichte

10.  1995.  s .  889
60. D. Knittel,  E. Schollmeyer: Meliand Texti lberichte 12, 1995,

s . 1 0 9 2 - 1 0 9 6
61.  D.  F ieb ig :  Me l iand Tex t i lber ich te  76  (1 ) ,  1995,  s .55-56
62. V. Golob, L. Tu5ek: Vldkna atexti l  B (4),2001, s, 250-253,
63 .  W.L .F .  Santos  e t  a l . :  J .  o {  Supercr i t i c la  F lu ids  19 ,2001,  s .

177--185,
64. Uhde at ITMA'95: Chem, Fibres Int.  (CFl) 45, 1995, s.399
65. D. Knittel,  et al. :  Journal of Texti le Inst i tute 84, 1993, s. 534-

552
66. M.J. Drews, C. Jordan, The effect of CS CO, dyeing

condit ions on the morphology of PET f ibres, AATCC, Book
of Papers, 1994, s. 261-272

67. M.S. Sfi l igoj,  P. Zipper: Colloid Polymer Sci.  276, 1998, s.
144-151

68.  L .  Tu5ek,  V .  Go lob :  Chem.  Techn ik  51 ,  1999,  s .79-83
69.  B .  Wagner ,  e t  a l . :  F lu id  Phase Equ i l ib r ia  158-160,  1999,  s .

707-712
70.  M.R.  De Giorg i  e t  a l . :  Dyes  and P igments  45 ,2000,  s .75-

79
71 . J von Schnitzler, R. Eggers: Journal of Supercri t ical Fluids

1 6 . 1 9 9 9 .  s . 8 1 - 9 2
72. F.5. Mandel, J.D. Wang: Inorganica Chimica Acta 294, 1999,

s . 2 1 4 - 2 2 3

146 vlekna a textil 11 (4) 1 40-1 46 (2004)



V;iskum Research

Modifikdcia polypropyl6nu za udelom farbenia PP vldkien
klasickfm postupom z kupela
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STU Bratislava, Fakulta chemickej a potravinerskej technoldgie,
Katedra vl{kien atextilu, Radlinskdho 9, 812 37 Bratislava,

Slovenskd republika
e- m ai I  :  ev a. bol hov a @ stuba. sk

1.  Uvod

V sfdasnosti je polypropylen (PP) jeden z najpouZlvanej-
Sich polym6rov na 4irobu syntetickfch vldkien. K jeho vfho-
ddm patria: moZnost vliroby Sirokdho sortimentu vldkien (tex-
tiln6, technick6, BCF, netkan6 textilie, vldkna ztolii a pdsky),
nizka Specifickd hmotnost, dob16 transportn6 i tepelnoizola6-
n6 vlastnosti a jeho nlzka cena. Polypropyl6nov6 vl6kna na-
ch6dzaj0 Siroke uplatnenie v bytovom textile a v poslednom
obdobf sa ich vyuZitie zvyi5ilo aj v automobilovom priemys-
le. Mal0 6ast predstavujti nekonedn6 vl6kna vo forme multi-
filamentov s aplikaciou pre odevn6 i bytov6 textilie. Nov6 im-
pulzy pre rozsirenie sortimentu PP vlakien poskytuj0 najmii
modifikadn6 postupy pri ich vfrobe, ktor6 umoZnuj0 pripra-
vit PP vl6kna so zlep5en;imi vlastnostami ako napr. elastic-
lqimi, sorpdnlimi, vldkna so zniZenyim elektrostatickfm n6bo-
jom, zlepSenou vyfarbitel'nostou z k[pel'a resp. potla6ou.
Posledn6 dva faktory s6 z hl'adiska aplikdcie polypropyl6nu
a PP vlakien v odevnom a bytovom textile velmi vfznamn6
a priamo sa dotfkaj0 vlivoja novyich postupov farbenia PP
vl6kien. Vlber a aplik6cia vhodn6ho modifikadneho postupu
na zlepSenie vlastnosti PP zavisi predov5et$im od poZiada-
viek, ktor6 s0 kladen6 na vyuZitie vldkien. Pri posudzovanl
ujhod alebo nevlhod modifika6n6ho postupu je d6leZitd poz-
nanie fyzikdlnych a chemickfch zmien, ktor6 pri modifikdcii
nastanu, pristrojovej ndro6nosti a metodiky. Niektor6 modi-
fikadn6 postupy z hl'adiska farbenia PP vldkien klasickfm
postupom na5li v Sir5om rozsahu uplatnenie aj v praxi.

Zlep5enii farbitelhost PP vldkien z kfpel'a umoZnIvyuZitie
novlich progresfvnych techno169ii kolorovania textilii ako nap-
rfklad vSetky druhy potlade ink jet print technoldgie, ktor6 sa
doteraz na nemodifikovan6 PP vl6kna nedaju pou2it. Zvld5t
je zaujimavd potlac kobercov a bytoqich textilii na bAze PP
vldkien.

ZlepSenie vyfarbitelhosti PP vl6kien z k0pela sa dd dosiah-
nut chemickou a fyzikdlnou modifikdciu PP vldkien alebo far-
benfm nemodifikovanfch PP vldkien najmA antrachin6novlmi
typmi disperznfch farbiv s dlhfm uhlbvodikovyim retazcom.
Vo vSeobecnosti plati, Ze pre schopnost vyfarbenia syntetic-
kfch vldkien klasicklim postupom musia byt splnen6 nasle-
dovn6 podmienky [1] :
r priestorovd prlstupnos{ vo vldkne pre molekuly farbiva, te-

da dostatodne amor4nd cast polym6ru s pohyblivfmi poly-
m6rnymi segmentami pri teplote farbenia nad teplotou
sklovit6ho prechodu. Preto napr. pri farbeni polyestero4Tch
vldkien sa vyZaduje tlakov6 farbenie bez alebo s prendSac-
mi.

r tuorba chemict<rj'ch alebo fyzikdlnych interakcii medzi mak-
romolekulami polymeru a farbivom, ktore zabezpeduj0
viazanie farbiva vo vldkne.
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2.  Chemick6 modi f ik i ic ia

Pri chemickej modifik6cii dochddza k vytvoreniu aktivnych
poldrnych funkdnyich skupin v zdkladnom retazci, alebo na
bodnfch substituentoch. Chemicke zavedenie poldrnych sku-
pin alebo retazcov do makromolekuly PP je moZn6 dosiahnut
niekolkimi sp6sobmi. Pri radik6lovej retazovej reakcii vznika-
j[ reakdn6 miesta s aKivnym volhyim radikAlom, ktor6 sa pouZi-
j0 na spdjanie poldrnych komponentov. Na zlskavanie reakdnf-
ch centier sa vyuZiva kopolymerizdcia monom6rnej jednotky
s aktivnou skupinou (najdastejSie s volhou dvojitou vAzbou)
a retazec PP. PretoZe na vfrobu polyolefinov sa pouZlvajf
Ziegler-Nattove (Z-N) typy kata$zetorov [2-4], kopolymerizd-
cia je nerealizovatelhd pri pouZiti poldrnych komonom6rov.

Pri kopolymerizdcii, ktord sa uskutodiuje novfmi postup-
mi vyuZitlm riadenej syntezy pomocou metaloc6novfch.ka-
talyzdtorov, sa d6 kontrolova{ st6rick6 usporiadanie a dlZka
makromolekulov6ho retazca, ako aj distribucia komonom6-
rov v polym6rnom retazci. Kopolymerizdcia PP pomocou me-
taloc6novfch katalyzdtorov umoZni ziskat kopolym6r s poia-
dovanlimi vlastnostami [5].

Chemickd modifikdcia PP poldrnymi monom6rmi bola roz-
delend do dvoch skupin:
1. funkcionaliz6cia PP (naviazanie nlzkomolekulovfch fun-

kdnlich skupin)
2. odkovanie PP vldkien poldrnymi monomermi.

Chlordcia PP patri k najstarSfm a relativne jednoduchlm
metodam zavedenia polSrneho heteroat6mu do PP retazca.
Proces je tak], ishi ako pri chlordcii nizkomolekulov6ho uh-
lbvodika za pouZitia radik6lovej reakcie. Chlordcia je inicio-
van6 UV Ziaren[m alebo termicbim rozkladom peroxidu v prl-
tomnosti chlornat6ho rozp05tadla (hlavne ataktickom PP).
Halogenovanf PP je moZn6 podrobit dalSej chemickej reakcii
napr. s amfnotriazolmi, kde vznikaju prisluSn6 derivaty polyo-
leffnov, ktor6 viaZu kysle farbivo z roztoku.

Dal5ou vhodnou metddou na zviiSenie sorpcnej schopnosti
PP vlakien a ich afinity ku kationorn/'m farbivdm je fotobromd-
cia polypropylenu [6]. Pri pouZiti rdznych kati6novfch farbiv
a rdznom pH farbiaceho k[pel'a sa hodnotili vlastnosti vyfar-
benfch vlakien v z6vislosti od typu kationovfch farbfv a pod-
mienok farbenia. Medzi farbivom a modifikovanfm PP vldk-
nom vznikd kovalentnd viizba. Pri hodnoteni koloristicklch
vlastnosti, stdlosti v prani, odfarbovani v morskej vode a vo
vriacej vode s obsahom s6dy sa dosiahli vfborn6 vfsledky.

VAzba maleinanhydridu (MA) s polym6rnym retazcom PP
patri medzi najStudovanej5ie funkciondlne reakcie. Takto mo-
difikovanf PP predstavuje kompatibilizdtor pri priprave poly-
m6rnych zmesi s PP a kompozitnfch materidlov. PP s MA sa
m6Ze funkcionalizovat v tavenine (vstrekovaci model), v pev-
nej tize alebo v roztoku [7].

147



Vfskum

Cielbm o6kovania PP pre zlep5enie jeho vyfarbenia klasic-
kyim postupom je zaviest tak6 funkdn6 skupiny do PP, ktor6
sri schopne tvorit vdzbu s farbivom. Aktivne centrum naz6k-
ladnom polym6rnom retazci sa moZe zlskat prenosovou
reakciou, p6sobenfm Ziarenia (gama alebo UV Ziarenie v pri-
tomnosti fotosenzibil izdtora) na polym6r v pritomnosti mono-
m6ru (styr6n, vinylpiridin, MA, kyselina akrylovd, akrylamid,
1 -vinyl-2-pyrolidon, atd'.) [8] alebo zavedenim peroxidicklich
vdzieb do retazca. Naodkovanim PP retazca doch6dza
k zmene morfologickej Strukt0ry a zniZeniu stupia usporia-
danosti makromolek0l v porovnani s p6vodnfm PP, dim sa
zlep5i diffzny proces molek0l farbiva do polym6rnej matrice.
Vfsledkom odkovania polypropyl6nu je produkcia vlakien vy-
farbitelhfch klasickfm postupom [9].

Odkovanie za pomoci Ziarenia sa fspe5ne pouii lo pri mo-
difikdcii povrchu PP vldkien kyselinou metakrylovou, akrylo-
nitrilom a vinylacetdtom. Vzrdstla schopnost vldkien absor-
bovat vlhkost a schopnost vyfarbovat PP vldkna z roztoku
[10 ] .

Vplyvom odkovania PP vlakien hydrofi lnfmi monom6rmi
ako 1-vinyl-2-pyrolidon, akrylonitri l  a akrylov6 kyselina sa ich
vyfarbitel'nost klasicklim postupom (z k[pel'a) zvlSila niekol'-
kokrdt [11, 12]. Pri polypropylene odkovanom 1-vinyl-2-pyro-
lidonom sa dosiahli dobr6 vlisledky difrlrzie viace4ich farbiv
do vlakna. Dobr6 vlisledky stdlostiv pranisa v5ak ziskali len
pri naftolovlich a kypovlich farbiv6ch.

Modifikdcia hydrofobnych PP vlakien plazmou otuera no-
v6 moZnosti zavedenia funkcnfch skupin do povrchu PP vl6-
kien. Poldrna vrstva na povrchu vldkien zlep5ila zm6danie
a afinitu povrchu vlSkien k vode a ldtkam rozpustnlich vo vo-
de. Po zavedenifunkcnfch skupin plazmou s0 molekuly far-
biva fixovan6 na povrchu vlAkna. KedZe plazma pdsobi len
na povrch vldkien, neovplyvnuje mechanick6 vlastnosti vl6-
k ien [13] .

3.  FyzikSlna modi f ik6c ia adi t ivami

Pre zlep5enie vyfarbitelhosti PP vl6kien z ktipela sa vyuZi
va ajfyzikalna modifikdcia pridavkom reaktivnych ldtok s dos-
tato6nou termostabi l i tou do polym6ru pred a lebo pocas
spracovania na vldkno. Modifikdtorom pre farbenie polypropy-
l6novlch vldkien z kfpel'a je chemickd ldtka, ktord vo vldk-
ne vytv6ra,farbotvorn6 centr6" so schopnostou viazat mo-
lekuly farbiva v polym6rnom syst6me. TAto latka sa
disperguje v zdkladnom polym6ri, pri6om meni podstatu je-
ho nadmolekulovej Struktfry. Z fyzikdlneho hl'adiska vytvdra
s polym6rom heterog6nnu zmes. Stuperi heterogenity je fun-
kciou chemickej a fyzikdlnej Struktfry, ako i stupna dispergd-
cie modifikAtora [14].

Fyzikdlna modifikdcia sa m62e uskutodnif pomocou:
1. nlzkomolekulovfch organicklch zl0cenin hlinika, medi,

zinku a hlavne niklu vo forme soli organickfch kyselin, al-
koholatov, fenoldtov, aminov a triazolov. Tato modifika-
cia si vyZadovala vyivoj Specidlnych farblv s moZnos{ou
tvorby chelatovyich komplexov Ni a modifikatora [15],

2. oligom6rnych, kopolym6rnych a polym6rnych aditiv
s vhodnlimi funkdnfmi skupinami,

3. dendrim6rov a rozvetvenlich polymerov,
4. Specidlnych anorganickfch plniv - nanoaditiv.

Technologia modifikdcie je podobn6 ako pri farbeni PP vld-
kien v hmote. Aditiva sa do PP vldkien priddvaj0 vo forme
koncentrdtov. Od technologie a technologicklch zariadeni sa
vyZaduje vysokd homogeniza6nd 06innos{. Cfm sa modifikd-
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tor lepSie rozdisperguje v hmote, tym je 06innej5i. Ziskan6
modifikovan6 vl6kno prijima viac farbiva.

Dal5ou z moZnlch fyzikalnych modifikdcii je zmena geo-
metrie vldkien v priecnom profi le vlakna. Priedne profi lova-
n6 vldkna vykazuju zmeny vo fyzikdlnych vlastnostiach v po-
rovnani s vldknami s kruhovfm profi iom. Je to spdsoben6
zmenou makroStruktriry vlakien a vlastnostami, ktor6 s riou
srivisia. Zmena priecneho profi lu PET vlakien ovplyvni roz-
ptyl svetla v zmysle Kubelka-Munkovej rovnice a qim aj silu
vyfarbenia. Profi lovan6 vl6kna vytvdraju lep5ie podmienky
pre rozptyl svetla neZ kruhov6 vl6kna. Rozptylovli koeficient
vzrasta s prechodom k clenitej5im profi lom vl6kien [16].

3.1 Vysokomolekulov6 modifikdtory pre povrchov6 vyfar-
benie PP v l6k ien

VysokomolekulovlT modifikdtor ako jedna zo zloZiek pri
priprave polym6rnych zmesi za u6elom ich lep5ieho vyfarbe-
nia z k0pel'a sa musi vyznadova{ urditlmi fyzik6lnymi, che-
mickfmi a Strukt0rnymi vlastnostami. Medzi zakladn6 poZia-
davky na taklito modifikator patria [14]:
o schopnost viazat molekuly farbiva - vyZaduje sa od ne-

ho, aby mal vysokri afinitu k farbivu a vzniknute vdzby
medzijeho funkdnlimi skupinami a farbivom boli st6le,

o molekulovd hmotnost modifik6tora - dispegovatel'nost
modifikatora, jeho znd5anlivost s polym6rom, ako aj je-
ho d i f0zna ste lost  v  syst6me je funkciou molekulovej
hmotnosti,

r zndSanlivost modifikatora.s polym6rom - jeho zn65anli-
vos{ zdvisl prevaZne od dlZky molekuly, od pomeru hyd-
rofobnych a hydrofilnfch skupin, od hodnoty povrchovej
energie. So zvy5ujticou sa zndSanlivostou modifikatora
s polym6rom klesa jeho migrdcia zo syst6mu, zlepSuje sa
stdlost vyfarbenia vl6kna,

r dif0zna stalost modifikatora - stdlost vyfarbenia PP vla-
kien je podmienend nerozpustnostou modifikdtora v pra-
cich prostriedkoch,

r ul'ahdit spracovatelhost polym6ru - mal by zniZovat treciu
silu polymernych castic pri spracovanipolym6ru na vldkno.

Zmes polypropyl6nu s oligocyklopentadi6nom
Prlprava a analyza PP vl6kien modifikovanfch s r6znym

obsahom (10, 15% hm.) oligocyklopentadi6nu (HOCP), kto-
16 boli pripravend za [6elom zlep5enia vyfarbenia PP vldkien
klasickfm sp6sobom, poukazujri na ich vzdjomnu znd5anli-
vost [17-23].

Vz6jomnd zn65anlivost PP a HOCP pri priprave modifiko-
vanyich PP vldkien bola sledovana viacenjmi met6dami ter-
mick6, WAXS, SAXS, dynamick6 a statick6 mechanick6
sk0Sky. Pri termickyich anallizach modifikovanfch PP vl6kien
HOCP boliziskan6 termogramy s jednlim pikom tavenia a zd-
rovei bol sledovanf pokles Tg v zdvislosti od obsahu HOCP.
Pri izotermickej kryStalizacii sledovanej optickou mikrosko-
piou dochddza k tvorbe sferolitov samostatnfch zloiiek
HOCP a PP. Vplyvom HOCP v tavenine iPP dochddza k po-
klesu nl'chlosti rastu sferolitov, k znlZeniu nichlostnej kon5tan-
ty kryStalizdcie ako aj poklesu teploty tavenia iPP. Tieto ui-
sledky ako i Flory-Hugginsov6 interakdnd parametre znova
potvrdzuju mieSatelhost zloliek zmesiiPP a HOCP vtave-
nine. Pri kryStaliz6cii tejto zmesije amorfnd fdza tvorend obid-
voma zlo2kami homog6nne a kryStalickf podielje tvoren;i sa-
mostatne krySta l izu j r ic imi  z loZkami [20] .  Na zmeny
v nadmolekulovej  Strukt0re PP v l6k ien modi f ikovanl ich
HOCP poukazuj0.i d'alSie parametre stanoven6 met6dami
WAXS a SAXS. DlZka periddy amorfneja kryStalickej oblasti
rast ie  ako funkcia obsahu HOCP v ddsledku d is t r ib0cie
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HOCP v amorfnfch interlameldrnych oblastiach, Pocas jed-
nosmernej deformdcie nemodifikovanlich a modifikovaniich
PP vldkien sa zmenisferolytickd Strukt[ra na fibrildrnu Struk-
t0ru a HOCP nemd vplyv na ich orientdciu [21, 2a,25]. Dy-
namick6 a statickd mechanick6 skri5ky uk6zali pokles Tg
a zvjienie tuhosti modifikovanlch PP vlakien vplyvom zvf-
5en6ho obsahu HOCP [18, 19].

Hlavnyim ddvodom pripravy modifikovanlich PP vlakien
s HOCP bolo hodnotenie procesu farbenia a kvality vyfarbe-
nia trichto vlakien [17]. Sila vyfarbenia vl6kien vyfarbenlich
disperznfmi farbivami bola vtid6ia u modifikovanfch ako
u nemodifikovanyich PP vlaknach. Zvli5enie obsahu amorfnej
tAzy a znllenie ohybnosti PP retazcov v modifikovanlich PP
vldknach umoZnilo zvf5enie absorpcie farbiva z roztoku.
HOCP v zmesi pdsobi ako zmikdovadlo. Zmiik6ovacl efekt
spdsobuje zni2enie celkovej kryStalinity a zvli5enie plastick6-
ho podielu modifikovanfch PP vldkien, 6o umo2iuje fixdciu
farbiva. ZulSenie pohyblivosti segmentov (98'C) homog6n-
nej amorfnej fAzy sp6soben6 nlzkou viskozitou HOCP, pod-
pori dif0zny proces farbiva do vl6kna. Porovnatel'nost stdlosti
na svetle a v prani (pri 40 a 60'C) a odolnosti voci Spine
s PES vl6knamije moZn6 vysvetlit zuliSenim teploty Ts da-
nej zmesi a zniZenlm pohyblivosti molekfl farbiva. 7ni2en6
pohyblivost molek0l farbiva v amorfn;ich oblastiach modifiko-
vanlch PP vldkien zabraiuje migrdci i  k povrchu vldkien
a tfm aj jeho ndslednej degraddcii na svetle. Znl2en6 mig-
r6cia farbiva vo vl6kne je aj d6vodom znilenej difrlzie farbi-
va z polym6rnej matrice do pracieho kfpela.

Modifikatory na bdze polyaminotriazolov
Jednou zvyznamnych skupin polym6rnych l6tok, ktor6

splfraj0 zakladnri po2iadavku viazat kysl6 farbivo pri farbenl
PP klasickfm postupom z kupela, s0 poly-4-amino-1,2,4-tria-
zoly (PAT). PAT sri charakteristick6 vysokou kry5talinitou,
chemickou odolnostou a bdzickou povahou sp6sobenou aml-
novou skupinou. Specidlne typy PAT s0 vldknotvorn6 a ma-
ji afinitu ku kysllim farbivdm, preto boli pouZit6 ako zdklad-
n6 zloZka pre pripravu modifikdtorov na zlep5enie
vyfarbitelhosti polyakrylonitrilovlich alebo polypropyl6nouich
vlakien [26].

Dal5ia modif ik6cia PAT mala zlepSit  zna5anl ivost PAT
s PP. Bola sledovan6 aditivecia alkylovfch alebo aminoalky-
lovlch skupin na koncov6 hydrazidov6 skupiny, resp. na de-
fektn6 Strukt0ry v PAT pouZitim kyseliny stearovej, oktade-
cylaminu alebo kysel iny 6-aminokapr6novej.  Hlavnfm
krit6riom pre posudzovanie vlastnosti modifikdtora na b6ze
poly-4-am ino- 1,2,4 lriazolov boli vyhod nocovacie testy pri je-
ho aplikovan[v polypropyl6novlich vl6knach a to z hl'adiska
spracovania a povrchov6ho vyfarbenia vldkien. Hrubo a ne-
homog6nne rozdispergovanf modifikdtor vo vl6kne viaZe me-
nej farbiva, pretoZe plocha povrchu zhlukov je prakticky ne-
vyznamnd z hl'adiska mno2stva prijat6ho farbiva vo vztahu
k slitosti vyfarbenia. Hrubozrnd distribicia rozdelenia modi-
fikatora vytvara urdit0 nehomogenitu v StruK0re vl6kna, ktora
svojim spOsobom ovplyviuje distrib0ciu farbiva na povrchu
a v celom priereze vl{kna 1271.

Modifikdtory na bdze kopolymdrov etyl€nu
Zlep5en ie kompati bi I ity zloZiek v polypropyl6novlich kom -

pozitoch je moZnd podl'a niektonich navrhovanll'ch postupov
dosiahnu{ pouZitim modifikdtorov na bdze kopolym6rov ety-
l6nu s akryldtouimi alebo metakrylatowmi komonom6rmi ob-
sahujticimi bazickii dusik [28]. Tieto modifikadn6 prlsady via-
Zu si lami medzimolekulovej interakcie molekuly najmi i
kyslfch farblv pri farbeni PP vldkien z k[pel'a. Patentovan6
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je vyuZitie vyfarbitel'nfch zmesi polypropyl6nu s modifikator-
mi na b6ze kopolym6rov etyl6nu s vinylpyridinom, N-vinyl-
karbazolom, akrylamidom [29].

Boli ziskan6 aj menej ndrocn6 postupy pripravy kopolym6-
rov etyl6nu obsahujricich dusik, vyuZivajuce polym6ranal6-
gov6 reesterifika6n6 reakcie 4ichodiskovlch etyl6n-etylak-
ryldtovfch alebo etyl6n-vinylacetdtovfch kopolym6rov.
K prlprave modifikdtorov sa pouZili chemick6 transformdcie
technickfch kopolym6rov etyl6nu, ktor6 neobsahovali dusfk.
Ni25i obsah duslka v kopolym6roch, ktor6 boli pouZit6 pri
priprave modifikovanyich PP vlakien za 06elom vyfarbenia
z k[pel'a, sa prejavil poklesom zafixovan6ho farbiva v modi-
fikovanfch PP vldknach a poklesom koloristichich stdlosti pri
pranl v benzine. Na zavedenie Struktfrnych 6ldnkov s terci6r-
nymi aminoskupinami sa pouZili reesterifikadn6 reakcie. Z[s-
kali sa bdzicke kopolym6ry pripraven6 odliSnfm postupom,
nie priamou synt6zou z etyl6nu a vinylovfch monom6rov ob-
sahujricich dusik. Na synt6zu modifikAtora s vySSim obsahom
terci6rnych aminoskupin je potrebn6 pouZit pre polym6rana-
logickri transformdciu kopolym6r s vySSfm obsahom akryld-
tovej zloZky. Vldkna modifikovan6 kopolym6rom s obsahom
dusika 2,24ok vykazuj0 vel'midobr[ afinitu ku kysliim farbi-
vdm. Pri  zvf5eni koncentradn6ho gradientu farbiva a za
pouZitia pridavku salicylanu sodneho do kipela sa zv1iSi ob-
sah viazan6ho farbiva pri farbeni modifikovanlch PP vlSkien
z k0pela [30]. Velmi dobrd znd5anlivost etyl6naminoakryld-
tor4ich kopolym6rov s izotaktickyim polypropyldnom nazna'
duje moZnosti aplikdcie dchto modifikdtorov na zvli5enie pov-
rchovej farbitel'nosti PP vlakien.

Modifikdtory na bdze akryldtov'fch kopolymdrov
Za 0delom zlep5enia vlarbitelhosti PP vl6kien boli pripra-

ven6 modifikdtory na bdze akryl6tovfch a metakryl6tovfch
kopolym6rov obsahujr.rcich dialkylamino skupiny alebo Struk-
ttrne jednotky st6ricky tienen6ho piperidfnu so stabiliza6nyim
06inkom. Bola hodnoten6 spracovatelhost kopolym6rov pri
zvldkiovani s polypropyl6nom a vyfarbitel'nost PP vlakien
a f6l i i  [31].

Na modifikdciu polypropyl6nu boli pou2it6 dvoj- a trojzloZ-
kov6 kopolym6ry s oktadecylakryldtom. TrojzloZkov6 kopo-
lym6ry obsahovali okrem oktadecylakrylatu a 2-(dietylami-
no)etylakryletu eSte komonom6r so stabilizadnlim fcinkom
(typ HALS) na b6ze 2,2,6,6-tetra- alebo 1,2,2,6,6-pentame-
tylderivdtu-4-piperidylakryldtu. Vl6kna modifikovane na bd-
ze tlichto kopolym6rov vykazovali postaduj0cu v!'taZnost far-
biva. Vy55i prijem farbiva pri znfZenom obsahu modifikatora
(5%) bol zaznamenanf pre kopolymer oktadecylakrylatu a 2-
(dimetylamino)etylakryldtu (ODA-DMA). Zui5enim acidity k0-
pel'a v rozmedzi pH 2,5-3,5 sa prijem farbiva zlep5il a zniZil
sa podiel nefixovan6ho farbiva, ktor6 sa pri pranf moZe uvol'-
nit. U tlichto kopolym6rov v d6sledku relativne nizkej teplo-
ty miiknutia (okolo 30-32 "C) sa okrem efektu zhor5ovania
ddvkovania pri spracovani prejavilo len zvf6enie ich migrd-
cie na povrch vldkien. K zniZeniu tohto efektu do5lo pouZi-
tim zmesi kopolym6ru oktadecylakrylatu, 2-(dietylamino)ety-
lakrylatu a (1,2,2,6,6-pentametyl-4-piperidyl)metakrylatu
(ODA-DEA-PPMA) alebo oktadecylakryldtu, 2-(dietylami-
no)etylakryletu a (2,2,6,6-tetrametyl-4-piperidi l ) -akryldtu
(ODA-DEA-TPA) v kombindcii s modifikovanfm etyl6n-ety-
lakryl6toqim kopolym6rom. Teplota mAknutia homogenizo-
vanej zmesi kopolym6rov st(pla z 30-32 'C na 60-65'C. Pri
pouZiti \ichto modifikacnlich syst6mov sa zlep5ila spracova-
tel'nost pri zvldkriovani a zvyi6ila sa vyfarbitel'nost vldkien.
Zvf5enie acidity kf pela (pH = 2,5) priaznivo ovplyvnilo fixd-
ciu farblv vo vldknach [3'1].
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Pri pouZiti dusik obsahuj0cich akryldtovlich kopolym6rov
ako modifikdtorov alebo stabilizdtorov je potrebn6 respekto-
vat krit6ri6 znd5anlivosti s 0Zitkovlim polym6rom. Na zlep5e-
nie distrib0cie pcl6rneho polymdru do PP je moZn6 pouZit po-
stup synt6zy v kopolymerizadnom syst6me. Jeden monom6r
obsahuj0ci dlh5i alifatichl retazec umoZni zvli6enie kompa-
tibility kopolym6ru s polyolefinmi [32].

3.2 Vl6knotvorn6 polym6rne zmesi
Zmesovanie polym6rov je v6eobecne pouZivand met6da

na pripravu no4ich polym6rnych materidlov. V s(6asnom ob-
dobi predstavuje vfznamnt oblast vedeckdho a komerdn6-
ho rozvoja makromolekulovej chdmie. Priprava vldknotvoi-
nfch zmesi m6 niekol'ko vfhod, ako s0 prlprava novfch
materidlov, poskytuje 5irokr/ priestor pre variabilitu vlastnosti
materi6lov, predstavuje pomerne ryichly qivoj a ich nasled-
nt komercializ6ciu.

Zmesn6 vl6kna sa pripravuj0 zmesovanlm dvoch resp.
viaceryich polym6rov. MdZu byt pritom vyuZit6 klasick6 zvldk-
riovacie zariadenia s typickfm kruhonj'm otvorom hubice ale-
bo Specidlne zvldkiovacie zariadenie vyuZivaj0ce hubice
s rozdielnou geometriou oNoru. Typicklm uisledkom zvl6k-
riovania termodynamicky neznd5anlivej polym6rnej zmesi za
pouZitia klasickej kruhovej zvlAkfrovacej hubice je polyfibri-
l6rny typ zmesn6ho vldkna. Tvorba jemnfch vldkien jedn6-
ho polym6ru v matrici druh6ho polym6ru nastdva pred vto-
kom zmesi do kanAla hubice a nie po vftoku z nej. To
znamend, Ze podet jemnfch vlakien nie je urdenf podtom ot-
vorov hubicov6ho bloku, ale je vfsledkom p6sobenia reolo-
gichich sfl v podmienkach homogenizdcie a toku polym6rnej
zmesido zvldkiovacej hubice. Tlimto spdsobom pri precho-
de polym6rnej zmesi cez jeden otvor hubice moZno ziskat
velk6 mnoZstvo ultrajemnlch vl6kien jednej polym6rnej fd-
zy v matrici druhej f6zy. Vo forme jemnfch vldkien vystupu-
je dispergovanAtAza, ktorou sa stdva polym6r zast[pen;i
v menSom hmotnostnom pomere. Vlastnosti tyichto vldkien s[
ovplyvnend hmotnostnlim zastfpenim fdz, velkostou a dis-
tribfciou disperznej tdzy a jej adheziou k matrici [33].

Teoretick6 pribli2enie fyzikalnej modifikdcie chemickfch
vliikien polym6rnymi aditivami zahfria tri hlhdiskd: mie5atel'-
nost zloZiek, makroreologick6 a mikroreologick6 vlastnosti.

Termodynamicklim krit6riom mie5atel'nosti dvoch polym6-
rov je velkost zmieSavacej vol'nej entalpie, diZe Gibbsovej
energie mie5ania AGm a jej druhej derivdcie podl'a zlolenia.
Dva polym6ry su mie5atelh6 pri takfch koncentrdcidch, pri
ktoryich boli splnen6 tieto podmienky:

a c m < 0
d2c/do2 > o

kde @ je objemo4i zlomok polym6ru [34]. MieSanie dvoch po-
lym6rov je ur6ovan6 podobnfmi termodynamickyimi princip-
mi ako mie5anie malfch molekfl. Vyskytujri sa tu v5ak roz-
diely vypllvajuce z vysokej molekulovej hmotnosti polym6rov
a komplikdcie s polydisperzitou molekulovej hmotnosti. Flo-
ry a Huggins navrhli termodynamickli model, ktonl'umoinil
opisa{ sprdvanie sa dvoch polym6rov pri mie5ani. Mie5anie
dvoch polym6rov je spojen6 so zmenou Gibbsovej volnej
energie.

Vzdjomnd znd5anlivost dvoch polym6rov s vysokou mole-
kulovou hmotnostou alebo ich potencidlna forma homog6n-
nej zmesi je urdend lokdlnymi interakciami, pridom je preva-
Zujrici endotermickyi efekt interakcie (exoterm ick6 podmien ky
s0 vfnimkou). Preto vrid5ina p6rov polym6rov nie je schop-
n6 vytvorit homog6nnu zmes. Kompatibilita je moZnd iba vte-
dy, ak sa medzi polym6rmi A a B uplatiuj0 Specificke inte-
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rakcie vo forme vodlkovlich vdzieb, dip6l-dipolouich sil ale-
bo donorno-akceptornfch interakcii. Flory-Hugginsovd rov-
nica berie do 0vahy zmenu kompatibility s poklesom polyme-
rizadn6ho stupia [35].

Krit6ria mieSatelhosti polym6rov predstavujri rozsah vlast-
nostf zmesi, ktor6 s0 dasto velmi blizke priemeru vlastnosti
samotnli'ch zloZiek. So zretelbm na rozvoj v poslednlich ro-
koch bolo navrhnutyich niekolko konceptov pre hodnotenie
vzdjomnej mieSatel'nosti polym6rov. VychddzajI z predsta-
vy, Ze ak maj[ dva polym6ry podobn6 parametre budu vzd-
jomne mie5atel'ne. NajbeZnej5ie pouZivan6 vyjadrenie pre
volhu energiu zmie5avania polym6rov je aG* a Flory-Hug-
gins-Staverrnanov vztah zahniuj0ci interak6nf parameter 1,2
ako velibinu pre vyjadrenie vzdjomnej interakcie polym6rov
[5]. Parametre rozpustnosti je moZn6 pre polym6rov6 zlo2-
ky stanovi{ experimentdlne alebo vyuZitim {poctovfch me-
t6d [361.

Mie5atel'nost polym6rnych zloliek m6Ze byt Studovand
priamymi a nepriamymi metodami napr. mikroskopick6 me-
tody a termickA anal'lzt Rovnako praktick6 semikvantitativ-
ne metddy boli zaloZen6 na uipodte parametrov miesatelhos-
ti (MP) zloliek A a B, kde A a B s0 kopolym6ry. Pre vfpocet
parametra mie5atelhosti (MP) sa poZivaj0 prispevky paramet-
rov rozpustnosti zloZiek podlh charakteru interakcii: disper-
zn6 60, poldrne 6o a vodikov6 6h. MP moZno vypo6itat podla
rovnice: MP = (6A - 6r). Parametre rozpustnosti sa vypodita-
jri zo vztahov:

a '=o?+D?*s i  (3 )
6s = <P16;1 + @zbie (4)

kde 6;, a 0', si prispevky komonom6rovej jednotky ku Es, O,
a <D2 sri objemov6 zlomky komonom6rov v kopolym6re [37,
381.

Oblast mie5atel'nosti je casto najdend pri parametroch
mieSatel'nosti pribli2ne 0,1 nm. MieSatelhost polymernych zlo-
Ziek so silne poldrnymi a vodikouj'mi vdzbami moZe byt ur-
6end podl'a dononorno-akceptorn6ho krit6ria. V tomto pripa-
de pri tvorbe silnyich vodikovfch viizieb m6Ze byt
predpokladane mie5atelhost rispe5ne ziskand pouZitim zvyS-
nfch disperznlTch a polarnych interakcii. Predpokladom pre
posudzovanie mie5atelhosti polym6rnych syst6mov je exis-
tencia ur6ityich vhodnfch krit6rii, ktord optimelne zhodnotia
schopnost zloZiek syst6mu mie5at sa a tak vytvorit vhodnI
heterog6nnu polym6rnu ststavu. Fyzik6lne alebo chemick6
viizby medzi zlolkami zmesi sa vytvoria bud'd'alSou zloZkou
pridanou do zmesi polym6rov alebo sa polym6ry v zmesi mo-
difikuju tak, aby boli schopn6 spolu reagovat. Tento postup
sa nazfva kompatibilizacia [34].

Kom pati bizdci a, ktord zniZuje medzit Azov 6 n apZitie p ri tvor-
be polym6rnej zmesi,  umoZiuje vznik jemnej5ej fdzovej
Strukt0ry a zlepSenie homogenity zmesi. Kompatibilizdcia by
nemala viest k mie5atelhosti polym6rov na molekulovej [rov-
ni. Urcitf stupefr heterogenity je spravidla podmienkou pre
dosiahnutie lep5ich vlastnosti zmesi ako s0 vlastnosti jednot
liuich zloZiek. MieSatel'nost je definovana termodynamicky,
zatial'co kompatibilita nie je presne vymedzenf pojem [39].

3.2.1 Vl6knotvorn6 zmes polypropyl6nipolyamid
Modifikdcia PP polyamidom 6 (PA6) bola sledovand za

0celom zvliSenia sorpdnej schopnosti PP vldkien a t)rm aj
zlepSenia fyziologicklich vlastnosti textilnfch materi6lov prip-
ravenych z tlichto zmesnfch vl6kien. Vplyvom zr4iSenia kon-
centracie (a2 do7% hm.) dispergovanejtazy PA6 v polypro-
pylene sa zlep5uje sorpcia vodnfch p6r a zniZuje sa tvorba
elektrostatick6ho n6boja zmesnlich PP/PAO vldkien v porov-

( 1 )
(2)
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. nanl s PP vlAknami l4o,411. Pri vyssej koncentr6cii (do 30 %
hmot.) sa zlepSujri hlavne elasticke vlastnosti PP vlakien
a vyfarbitel'nos{ disperznyimi farbivami 142, 431. Pri 25-
35 % podiele PA6 v PP sa dosiahla dobra vyfarbitel'nost
zmesnfch vldkien disperznfmi farbivami [44].

Vieobecne je moZn6 kon5tatovat, Ze polypropyl6n a po-
lyamid 6 tuoria heterog6nnu zmes vo forme polym6rnych zlia-
tin. Pre dosiahnutie lep5ej adh6zie a homog6nnej dispergd-
cie polyamidouj'ch dastic v polypropylenovej matrici sa hl'add
vhodn6 medzifdzov6 6inidlo. Prltomnost kompatibilizdtora na
b6ze kopolym6ru (polypropyl6n o6kovanf malein anhydridom
(PP-g-MA)) v zmesiach polyolefinov s polyamidom 6 znilila
povrchov6 napiitie PA6. Polarita PA6 v zmesi sa diastodrre
zniZi reakciou MA s konco{mi amino-skupinami PA6 [45].
So zvliSenim obsahu PA6 v PP/PA6 zmesia pri obsahu kom-
patibilizdtora 2-3% hm. dochddza k zvf5eniu pevnosti a po-
klesu taZnosti modifikovanlich PP vldkien.

Pritomnos{ PA6 zloZky v zmesnfch PPi PA6 vldknach
umoZnila z4i5enie ich povrchovej farbitelhosti klasickfm pos-
tupom. Z pohladu chemickej reakcie, ktord prebieha medzi
NH2 skupinami PA6 a pritomnfm medzifdzouj'm dinidlom, je
potrebn6 odakdvat odliSnyi mechanizmus viazania farblv ako
je zn6my u PA6 vliikien. Homopolym6rne PA6 vldkna sa far-
bia predov5etkfm kysllimi farbivami, pridom dominuj0cu 0lo-
hu zohrdvaj[ prdve vol'n6 NH2 skupiny PA6 polym6rnych re-
tazcov. U zmesnl ich PP/PA6 vlSkien s pr i tomnfm
medzifdzoqim 6inidlom sa farbiacimi centrami m62u stat len
amidick6 skupiny. Okrem kysllich farbiv sa na farbenie zmes-
nlch PP/PA6 vldkien m6Zu pouZit aj disperzne farbivd [33].

Okrem mechanicko-fyzikdlnych vlastnosti bola hodnotena
aj vyfarbitelnost zm esnlich PP/PAO vldkien s kompatibiliz6-
torom na bdze kopolym6ru PP-g-MAH. Sila vyfarbenia pre
pouZit6 farbivii C.l. Disperse Red 13 a C.l. Disperse Blue 3,
stdlosti na svetle a v prani pri 40, 60 a 90'C boli porovnatelh6
s PET vldknami. Dispergdcia PA6 v zmesnlich PP/PA6 vldk-
nach zvjSila schopnost vyfarbenia dchto vldkien vytahova-
cim postupom v porovnani s PP vldknam [50].

Na zlepSenie spracovatel'nosti zmesnlich PPiPA6 vld-
kien pr i  ich pr lprave sa pouZi lo medzif  Azov6 cinidlo na
z6klade kopolym6ru PP a poly-e-kaprolaktdmu. Bol i  pr ip-
raven6 zmesn6 vldkna s 30 hm.% PA6 v PP. Vyfarbi tel-
nost zmesnlich PP/PA6 vldkien klasickfm postupom sa
hodnotila pri pouZiti kysliich, disperznfch a kovokomplex-
nyich farbiv. PA 6 rovnomerne rozdispergovanf vo vn0tri
kompozitn6ho materi6lu umoZnil kvalitn6 vytiahnutie far-
biva na vldknitf materidl. Rovnomernost dispergdcie PA6
v PP ovplyviuje pruhovitost vyfarbenia takfchto vldkien.
Pri  farbenina svet l6 odt iene bola sledovand niZSia vf taZ-
nost kyslfch a kovokomplexnlich farbiv v porovnanis dis-
perznfmi farbivami [44].

Hodnotenie nadmolekulovej Struktfry PP/PAO zmesi po-
mocou r6znych anal,lz (WAXS, DSC, spektrdlne met6dy
a pod.) potvrdilo termodynamick0 neznd5anlivost obidvoch
zloZiek. PouZitie kompatibilizdtora pri priprave zmesnyich PP/
PA6 vldkien nemeni termodynamick0 nezn65anlivost dchto
zmesi, ale umoZiuje zlepSenie spracovatelhosti pri ich prip-
rave. I napriek zlep5enej dispergdcii PA6 v PP matrici WAXS
anal,fza PP/PA6 (70/30) zmesi uk6zala podiatodnri separd-
ciu PA6 z PP pri kryStalizacii. Ddkazom toho s0 samostatn6
reflektancie pre jednotlivd zlolky. Existenciu interakcii med-
zi aminoskupinou PAO a funkdnou skupinou modifikovan6ho
PP demonStrovali spektroskopick6 met6dy. Zv175ila sa tep-
lota kryStalizdcie v porovnanis distlm PP. Rozdispergovanli
PA6 sa sprdva ako nuklea6n6 dinidlo pre PP matricu pri kryS-
talizecii PP/PA6 zmesi [46].
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ZlepSenie technologickej zn65anlivosti zloZiek pri priprave
zmesnlich vlakien sa casto dosahuje pouZitim disperga6n6-
ho aditiva, ktoryi zabezpecuje rovnomernost dispergdcie, po-
Zadovanli stupen disperzity, tvar dastic, homog6nnu Struktfrru
pripravenej zmesi a zlep5enie mechanicklich vlastnostl vld-
kien. Pritomnost r6znych dispergadnfch aditiv ovplyvfi uje
tvorbu nadmolekulovej Strukt0ry zmesnyich PP/PA6 vlAkien.
Dispergovan6 a orientovan6 dastice PA6 zlep5uj0 mechanic-
kofyzikalne vlastnosti zmesnlich PP/PA6 vl6kien. Dispergd-
tory (kyselina stearovd a polypropylenglykol) zasa zvy5ujtl
technologickf zndSanlivost PA6 s PP matricou a zlepSujri
pevnost a taZnost vl6kien. Pri priprave zmesnlich PP/PA6
vl6kien s r6znymi dispergdtormi sa tvori menej kompaktnd
Strukttira, do m6Ze byt potvrden6 elongadnlimi vlastnostami
vldkien [47].

3.2.2 Vl6knotvorn6 zmes polypropyl6n/polyester
Bikomponentn6 vl6kna reprezentujri v s06astnosti jeden zo

sp6sob pripravy synteticklich vlSkien s vylepSenlimi vlastnos-
tami. Modifikdcia polypropyl6nu polyestermi (PES) je zauji-
mav6z hladiska lepSej vyfarbitelhostih/chto vldkien z roztoku
a zlepSenia niektoryich mechanickfch vlastnosti PP vlakien.
Polymdrne aditivum obsahuj0ce esterov[ skupinu je pridd-
van6 vo forme koncentrdtu do taveniny podas zvldktiovacie-
ho procesu.  Reologick6 v lastnost i  zdk ladn6ho polym6ru
a polym6rneho aditlva maj0 velkyi vplyv pri tvorbe a zvldkio-
vani zmesnlch vldkien ako aj na ich konecn6 vlastnostl.

Technologicka kompatibilita PP a PET, kord je d0leZit6 pre
pripravu zmesnyich PPi PET vl6kien, bola hodnotend na zdk-
lade odchflky experimentdlnej viskozity zmesi od jej aditiv-
nej hodnoty. Trojtitzov! model pre dvojkomponentn0 zmes
predpokladd synergick6 sprdvanie sa zmesi s vyS5ou expe-
rimentdlnou viskozitou v porovnani s aditivnou hodnotou. PP/
PET zmes sa chov6 ako nekompatibilnf syst6m. Pseudo-
kompatibilnf syst6m je 4isledkom posobenia kompatibil izd-
tora, ktoni'zvliSi viskozitu zmesi nad jej aditivnu hodnotu. Tdto
modifikacia zredukuje viskozitu polyesterovej zloLky a m62e
vzrdst viskozita na medzifdzovej vrstve, ktord vedie k zlep-
Seniu kompatibil i ty zloZiek. Z trojvrstvov6ho modelu vyplyiva,
Ze gradient Smykovej nichlosti v disperznej fAze podas de-
form6cie polym6rnej taveniny zdvisl od viskozity dispergova-
nefAzy n2 a matrice 11,'. PolyesterovtttAza znadne podporuje
deformdciu matrice [48].

Polyfibrildrna Struk0ra zmesnfch PP/PET vl6kien s dlhyi-
mi mikrofibrilami PET v PP matricije vlisledkom interakcie na
medzifdzovom rozhrani danlch komponentov, reologicklch
vlastnosti zloliek polym6rnej zmesi ako aj podmienok pri
priprave tjchto vlakien. Pevnost zmesnyich PP/PET vldkien
je zdvisld na obsahu PET zloZky, klesd s vySSim obsahom
PET v zmesi. TaZnost vl6kien je okolo 30% a nem6 na liu
zna6nyi vplyv koncentrdcia PET vo vldkne. Napriek nikejlal-
nosti zmesnfch vlakien ich elasticita rastie imerne s obsa-
hom polym6rneho aditfva vo vldkne. Modifikovan6 PP vl6k-
na preukdzalivyS5iu elasticitu ako nemodifikovane PP vldkna
uZ pri nizkej koncentrdcii PET.

Polyester rozdispergovanf v PP matrici m6 znadnli vplyv
na silu vyfarbenia. Vytiahnutie farbiva z kipela je 5-'10 krat
vySSie v porovnani s nemodifikovanfmi PP vldknami. Hlav-
nfm predpokladom pre difriziu disperznlich farbiv je amorfnd
oblast zmesnfch vlakien amedzitAzov6 rozhranie zloZiek.
Afinita disperznyich farbiv k zmesnfm vldknam je zavisla od
obsahu polyesteru vo vl6kne, chemickej Struktiry disperzn6-
ho farbiva a podmienok farbenia.

Adsorpcia C. L Disperse Red 60 je dvakrdt vySSia neZ C.
l. Disperse Blue 56 pri t)rch istlch podmienkach farbenia.
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Napriek ich rovnakej molekuiovej hmotnosti arlznej chemic-
kej Strukttre je ich adsorpcia z roztoku na zmesn6 PP/PES
vldkna rozdielna. Poldrne funkdn6 skupiny (-OH a -NHJ
v molekulovej Strukt[re C. L Disperse Blue 65 zamedzuj0 di-
ffzii a prenikaniu molekfl farbiva cez nepoldrnu PP matricu
a vdzbe na aktlvnom povrchu dispergovanfch dastic polyes-
terovej titzy. C.l. Disperse Red 60 m6Ze lhhSie prenikat do
vl6kna, .pretoZe jeho antrachin6novd Struktfra s fenylovlim
substituentom m6 hydrof6bny charakter [49].

Modifikdcia polypropyl6nou.ich vldkien polyesterom mA W-
znamnf vplyv na silu vyfarbenia uZ pri nfzkych koncentr6-
ciach polymdrneho aditfva. Morfol6gia zmesnfch vldkien je
charaKerizovana dlhfmi orientovanfmi mikrofibrilami PES fd-
zy v PP matrici. Tvorba Struktfry zdvisiod reologickyich vlast-
nosti zloZiek, aditiva a adheznych sil na medzifdzovom roz-
hraniheterog6nnej zmesi. Zlolky PP a PES zmesnfch PP/
PES vlakien sa pri ich prlprave chovaj0 ako nemie5atel'n6 *
tvoria termodynamicky nemie5atelhI zmes. Podiel dispergo-
vanej PES tdtzy v PP matricije nizky. Adh6zne si! na med-
zitAzovom rozhrani PP/PES bez kompatibilizdcie zmesi s0
slab6. Tak6to vlakna vykazuj0 neposta6ujrice mechanick6
vlastnosti a fibrilaciu. Na zlep5enie vz6jomnyich interakcil na
medzifdzovom rozhrani PP/PES zmesi sa pouZivaj0 reaktiv-
ne a nereaktivne kompatibilizdtory. Reaktivita odkovan6ho
kopolym6ru - PP odkovanli maleinanhydridom (PP-g-MAM)
pri priprave zmesnyTch PP/PET vlSkien bola nizka. Zlep5enie
kompatibility zloZiek PP a PET v zmesnfch PP/PET vliiknach
bolo dosiahnutd pouZitim kompatibilizdtora na bize 24 (al
koxyfenyl)oxazolinu, pridom v takomto syst6me sa m6Ze zvj-
5i{ nehomogenita taveniny, rozvetvenie a presietovanie
Strukt0ry polym6ru pri zvldkiovanl [34].

Kompatibilita polypropyl6nu a polyetyl6ntereftaldtu
a reologick6 podmienky podas zmie5avacieho procesu
a zvl6kfrovania polym6rnej zmesi majf vplyv aj na nadmo-
lekulovu Struktlru vl6kna. Reaktivny kompatibilizdtor zniZu-
je medzif6zov6 napiitie medzi zloikami, reguluje molekulo-
v[ hmotnos{ a tokov6 vlastnosti dispergovanej PET f6zy.
Zmesn6 PP/PET vldkna bez reaktivneho kompatibiliz6tora
vykazuj0 niZ5ie hodnoty farebnej sily ako zmesnd vlakna, pri
prlprave ktonich boli pouZit6 r6zne typy poldrnych nereaktlv-
nych kompatibilizdtorov.

Na farebn0 silu farbenyich zmesnyich PP/PES vldkien md
vplyv aj mie5anie polym6rnej zmesi. Najvy55ia farebnd sila
farbenfch PP/PES vldkien bola ziskand u tyich vldkien, kto-
16 boli pripraven6 vstrekovaclm postupom a pred zvldknenfm
sa tavenina zmesi mie5ala v dynamickom homogenizdr i .
Vn0torn6 5truktilra taKo pripravenfch zmesnlich PP/PES vld-
kien je pre molekuly farbiva pristupnej5ia. Prlpravou zmes-
nVch PP/PET vlakien, mieSanim v dvojz6vitovkovom exdrir-
deri sa dosiahol vysoky stuperi disperg6cie PET v PP, ktoni
v5ak neposkytol odakavanyi vzrast farebnej sily. Rovnak6 {-
sledky boli zlskan6 aj pri priprave zmesnfch PP/PES vldkien
pouZitfm rovnak6ho exdridera s priddvanim gran0l a aditlv-
nej zmesi z pod6vacieho ziisobnika taveniny a homogeniz6-
cie zmesi pred zvlaknovanim. Vzniknutd Struktfra pri tomto
procese prlpravy zmesnfch PP/PES vldkien nebola vhodnd
na dostato6n6 vytiahnutie farbiva pri farbeni z kupel'a. K do-
siahnutiu vySSieho stupia vyfarbenia zmesnlch PP/PES vl6-
kien je potrebne zjednotit pozitivny vplyv reaktivneho aditi-
va s optimdlnymi technologickyim i podm ien kami pri priprave
zmesnlich PP/PET vldkien [49].

Publikdcia vznikla za podpory grantov APVT e . 2O-0101 02
a VEGA 927.
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Uvod

Kvalita produkcie je jednfm z d6leZitfch ukazovatelbv uj'-
roby a spolu s produktivitou, vlirobnou cenou a ziskom sl[2i
ako charakteristika jej efektivnosti.

Kvalita odevnfch 4irobkov sa urduje nielen dokonalostou
konStrukcie, modernou siluetou, modnym vzorom a Strukt[-
rou pouZitych materidlov, ale tieZ schopnostou zachovdvat
zadanf formu a zabezpedovat spolahliv6 pouZivanie odevu.
Pritom k zdkladnlm zabezpe6ujricim podmienkam patri spol-
hlivost spojov, prevaZne Si\ich.

Sijacie nite s! nevyhnutnou zloZkou pri Sitiv odevnej i tech-
nickej vfrobe. UZitkovd hodnota Sijacich nitije charakterizo-
van6 minimdlnou pretrhovostou pri Siti (priemernii dlZka Sva
Sitdho bez pretrhnutia) a spolahlivostou nitovlich Svov pri po-
uZivani.

V procese Sitia s0 Sijacie nite vystaven6 faktorom mecha-
nicklim, Strukturdlnym a termiclgim, ktor6 ovplyvnuj0 ich 5i-
jaciu schopnost.

Pretrhovost nitipri pouZitina Sijacfch strojoch, md za n6s-
ledok nielen stratu 6asu pri ndslednfch manipuldci6ch na
strojoch, ale tieZ zhor5uje kvalitu odevnyich qirobkov.

Bez ohl'adu na rad opatreni, zameran;7ch na zlep5enie
technol6gie vfroby odevnlich niti a na zlep5enie kon5trukcie
Sijacich zariadeni, zostdva pretrhovost aj dnes jednou z ur-
duj0cich podmienok pouZitia vlikonnej Sijacej techniky.

V spojitosti s t)tmto sa v mnohlich podnikoch vysokonj'ch-
lostn6 Sijacie stroje pouZivaj0 priznfZenfch ryichlostiach, nep-
revy5ujricich 3000 oVmin [1]. Toto je zaiste faKorom brzdia-
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cim nie len rast produktivity prdce, ale aj v6bec spochybiu-
j0cim fdelnost vfroby a pouZivania vysokoryTchlostnlich Sija-
clch strojov.

V procese Sitia na vysokorlchlostnlch Sijacich strojoch
viazan6ho a retiazkov6ho stehu sa ihlovd nit pri utahovani
stehu pres0va s premenlivou znacnou ryichlostou v dost zlo-
Zihich trajektoriAch, zahrnujucich trecie pdry: nit-kov, nit*zo-
Sivanf materidl, nit-nit.

Okrem toho rastuce n6roky spotrebitelbv prispeli k ry;chle-
mu rozvoju norl}7ch druhov vlakien, roznorodost 06elu ktoryTch
vylucuje moZnost pouZitia univerzdlneho druhu Sijacej nite.
Tak sa dostdvame do oblasti dokladovania vlastnostf cel6-
ho spektra druhov a vfrobcov niti.

Aby sa dali sprdvne interpretovat vyisledky experiment6l-
neho sktmania je potrebne sa strudne pozastavit na prob-
16me pociatodn6ho stavu niti. Tradi6nf (obecne prijatlT) pred-
poklad o idedlnosti (bezchybnosti) nit i je zna6ne pribliZnf a,
ako bude uveden6 dalej, nezodpoved6 skuto6nosti. Tento
fakt m62e zna6ne skreslit interpretdciu 4isledkov skfmania
technologie odevn6ho priemyslu, transformuj0c priciny zni-
Zenia kvality nit i pri texti lnej vfrobe. Zvdc5ene zobrazenia
usekov n i t i  na obrdzkoch 2 a 3 dokumentuj r i  konStrukciu
a stav povrchu niti [2].

Pritom plati, 2e aj ked'pripadn6 deformdcie vldkna nena-
ru5ia - v kontaktnlich plochdch vyvol6vaj0 zniZenie ich pev-
nosti.

Nevratn6 deformdcie nit i s[ jednym zo zdrojov znl2enia
kvality hotovej odevnej a technickej produkcie.

Analfza vplyvu ot6cok stroja na nif

Urban G.

TnU A. D. Treniin, Fakulta priemyselnich techno!6giiv Plchove, T. Vansovej 1054/45,02032 P(tchov

Proces Sitia ovplyvnuje vlastnosti pouZitych materidlov a zvlA5t Sijacich nit[. Tento vplyv naras-
td s intenzivnostou Sijacieho procesu a md d6sledky na kvalitu vlsledn6ho produktu. Pri pcsud-
zovanl vhodnosti materidlu v procese pripravy s6riovej vyiroby je v5ak nutnd dOsledne oddelit
vplyv podiatocnfch defektov pred procesom Sitia za 0delom neskreslenia konecnfch vlisledkov.
Ndsledne je moZn6 ziskat ldaje, ktorlch pouZitie umoZnuje priamo ovplyvnovat nielen kvalitu,
ale aj efektivnos{ vlirobn6ho procesu

Sewing process influences qualit ies of used materials and particularly sewing threads. This
influence increases with the intensity of the sewing process and has a consequence on the
quality of the final product. By judging of suitabil ity of the material in the process of the prepara-
tion of the serial production, however, it is necessary to separate consistently the influence of the
starting defects before the sewing process for the purpose of mispresentation of the final results.
Subsequently it is possible to obtain data which use enables to influence directly not only the
quality but effectiveness of the production process as well.

kde je [1]:
X' - druh niti,
X2 - rfchlost stroia, [ovmin], Y, - taZnost, [%],
Xs - typ stehu (viazanli retiazkornl'), Y, - diZka stehu bez

roztrhnutia, Im],
e - vektor vzruchov
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Y, - pevnost, [N],

Obr. 1 Sch6ma objektu sku5ania Obr.2



Vfskum

Experiment

Ciasto6ne sa vy5Sie uveden6 skutodnosti daj0 dokumen-
tovat na prdci [2], v ktorej sa analyzovali vybran6 vzorky Si-
jacich nitipouZivanfch vo firme Makyta, a. s. zo 100 % pES
od roznych uj'robcov zkrEin EU. Boli nameran6 hodnoty me-
chan icko-fyzikdlnych parametrov, Ko16 ovplyvfi uj ri Sijaci pro-
ces a bol zistovanli vplyv ot66ok na zmenu mechanicko-fy-
zikdlnych vlastnostiniti po Sijacom procese. Analliza Sijacich
niti bola vykonan6 na syntetickom materiAli s hydrof6bnou
fpravou povrchu, pou2itom vo firme na vlirobu ddmskych
Sportovfch b0nd. Experimentdlne zisten6 vlisledky moZu
posl0Zit ako informdcie pri zabezpedovanf pripravy vfroby
s d6razom na jej efektivnost i Zivotnost odevov.

Porovnan[m ziskanfch vfsledkov experimentdlnych mera-
ni pevnostnfch charakteristik po Siti pri troch rOznych otdd-
kach (1300, 3000 a 4700 ot/min) a pretrhovosti pri Siti s 3000
oVmin moZno vyslovit ndzor,2e hodnoten6 poradie, di uZ sa-
motnych vzoriek alebo vlirobcov Sijacich niti, sa vel'mi li5i. Na
zaklade tyichto rozdiel'nosti boli analyzovan6 vzorky rozde-
len6 do dvoch skuoin.

Prv[ skupinu tvoria ju nite s dob4imi pevnostnfmi charak-
teristikami po siti, ale s vddSou pretrhovos{ou. Odevy alebo
sddasti zhotovovan6 pouZitim tak6hoto typu nite majf vyso-
kti Zivotnost. Nite v5ak nie s0 vhodn6 na plynul6 pre5ivanie
dlhfch fsekov. Cast6 pretrhovost by zhor5ovala efektivnost
vfroby a zvy5ovala stratov6 dasy.

Druh0 skupinu tvoria ju nite so zniZenyimi pevnostnlimi
vlastnostami pri Siti, ale s malou pretrhovostou. Svy a spoje
zhotovovan6 taklimto typom nite majri nizku Zivotnost a zni-
Zujri Zivotnost odevov. Dobr6 4isledky s0 v5ak zaznamena-
n6 pri plynulom pre5lvanf. Teda tento typ je vhodnf naprik-
lad na preSivanie vlirobkov, ktor6 nie sf vystaven6 tak6mu
namdhaniu ako produkty konfek6nej 4iroby.

Z hl'adiska priemyselnej rniroby moZno uprednostnit nite pr-
v6ho typu. NajdlSie Svy pri Siti odevu sa vyskytnri napriklad
pri zoSivanlchrbtov vlirobkov, Siti prednyich krajov alebo bo6-
nfch Svov. Jedn6 sa o s0visl6 pre5itie maximdlne v dlike
2 metre. Teda vaid5ivliznam md pre vlirobcov konfekcie pev-
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nost zhotoven6ho Sva ako dlZka presitia bez pretrhu aj ked'
i tdto vlastnost je pre Sijaci proces ddleZitd.

Na obrdzku 4 sa nachddza vyhodnotenie zmien pevnosti
niti zoradenyich podla ich hodnoty tex pred Sitim, po Siti pri
1300 oVminu, 3000 oVmin a 4700 ot/min a je uvedend zazna-
menand priemernd dlZka medzi pretrhnutiami pri Sitis 3000
ot/min [2].

76ver

Z{very s0 formulovan6 na zdklade experimentdlnych v!s-
ledkov merania a Statistick6ho vyhodnocovania najdlhSich Si-
tfch Svov vlirobku zhotovovan6ho vo firme. Maximdlna dlZ-
ka Sitia bez pretrhu by mala v;iznam pre Specifickyi typ
vfrobku, napriklad pri Siti a pre5ivanl bytovfch textitii.

Pevnost Svov znadne ovplyvrluje i nastavenie otddok Sija-
cieho stroja vzhlhdom na Sitf materidl a vykondvanl tech-
nologickri operdciu. Nevhodna volba otd6ok pri konkr6tnych
pracovnlich podmienkach kvalitu S1acej nite zniZuje. Nezabez-
pe6i sa tak potrebna pevnost spoja, aj ked'pouZitA Sijacia nit
zodpovedd poZiadavkam pre zhotovenie danej operdcie.

Spravnym vliberom a vhodnou kombinSciou analyzova-
nfch Sijacich nitfmoZno zefektivnit Sijacl proces a kvalitu zho-
tovovan;ich vfrobkov, jeho vysokti Zivotnost a plynulost u-i-
robn6ho procesu.
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Z vedeckovfskumnfch a vyivoj ovyTch pracovisk

S prlpravou a vlichovou absolventov na Fakulte priemysel-
n,ich technol6gii, Treniianskej univenity A. Dubieka sa u2
prijej vzniku v r. 1996 pocitalo s gim, 2e bude cielend pre pot-
reby regi6nu, to znamend pre plastikdrske a gumdrenske
podniky (Matador, Vipotest, Vipo-Partiz6nske), pre textilnli
a odevnf priemysel (Merina, Ozeta, Makyta), pre skldrke
podniky (Lednick6 Rovne a NemSov6).

Postupom dasu v5ak zad,ala FPT poknivat aj oblast vf-
chodn6ho a severn6ho Slovenska.

Fakulta md akreditovan6 vysokoSkolsk6 St0dium v odbo-
re: ,,Materidlov6 inZiniersWo' a okrem inlich zameraniv tomto
odbore, vychovdva aj odbornfkov na zameran[ "Textiln6a odevnd technol6gia". Vf uku na tomto zamerani v sfdas-
nosti zabezpecuje Katedra textilu a odevnlctva v spoluprdci
s katedrou Ch6mie a technol6gie polym6rov a gumy. Katedra
md desat dlenov a Styri intern6 doktorantky. Z toho jeden pro-
fesor, jeden docent, ostatni 6lenovia s0 odborni asistenti, bud'
s hodnostou PhD, alebo s0 v externej doktoranskej priprave.

Pri koncepcii tvorby udebnyich pldnov sme od za6iatku po-
lolili doraz na spolupr6cu s priemyselnou praxou. S jej pod-
porou zabezpedujeme pedagogickf proces nasledovne:
1. Laborat6ria odboru ll a ll l, v Merine, a.s., vo Vipoteste,

Matador, a. s. a v Makyte, a. s. P0chov.).
2. Vybran6 predn65ky zabezpeduj0 skrisenI a uzndvani

odbornici z praxe (z Meriny, Makyty, Matadoru,
z VUTCH-Chemitexu).

3. Diplomov6 pr5ce sa real izuj0 pr iamo v text i lnfch
a odevnfch a. s., napr. Chemosvit-Fibrochem, Tatrasvit
Svit Socks, VUTCH-Chemitex, VUCHV, Matador, Meri-
na, Ozeta, Quiltex, Trikota Vrbov6, Gleistein Trendin, Slo-
vena Zilina, Slovenka Bansk6 Bystrica a aj v menSich fir-
mdch, napr. Luxor v PovaZskej Bystrici, Texiplast lvdnka
pri Nitre. T6my zaddvajri uveden6 spolodnosti po vzajom-
nej dohode s katedrou.

4. Abstrakty pr6c naSich doteraj5ich absolventov v r.
2001, 2002 ,2003 a 2004 sri publikovan6 v dasopise

"Vl6kna a textil", na ktor6ho spoluvyddvanl sa od minu-
l6ho roku Fakulta priemyselnfch technoldgii TnU A. D.
podiela.

Doteraz sme vychovali 78 absolventov. lch umiestnenie
a uplatnenie sledujeme a predstavuje 80-90% rispe5nost.

Zvii6Sa sa zamestnaj0 na5i absolventi v spominanlich ak-
ciovfch spolodnostiach. Tato spoluprdca pri rieSeni diplomo-
4ich pr6c v priemyselnej praxi md t0 rnihodu, Ze vedenie spo-
locnosti spoznd absolventa ovel'a lep5ie a sk6r, ako aZ na
konkurze. Mnoh6 firmy sa na n5s obracajri s poZiadavkami

News from Departments

o kontakt na na5ich absolventov. Tiei mnohi pracujri uspeS-
ne vo firm6ch zo zahranidnou tldastou.

Mdme absolventov - asistentky na katedre, v externej for-
me doktorandsk6ho 5t0dia. Spolupracujeme s TU v Liberci
- deta5ovanlm pracoviskom v Prostdjove a Fakultou che-
mickej a potravinArskej technol6gie STU Bratislava.

Postupne si katedra vychovdva svoje kddre cez doktoran-
dsk6 Stridium. V roku 200512006 predpokladdme prv6 ob-
hdjenie PhD prac a do roku 2010 by sme si chceli vycho-
vat aj docentov.

V sucasnosti sa pripravujeme na reakreditdciu, kde sme od
leta 2003 do decembra 2003 vykonali vela prdce.

Z{ujem Studentov o absolvovanie Studijn6ho zamerania
,,Texti lna a odevnd technologia" je velkf. Nem62eme vSet-
kyich prijat a uspokojit. TieZ nechceme vychovdvat absolven-
tov pre [rady prace.

Pocet Studentov na zameranl sa pohybuje od 15-20 v den-
nej a externej forme St[dia.

Rie5en6 t6my diplomoulch pr6c s[ z nasledovnfch oblasti:
. Priprava texti lnlich prepardcii z prirodnlch polym6rov

polysacharidov.
o Priprava chemicklch Specialit z biopolym6rov pre rdzne

aolikacie.
r Prlprava technicklch vldkien pre technick6 textilie kom-

pozity.
. Prlprava novyich typov polyolefinovlich vl6kien z novej

generAcie PO.
r Aplikdcia vldknitSTch materidlov pre rieienie EKO-prob-

l6mov.
. Priprava bytov6ho textilu so zlepSenyimi fyziologich.fmi

vlastnostami.

Katedra rieSijeden projeK Vega v spoluprdci s CHU SAV,
jeden projekt APW v spoluprdci s CHU SAV a VUTCH-Che-
mitex, s.r.o., jeden projekt WP a pripravuje dal5ie projekty
tie2 v spoluprdci s FCHPT STU v Bratislave.

Na katedre s[ 4 doktorandi v dennej a 5 v externej forme
5t0dia vo vednom odbore technoldgia makromolekulovlich
ldtok.

lva Srokov6, Doc. Ing. CSc.
Maftin Jambrich, Prof. Ing. DrSc.

Fakulta priemyselnyich technol6giiTnU AD v Prjchove,
T. Vansovej 1054145 ,020 32 Prichov,
e-mail: srokova @ f ot.tnuni.sk

Vfchova odbornikov pre textilnf a odevnu prax
na FPT TnU A. Dubceka v Pfichove

1 5 6 Vldkna a textil 11 (4) 156 (2004)



Zo zahr anilnf ch daso pi sov

lnteligentn6 texti l ie pre technick6 apliki icie
TECHNISCHE TEXTILIEN,46,2003, c. 2, s. E66

Jednfm z predpokladov pokroku v oblasti odevov so za-
budovanou elektronikou je zvli idnutie novlTch technologii
spracovania kovou/ch vliikien a vodiuich polym6rov. V rAmci
vfvoja odevov, uvol' iuj0cich aktivne l6tky s kozmeticklTmi
alebo homeopat ickfmi  06inkami bol  dosiahnut f  znadnl i
ispech v oblasti modifikdcie vl6kien a Zividnlich Iprav texti-
lii. Do popredia sa dostdva poZiadavka komfortu pri nosenl
odevov. Komfort vyrazne zvySuje pouZitie membrdn a kom-
pozitov, obsahujricich ldtky s f6zovou premenou. Tie zabez-
pedujI hrejiui alebo chladivf efekt v zdvislosti od vonkaj5ich
aj vnttornyich podmienok. Inteligentn6 texti l ie sa pouZivajti
aj na vyirobu ochrannfch odevov a prostriedkov pre Sportov-
cov, z6chrandrov, armddu a pracovnikov v r6znych priemy-
selnlich odvetviach.

Nov6 vl6kna firmy Honeywell
TECHNISCHE TEXTILIEN, 46, 2003,6. 2 , s. E68

Firma Honeywell roz5irila softiment vlirobkov pre ndro6n6
aplik6cie o materiel PE Spectra Shield. Vyrdbajf sa z neho
platne, ktor6 sil sfdastou nepriestrelnfch viest. PouZiva ich
francfzska armdda i arm6da USA. Z PET kopolym6rov6ho
vldkna SECURUS LE sa vyrdbaj0 materidly s rnibornfmi tl-
miacimi 06inkami. Firma Honeywellt ieZ vyvinula vldkno BEL-
TEC vhodn6 na vfstuZe pneumatik, ktor6 zvysujn bezpe6-
nost jazdy pri vysokej ryichlosti.

Acordis Speciality Fibres: Nov6 antimikrobi6lne karbo-
xymetylovan6 vl6kna s obsahom striebra
TECHNISCHE TEXT|LIEN,46,  2003,  6.  2,  s .  E68

Firma Acordis Speciality Fibres (VB) modifikuje vlekna tak,
Ze pri zvlakiovanivndsa aktivne letky do ich jadra, alebo ich
na ne nand5a v procese dodatodndho spracovania. Prfkla-
dom novfch moZnostiaplik6cie l6tok, ktor6 doneddvna ne-
bolo moZn6 pouZivat vo vlaknitej forme je zabudovanie i6nov
striebra do karboxymetylovanlich vlakien. Firmy Acordis a
Conva Tec ich pouZivajf na vfrobu novlich obvdzovlich
materidlov Aquacel Ag s antimikrobialnymi 0cinkami.

Kovovli monofilnf hodv6b na vfrobu Speci6lnych tech-
nickfch texti l i i
TECHNISCHE TEXTILIEN, 46, 2003, c. 2 , s. E75

Svajdiarska firma Elektro-Feindraht AG vystavovala na
vlistave Techtextil 2003 kovovli monofilnli hodvab na vliro-
bu Specidlnych technicklch textilii. V textilnom priemysle sa
pou2ivaju najmd postriebren6 medene droty. RozSiruje sa
uplatnenie kompozitnyich priadzi (napr. '100 dtex PES pria-
dza + CuAg, Cm 50/1, bavlna, CuAg), farbenlich kovovfch
vldkien, texti l i iz medenfch vlakien (tkaniny 60 % PEf 40 %
CuAg chrdniace pred elektromagnetickyim smogom), pdsiek
na prenos 0dajov, ako aj textilii ur6enfch na vlirobu inteligent-
n;ich odevov so zabudovanou elektronikou.

News from magazines

Ten Cate: Poiiadavky na vfsledky sku5ok texti l i i  urce-
nfch na pracovn6 odevy
TECHNISCHE TEXT|LlEN,46, 2003, c. 2 , s. E86

European Textile Services Association (ETSA) publikovala
minim6lne poZiadavky na textl l ie, pouZlvan6 na r4Trobu pra-
covnyich odevov pre vSeobecn6 pouZitie. Holandska firma
Ten Cate Protect BV je prvyim vfrobcom, ktoni uverejnilv!-
sledky ski5ok, na zdklade tfchto minimalnych poZiadaviek,
vykonanyich na Specidlnom pracom a 0pravdrenskom zaria-
deni, Specifikovanom v norme ISO 15797 o priemyselnom
prani a 6isteni. Cistiarne majil niekedy distit pracovn6 ode-
vy, ktor6 nie s[ vhodn6 na priemyseln6 cistenie, pretoZe majf
nedostatobn0 stdlofarebnost. odolnost vo6i Zmolkovaniu a
pod.. Norma 15797 Specifikuje poZiadavky na texti l ie na pra-
covn6 odevy s mal17mi, strednlimi a vysokyimi obmedzenia-
mi a zavAdza syst6m kddov na ozna6ovanie tlichto rozdie-
lov.

Charcoal Cloth lnternational: elektricky vodiv6 lexti l ie
TECHNISCHE TEXTILIEN,46, 2003,6. 2 , s. E83

Textilie vyroben6 z aktivovanfch uhlikovyich vlakien firmy
Charcoal Cloth lnternational maj0 vfbornI elektricku vodi-
vost. Sprdvajf sa ako polovodice. Potrebn6 si len elektr6-
dy a zdroj s napiit im 10-24 V. Material ma mikrop6rovitri
Struktlru a mimoriadne vel'kf vn0tornf povrch. M62u sa tva-
rovat aj vrstvit. PouZiva sa v kondenz6toroch, bat6ridch,
palivovyich clankoch, f i l troch, vyhrievanlich odevoch alebo
sedadl6ch do vozidlel. Texti l ie z aktivovan6ho uhlika je moZ-
n6 vyhriat alebo ochladit v priebehu niekolklich sek0nd. Fir-
ma Charcoal pon0ka dva typy t;ichto materi6lov: FM z akti-
vovan6ho uhlika bez 0pravy a ETC s vfrazne zni2enym
odporom. Elektricky vodiv6 textilie z aktivovanfch uhlikovyich
vldkien sa m62u prat pri teplote do 60 oC.

Amann: Sijacie nite pre technick6 texti l ie
TECHNTSCHE TEXTILIEN 46 2 2003, s. E89

Nemeckd f i rma Amann und Sohne vyraba n i te N-tech/
N"tech a K-techiKctech. S0 urden6 na Sitie ochrannfch ode-
vov, odoln;7ch voci vysokfm teplotam a Specialnej ochrannej
obuvi pre prislu5nikov ozbrojenlch sil a robotnikov v taZkom
priemysle. Sortiment nit i tech" Performance Threads obsa-
huje aj Sijaciu nit Tenara, odolnf voci UV Ziareniu a inyim
poveternostnlim vplyvom. Hlavnou aplikadnou oblastou je
Sitie technickych vfrobkov pre vonkajsie pou:it ie. Rad nlti
Z-tech je odolnf vodi vysokyim teplotdm a chemikalidm. Po-
uZiva sa na Sitie ochrannlich odevov a fi l trov. Nite PP-tech,
odoln6 vo6i chemickfm a biologickyim vplyvom, sa osvedcil i
pri vl irobe vriec a fi l trov v chemickom priemysle. Nit S-tech,
bez prisady kremika, z PES hodvdbu je ur6end na Sitie ode-
vov do sterilnfch miestnosti a na Sitie filtrov. V ponuke Amann
s0 tiei vodiv6 nite na bdze ocele a uhlikovVch vl6kien.
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