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Fibre-forming polymers

STRUCTURALIZATION AND FUNCTIONALIZATION OF FIBRE-
FORMING METALLOCENE POLYPROPYLENE

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

Department of Fibres and Textile Chemistry, Institute of Polymer Materials,
Faculty of Chemical and Food Technology, Slovak University of Technology in Bratislava,
Radlinského 9, 812 37 Bratislava, Slovak Republic, e-mail: michal.kristofic@stuba.sk

Abstract: Copolyamide KOPA 15 from 85 wt. % of e-caprolactam and 15 wt. % of nylon salt
ADETA (adipic acid + diethylenetriamine), was synthesized by poly(addition-condensation)
reaction, devoided of low molecular compounds and used as additive A for functionalization
of metallocene polypropylene mPP fibres without and with compatibilizer Licomont L.

Thermal characteristics of mPP, A and L were measured as well as apparent blend melt
viscosities of blends of mPP with only copolyamide A, only Licomont and with both additives

A and L.

Apparent melt viscosities of blends are not very negatively influenced and Licomont acts as
compatibilizer mainly in the amount 50 % of the amount of additive copolyamide A.
Melting enthalpies showed that mPP and copolyamide A are highly and Licomont is medium

crystallizable.

1. INTRODUCTION

Functionalization of textiles surface can be
assured either by functionalization of prepared
textile materials or by functionalization of fibres
creating a textile sample. Each way has its
advantages and inconveniences.

Physical modification of fibre-forming polymer
via the preparation of its blend with some
additive seems to be an effective way for the
preparation of functionalized fibres and
successively textile materials.
Functionalization of hydrophobic fibre-forming
polymer like isotactic polypropylene (iPP)
mainly from the point of improving their end-
use properties (sorptive, antistatic properties
etc.) can be assured by modification with polar
additives neverthless it is low-molecular or
polymer additive.

Preparation of polymer blends from non-
compatible components (hydrophobic isotactic
polypropylene + hydrophilic or polar additive)
demands using an interphase — compatibilizer.
This compatibilizer assures better adhesion of
two different particles of non-compatible
components.  Modification of  non-polar
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polypropylene with polar polymers like
polyamide or copolyamide is very effective
when compounds e.g. polypropylene modified
with anhydride of carboxylic acid is used. For
example the addition of 1 wt. % of Licomont
AR 504 (iPP modified with anhydride of maleic
acid) into blend 90/10 iPP/PA 66 leads to the
homogeneous blend even after the simple
regranulation in one-screw ribbon extruder [1].
Modification of interphase of two-component
iPP fibres modified with ethylene-propylene
copolymer (EPC) was applied when copolymer
ethylen-vinylacetate (EVA) was used up to
20.5 wt.% of EVA + 3 wt.% of EPC, or 18
wt.% of EVA + 4.3 wt.% of EPC. Better water
vapour and dyes sorption was achieved [2].
Polyamideureas used without compatibilizer
improve sorption of water vapour, dyeing in
bath and electrostatic properties but negatively
influences tensile properties of modified iPP
fibres [3].

Copolymers with similar segments (like PP
has) in their macromolecules (acrylonitril-
butadiene-styrene terpolymer and polystyrene)
can be used as additives for polypropylene
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without compatibilizer and better dyeability has
been achieved [4].
Blends of commercial fibre-forming polymers like

iPP + polyamide 6 or iPP +
polyethyleneterephthalate ca be wused for
preparation of modified PP fibres using

polypropylene grafted with maleinanhydride,
amide of stearic acid or alkylphthalate [5].
Isotactic polypropylene modified with binary
blend polyvinylalcohol-glycerol (up to 30 wt.%)
or polypropylene grafted with maleinanhydride
has good melt properties and significantly
improved sorption of water [6].

Copolyamides based on major comonomer ¢-
caprolactam and nylon salt of diethylenetriamine
+ adipic acid used as additives for fibre-forming
iPP improve water vapour and dyestuffs
sorption, electric properties but negatively
influence tensile properties of modified iPP fibres
[7].

Modification of metallocene polypropylen (mPP)
with copolyamide KOPA based on g-caprolactam
is the similar situation so suitable (commercial)
compatibilizator could help in the preparation of
blend modified fibres and textiles with improved
properties.

2. EXPERIMENTAL

2.1. Materials used

Metallocene polypropylene PP HM 562 R,
abbreviation mPP, chips and ground, IT = 26.6
g/10 min, producer Lyon de Bassel, Italy. Thermal
stability of both these products is the same and
clear from the Figure 1, and it is very good.
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Figure 1 DTG diagramm of mPP HM 562R
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KOPA 15% ADETA, abbreviation A, binary
copolyamide from 85 wt. % of €- caprolactam
and 15 wt. % of nylon salt ADETA (adipic acid
+ diethylenetriamine), synthesized by authors
according to [8], devoided of low-molecular
compounds by extraction in hot water, dried,
Tm = 192°C, [n] = 73 g.ml" (96% H,SO.,
25°C). Comparable commercial PA 6 from
Nylstar Humenné, Slovakia has at the same
conditions T, = 221°C, [n] = 153 g.mI"". The
weight loss of additive A with temperature was
examined by Derivatograph Q-1500 D and
exhibits:

at 100°C, Amqoo = 4.1 wt.%, practically only
released water,

at 200°C, Amyoo = 8 wt.%, releasing a rest of
water and low-molecular compounds and
partially products of thermal degradation,

at 250°C, Amysy = 8.8 wt.%, especially
products of thermal degradation,

at 300°C, Amgzgo = 9.6 wt.% another products
of thermal degradation.

From given data and from the fact that heating
of the sample during Derivatograph’s
examination lasts 100 min (temperature
interval 25-500°C) and during the preparation
of blends (remoulding) in a single-screw ribbon
extruder (Gottfert) the copolyamide was
exposed to higher temperature maximum 3+7
min it follows, that copolyamide is thermally
stable and suitable for the preparation of
blend, modified fibres with sufficient thermal
stability at temperatures of processing about
200°C.

Polypropylene grafted with maleineanhydride
Licomont AR504, abbreviation L, producer
Clariant GmbH, yelowish chips (fine grain),
softening temperature: 154-158°C, density:
approximatelly 910 kg.m™, viscosity at 170°C
about 800 mPa.s. Its thermal stability can be
evaluated acoording Figure 2. From this
Figure 2 it is clear that Licomont is thermally
stable. According to DSC measurement it is
a semicrystalline product with AH,1 = 35.2 J.g'1,
AH.=-5.9 J.g"and AH,;=39.8 J.g™
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Figure 2 Dependence of Licomont AR504
volatility on temperature and atmosphere (air,

N2), [1]

Licomont AR 504 is a specially produced low-
molecular iPP, which is modified with polar
monomer anhydride of carboxylic acid. It has
an especially high thermal and chemical
stability; it is insoluble in the water and has not
any harmful influence against people, fish and
bacteria. Generally it is used for improvement
of mechanical properties of reinforced
polymers. Its important low melt viscosity is
advantageous if o good dispersion of filler is
demanded. Its interval of application is 0.3 —
5.0 parts to 100 parts of PP (0.2991-4.76
wt.%) if PP is filled with glass or natural fobres.
If other fillers or additives are used the
effective concentration of Licomont depends
on the particles filler dimensions and their
polarity and has to be determined experimentally.
Thermal characteristics, Tm, Te, AHm1, AHm2,
AS and AHc, of materials were determined by
using the DSC 7 Perkin Elmer at 10°C.min™’
the heating and cooling rates. They are given
in Table 3. Three cycles were applied (heating
— cooling — heating) for the comparison of
thermal properties.

2.2 Preparation of blends

The chips of dried copolyamide and chips of
mPP were used for the preparation of blends
containing. Blends containing Licomont fine
grain were prepared using ground mPP.
Compositions of all prepared blends are given
in Table 1.
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All blends were good mechanically mixed and
mixtures were melted in a single-screw ribbon
extruder Gottfert at the temperature of zones
T4 =T, =Tz =200°C. The blended ribbon was
cooled down in the cold water and cut into
chips. The air-dried chips were finally vacuum-
dried at T4 = 105°C. The time of molding of
each sample with known weight and pressure
during process were registered and viscosity
of the melt could be calculated according to
relationships:

n=1y (1)
when T=Po. R/2L (2)
and y=4.VmR*=4.m/p. TR® (3)

where: Pg - pressure in Pa,

R — radius of orifice in m,

L — length of nozzle in m,

V- volume flow of the melt,

m - weight flow of the melt
These values of viscosity are not real values,
because at the given temperature the correct
density of the blend melt is not known but they
are comparable values. It can be said that
these values are apparent viscosities. They
were calculated on the assumption that
density p of blend melt is the additive value of
all densities of (mPP, Aand L), density of
copolyamide A is the same as for polyamide 6
and its temperature dependence suits the
relationship:

PrPa6 = 1109.8 - O,52T (4)
densities of mPP and Licomont L are the same
as this for mPP, and the dependence of blend
melt density of mPP is the same as for iPP
and equals to:

pipp = 853,6 — 0,51T (5)

where T is the temperature in °C.
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Table 1 Composition of prepared blends

Fibre-forming polymers

N° mPP, A L,
[wt. %] [wt. %] [wt. %]

1 100 0 0

2 9 4 0

3 92 8 0

4 88 12 0

5 96 0 4

6 92 0 8

7 88 0 12

8 94 4 2

9 88 8 4

10 82 12 6

11 92 4 4

12 84 8 8

13 76 12 12

3. RESULTS AND DISCUSSION

Apparent melt viscosities calculated according (1) is given in Table 2.

Table 2 Apparent viscosities n of blend melts

System [Pg.s] System [les] System [Pg.s]
mPP 173.4 | mPP 734 | mPP 173.4
mPP +4% A 166.9 | mPP +8% A 156.1 | mPP + 12% A 143.2
mPP +4% L 168.6 | mPP +8% L 147.2 | mPP +12% L 141.6
mPP +4% A +2% L 1743 | mPP+8% A+4%L | 1579 | mPP +12% A+6% L 145.4
mPP +4% A +4% L 160.0 | mMPP+8% A+8%L | 1426 | mPP +12% A +12% L 120.1

Lower molecular weights of Licomont and
copolyamide A as well has to be considered in
comparison with higher molecular weight of
mPP.

From values of apparent viscosities of melts of
mPP + copolyamide A and mPP + Licomont L
the statement can be evaluated that these are
not much lower in comparison with apparent
viscosity of non modified mPP. Addition of
a half amount of compatibilizer Licomont into
the blend of mPP + copolaymide A increases
an apparent viscosity of each blend melt mPP
+ x wt.% A + x/2 wt.% L in comparison with
melts containing only one component i.e.
either copolyamide A or compatibilizer L. If
a blend melt contains the same amount of
compatibilizer as it is the amount of
copolyamide the apparent viscosity basically
drops. It can be state that the amount of

Vlakna a textil (2-3) 2008 6

compatibilizer equals to the half amount of
copolyamide A forms effective linkages
between mPP and copolyamide A but double
amount of compatibilizer Licomont is too much
and its lower molecular weight is manifested
clearly. Blends containing the same amount of
both additives have rather lower values of
apparent viscosity and the higher is the
amount of both additives the lower is the
apparent viscosity.

So it can be said that half amount of
compatibilizer contributes to the conserving of
apparent blend viscosity and they have the
highest apparent melt viscosity. In the case of
the blend mPP + 4 wt.% copolyamide A + 2
wt.% of Licomont the apparent melt viscosity
is even higher than this for non modified mPP
what is another prove of good influence of
Licomont and its function as compatibilizer.
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Table 3 Thermal properties of mPP, copolyamide A and Licomont L

Fibre-forming polymers

Tm1 AHm1 Asm1 Tc 'AHc Tm21s Tm22 AHm21 AHm22 ZAHm2 ASmZ

Component | 1o¢1 | [0.g"] | [J.g™K'| [°C] | [J.g] [°C] [.g']| Wg'| [¥.g"] | [J.g".K"
mPP 1458 | 72.6 0.1733 1126 | 70.2 145.7 64.1 - 64.1 0.1530
A 192 70.8 0.1508 150.1 | 43.2 1954 35.0 - 35.0 0.0747

L 148.7 | 35.2 0.0834 101.3 | 559 | 137.2;148.7 | 12.8 27.0 39.8 0.0912

It seems, that lower molecular weight of
copolyamide A and compatibilizer L (and its
viscosity as well) does not negatively influence
the apparent viscosity of blend melt and the
apparent viscosity of blend melt is probably
positively influenced by higher melting
temperature of copolyamide A (Tm=192°C)
and logically with its high melt viscosity at the
molding temperature equals to 200°C.
Compatibility agent Licomont contributes as
well mainly if its amount is a half of amount of
copolyamide A.

Thermal characteristics are demostrated in
Table 3.

Melting  temperatures  of  metallocene
polypropylene mPP and Licomont (as
modified low-molecular polypropylene) are

very close. Melting temperature of the additive
- copolyamide is higher about 50 K. If blend
melts are prepared at 200°C this higher
melting temperature could be an advantage
because the melt viscosity of this component
is higher and the (apparent) viscosity of blend
melt does not drop too much. Melting
enthalpies of mPP and copolyamide A are
close and high and it means that both
polymers are highly crystalline. Melting
enthalpy of Licomont is rather lower and
expresses lower crystallinity of modified
polypropylene (where macromolecules of
polypropylene are substituted with anhydride
of carboxylic acid) and thus lower
intermolecular linkages. Temperatures of
crystallization all close for mPP and Licomont
and higher about 40-50 K for copolyamide.

Melting temperatures of second heating are
practically the same as for the first heating
only for Licomont two crystalline modifications
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appear and one modification has lower melting
temperature in comparison with the primary
one. Melting enthalpies of second heating are
lower for mPP and more for copolyamide what
can indicate that the cooling was too fast and
the primary level of crystallinity was not
reached. The same valids for Licomont but
because its crystallization enthalpy was higher
than AHn the melting enthalpy of second
heating AHn, is higher than AHn:. Melting
entropies as amesure of level of
macromolecules organizations in the sample
show different tendencies. mPP exhibits the
best organized system with a little bit lower
organization after the first heating and cooling.
First heating of copolyamide A shows
a relatively highly organized system though
lower than for mPP but the AS; focus to the
much lower organized macromolecular system
after the cooling. Higher AH, value and the
presence of second crystalline modification
with lower T, increase the ASp; value of
Licomont.

4. CONCLUSIONS

— Copolyamide KOPA 15- additive A with
functional polar amide and imine groups
and with molecular weight high enough
was synthesized.

— Blends of mPP with 4, 8 and 12 wt. % of
additive A - copolyamide KOPA 15 and 4,
8 and 12 wt.% of compatibilizer Licomont
and blends of mPP with both components
were prepared without difficulties.

— Apparent blend melt viscosities are only
alittle bit lower than apparent melt
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viscosity of mPP with exception of 4, 8 and
12 wt.% of Licomont.

Blends with certain amount x of
copolyamide A and x/2 amount of
compatibilizer L have higher apparent melt
viscosity compared with those with the x
amount of compatibilizer. Higher amount of
Licomont is no advantage.

Melting temperatures of mPP and
Licomont are close.

Fibre-forming polymers

Processors, 86005 Augsburg, Germany,
(www.clariant.com)

. Kristofic M., Ujhelyiova A., Marcin¢in A.,

Alexy P. and Prchal V.: Fibres and Textiles
in Eastern Europe, 5, 2(17), 1997, 51-53

. Kristofic M., Marcin¢in A., Ujhelyiova A.

and Prchal V.: Vlakna a textil, 4, 1, 1997,
14-17,

. Kristofic M., MarcinCin A., Ujhelyiova A.

and Murarova A.: J.M.S. Pure Appl. Chem.,

— According to melting enthalpies mPP and A35, (7&8), 1998, 1279-1284

copolyamide A are highly and Licomont is 5. Prchal V., Kristofic M., Lapcik L.,Jr. and
medium crystallizable. Havlinova B.: Fibres and Textiles in

Eastern Europe, 5, 1(16), 1997, 48-50
Acknow|edgement: The support of APVV 6. Marcin€in A., JurciSinova Z., BOFSig E.,

0226-06 and VEGA 1/0406/08 is appreciated Kristofic M. and MarcinCinova T.: Polym.
Adv. Technol., 12, 2001, 461-465

5. REFERENCES 7. Kristofic M., Hricova M. and Ujhelyiova A.:
Macromol. Symp. 170, 2001, 291-299
1. Material of Clariant GmbH: Licomont — 8. Kristofi€ M. and Ujhelyiova A.: Fibres and

Specialities for Plastic Processing a Textiles in Eastern Europe, 14, 4(58),
Licomont AR 504, Division Pigments and 2006, 22-24
Additives, BU Plastic Industire, MS

STRUKTURALIZACIA A FUNKCIONALIZACIA VLAKNOTVORNEHO
METALOCENOVEHO POLYPROPYLENU

Translation of abstract:
Structuralization and functionalization of fibre-forming metallocene polypropylene

Kopolyamid KOPA 15 pripraveny poly(adicnokondenzaénou) reakciou z85 % hm. e-
kaprolaktamu a 15 % hm. nylonovej soli ADETA (kyselina adipova + dietyléntriamin) bol
zbaveny nizkomolemulovych latok a pouzity ako aditivum A pre funkcionalizaciu
metalocénového polypropylénu mPP bez a za pouZzitia kompatibilizatora Licomont - L.

Termické charakteristiky mPP, AaL ako i zdanliva viskozita tavenin zmesi mPP iba
s kopolyamidom A, iba s Licomontom, ako aj s oboma aditivami su€asne boli stanovené.
Zdanliva viskozita zmesnych tavenin nie je velmi negativne ovplyvnena a Licomont funguje ako
kompatibilizator najlepSie v mnozstve 50% na mnozstvo kopolyamidu A.

Entalpie tavenia ukazuju, Ze mPP a kopolyamid A su vysoko a Licomont stredne krystalinicky.
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FIBRES BASED ON METALLOCENE POLYPROPYLENE:
RHEOLOGY, MECHANICAL AND THERMAL PROPERTIES

A. Marcingin, M. Hricova and K. Marcinéin

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

Abstract: In this paper the melt spinning of the fibre grade metallocene catalyzed
isotactic polypropylene (miPP) and standard equivalent of Ziegler-Natta isotactic
polypropylene (zniPP) as well as the rheological properties of PP resins and selected
thermal and mechanical properties of fibres were investigated. The polypropylene fibres
were spun at spinning temperatures within 190-290°C and drawn for various draw ratios.
The miPP fibres exhibited higher deformability in drawing, higher tenacity and Young'’s
modulus in comparison with their conventional-based equivalent zniPP. The DSC
measurements were carried out using constant length method (CLM) at which the
constant length fibres during measurement were assured. The average orientation of
fibres has been evaluated by method of sonic velocity. The parameters of the thermal
properties of fibres were correlated with their basic mechanical properties.

1. INTRODUCTION

Isotactic polypropylene resins had been
produced from Ziegler-Natta catalysts
(zniPP) for over 45 years now. The high
molecular weight and broad molecular weight
distribution were characteristic for resins as
produced in the polymerization reactor. In the
recent years these resins were treated during
extrusion with peroxide compounds to obtain
resins with narrow molecular weight
distribution and lower molecular weight,
convenient mainly for fibre spinning. This
method is known as the controlled rheology
process [1].

Remarkable features of metallocene isotactic
polypropylene (miPP) are uniform polymers
with control of molecular weight, end groups,
stereo regularity and narrow molecular
weight distribution without the need of
secondary processing [2]. The developments
in the synthesis of miPP led in the last
decade to commercialization of their
production mainly for films and fibres.
Comparison of the selected properties of the
films and fibres based on metallocene and
conventional isotactic PP (zniPP) reveal the
lower melting temperature, lower processing
temperature, higher tensile strength and
lower elongation at break [3]. Thus,
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metallocene—based PP is very promising
polymer for production of fibres for technical
textiles. Besides, the metallocene PP fibres
are often used for nonwoven textiles with
higher tensile strength, lower elongation and
wider range of bonding temperature [4].

The melt spinning of miPP and standard
zniPP to compare processing of both kind of
PP and selected properties of fibres was
studied by E.B. Bond, J.E. Spruiell and
others [5-11]. Besides the effect of the
spinning speed on the density of fibres,
crystallinity, crystalline and non-crystalline
orientation functions, were investigated. The
several kinds of miPP and zniPP were used
in experimental works. As the spinning speed
increased, the density, birefringence, tensile
strength and crystalline and non-crystalline
orientation functions generally increased.
However, the low molecular weight both
groups of PP had decreases in the
orientation and tensile strength with an
increase of the spinning speed. The miPP
resins were found to have breaking tensile
strength up to 50% higher than the zniPP

resin at similar spinning speed. The
mechanical properties of fibres were
explained based on the nature and

orientation of noncrystalline portions of the
fibres.
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In this paper, the spinning and selected
properties of PP fibres, such as mechanical
and thermal, were studied. The two kinds of
the selected equivalents of commercial miPP
and conventional-based zniPP were used in
the experimental work. The first couple of
resins was with melt flow rate (MFR) 11g/10
min and second one with MFR 25g/10 min.
Besides, the miPP with MFR 30g/10 min was
used. The rheological properties of resins were
evaluated using capillary extrusiometer. Both
zniPP and miPP resins were spun at the same
spinning conditions within the 190°C - 290°C.
The thermal and mechanical properties of
zniPP and miPP fibres are presented and
correlated in the paper as well.

2. EXPERIMENTAL

2.1 Materials used

All PP resins are produced and delivered by

LyondelBasell Polyolefins Co.

a. Ziegler-Natta isotactic polypropylene
(zniPP) PP Moplen HP 561R (PP561R),
MFR 25 g/10 min and PP Moplen HP 561N
(PP561N), MFR 11 g/10 min.

b. Metallocene catalyst isotactic
polypropylene (miPP) PP HM Moplen 562R
(PP562R), MFR 25 g/10 min, PP Moplen
HM 562N (PP562N), MFR 11 g/10 min and
PP Moplen HM 562S (PP562S) MFR 30
g/10 min

2.2 Melt spinning of PP fibres

The laboratory single-screw extruder D=16
mm, L/D=30 and spinneret with 13 orifices
(d=0.5 mm) was used for melt spinning of fibre
grade PP. The spinning temperature was
within190 - 290°C. Metering of the melt was 15
g/min, spinning speed 210 m/min. Fibres were
drawn using laboratory drawing machine at
120°C for the scale of draw ratio up to
maximum draw ratio.

2.3 Methods used

Rheological measurements: Rheological
properties of PP resins were measured using
capillary extrusiometer Gottfert N 6967 with
extruder $=20 mm at 190-290°C. The diameter
of capillary was 2 mm and length was 30 mm.
The Newton and Oswald de Waele laws were
used for calculation of basic rheological
parameters: apparent viscosity n=t/y and
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power law exponent n (t = k.y'"), where 7t -
shear stress, y° - shear rate, n- apparent
viscosity, n - power law exponent, k -
coefficient.
DSC measurement: The measurements were
performed using Perkin Elmer DSC 7 in the
temperature range 30-200°C. The standard
heating rate was 10°C/min. The measurements
were carried out using constant length method
(CLM) in which the fibres with constant length
during measurement were assured. The
constant length of the fibres was achieved
through winding of fibres on a small spool, later
placed in a DSC pan. The melting peak
temperature Tm and melting enthalpy AHm
were evaluated.
Mechanical properties of the fibres: The Instron
(Type 3343) was used for the measurements
of the mechanical properties of fibres
(according to ISO 2062:1993). Coefficients of
variation of tenacity, elongation and modulus of
elasticity were used as measure of internal
(structural) non-uniformity of fibres. They were
evaluated from 15 measurements. The initial
length of fibres was 25 cm and the time of
deformation was about 20 sec.
Orientation of fibres: The average factor of
orientation of fibres (f,) was evaluated by sonic
velocity  measurements using Dynamic
Modulus Tester-PPM-5R. The factor of
orientation was calculated according to the
equation:
C,

f,=1- o (1)
where f, - average factor of orientation, C -
sonic velocity of oriented sample and C,- sonic
velocity of standard isotropic fibre.

3. RESULTS AND DISCUSSION

3.1 Rheological properties of PP resins
The melt viscosity and deviation from the
Newtonian behaviour, expressed by power law
exponent n are very similar for zniPP561R and
miPP562R as well as for zniPP561N and
miPP562N resins (Figure 1, 2 and Table 1).
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Figure 1 Dependence of dynamic viscosity n on shear rate y for zniPP561R (a) and miPP562R (b) at

various temperatures

The power law exponent gradually increases
and viscosity decreases when melt
temperature increases, in accordance with
expectation. However, miPP562N exhibited
lower deviation from the Newtonian flow in
comparison with zniPP561N mainly at 280°C
and moderately higher melt viscosity within
measured temperatures. Similarly, the
viscosity of miPP562R is higher about 10%

than viscosity of zniPP561R resin. In
general, the results of rheological
500 - PP 561N
o - *230°C
g 400 ~ W 250°C
= - 280°C
300 - *
|
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i %
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measurements reveal that melt viscosity of
miPP is moderately higher in average in
comparison with zniPP equivalent. The
difference is higher for couple with lower
MFR of PP. In spite of higher viscosity, miPP
exhibited lower deviation from the Newtonian
behaviour expressed by exponent of power
law equation. The lowest deviation from the
Newtonian flow from the tested polymers is
characteristic mainly for miPP562S.
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Figure 2 Dependence of dynamic viscosity n1 on shear rate y for zniPP561N (a) and miPP562N (b) at

various temperatures
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Table 1 The power law exponent n and viscosity n for the selected shear rate y for zniPP and miPP

polymers at various temperatures

PP n 7 n1[Pa.s] T 7
v =100 [s"'] | y=300 [s"'] [ y=500 [s '] | y=1000 [s ]
230°C | 0.44 327 177 133 90
PP 561R | 250°C | 0.48 261 148 114 79
280°C | 0.50 195 112 87 61
230°C | 0.39 476 245 180 118
PP 561N | 250°C | 0.43 400 214 161 108
280°C | 0.44 314 171 129 87
190°C | 0.39 550 281 205 134
230°C | 0.46 357 196 149 102
PP 562R 250°C | 0.49 289 165 127 89
280°C | 0,61 177 115 94 72
230°C | 0.42 511 270 200 134
PP 562N | 250°C | 0.45 426 234 177 121
280°C | 0.55 295 179 142 104
190°C | 0.40 493 255 188 124
230°C | 0.52 284 168 131 94
PP 5628 250°C | 0.57 217 136 109 81
280°C | 0.65 146 100 83 66

3.2 Thermal properties of PP fibres

The DSC measurements were carried out
using constant length method (CLM) at which
the constant length  fibres  during
measurement were assured. The results of
thermal measurements of the zniPP561N as
well as for miPP562N and miPP562S are
given on the Figures 3 and in the Table 2.
The DSC CLM method provides
thermograms with different shape for fibres
of different nature, MFR and also for fibres
spun at various temperatures. Besides, the
peak temperature increases with draw ratio
(orientation) of fibres what is important result
of DSC CLM method.

The wide base and low height of the peak
are characteristic for fibres spun at low
temperatures and for zniPP (Figure 3a,b) At
the same conditions the metallocene PP with
higher MFR (miPP562S) provides
thermogram with narrow base and higher
height (Figure 3c). Both metallocene PP
fibres spun at 280°C provide thermograms
with narrow base and higher height (Figure
3e, f). Only zniPP561N fibres spun at 280°C
exhibit thermograms with wide base and
lower height (Figure 3d).

Both, melting temperature and melting
enthalpy increase with higher draw ratio
(orientation) of fibres. According to
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expectation, the metallocene resins provide
lower melting temperature, especially
miPP562S and lower melting enthalpy in
comparison with zniPP561N (Table 2).
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Figure 3 DSC thermograms of PP fibres: a) PP 561N, b) PP562N and c) PP562S, Tepinning=220°C and
d) PP 561N, e) PP562N and f) PP562S, Tsuinning=280°C, metering 15 g/min, take-up 210 m/min,
thermograms obtained by DSC CLM method.

Table 2 The peak melting point T,, and melting enthalpy AH,, for PP fibres spun at 250°C and 280°C,
metering 15 g/min, spinning speed 210 m/min, drawing temperature T=120°C for various draw ratio A,
obtained using DSC CLM method.

Spinning temperature 250°C|Spinning temperature 280°C
PP draw Tm AH, draw Tm AH,,
ratio A [°C] [J/g] ratio A [°C] [Jg] |
3 168.2 86.3 3 167.3 80.8
PP 561N 5 184.6 88.6 5 179.2 85.3
5.3 187.0 88.6 5.5 183.8 93.0
5.5 187.3 92.7 6 185.2 91.7
3 153.8 67.2 3 151.3 68.2
PP 562N 5 169.2 76.5 5 168.5 77.8
5.8 174.5 77.4 6 173.5 77.4
6 175.2 78.4 6.8 176.0 84.2
3 148.8 69.8 3 147.0 61.0
5 153.6 74.5 5 154.2 76.7
PP 562S 6 162.8 81.6 6 159.8 78.9
7 162.5 83.4 7 165.6 86.9
7.2 167.0 85.9 6.8 165.3 83.1
7.5 169.2 85.4 7.2 165.5 86.2

3.3 Mechanical properties of PP fibres and orientation
The standard mechanical properties of the PP fibres spun at 250°C, in dependence on draw
ratio in drawing process, are given in the Table 3 and Table 4.
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Table 3 Tenacity T, elongation E, Young’s modulus YM, their variations coefficients CV and sonic
average factor of orientation fa for PP561N, PP562N and PP562S fibres spun at 250°C in

dependence on draw ratio A in drawing process.

PP A T: T CVq E CVe YM CVym fa
[tex] |[cNitex]| [%] [%] [%] | [N/tex]| [%]

2 33.6 18.6 11.1 202.7 | 20.0 1.12 15.3 0.43

3 22.9 30.6 13.0 | 11141 15.3 2.12 10.0 0.58

PP561N 4 18.0 44.9 7.3 44.7 514 5.05 8.3 0.69

5 14.9 50.2 5.1 31.8 21.2 5.72 5.5 0.80

amax9.5 | 14.1 49.6 8.3 20.5 8.4 6.63 5.8 0.77

2 33.0 18.1 7.1 2923 | 34.2 1.16 11.3 0.34

3 22.8 24.4 6.7 110.3 | 16.6 1.84 13.0 0.49

PP562N 4 18.1 29.7 5.6 60.5 171 3.29 6.6 0.64

5 14.6 39.7 9.1 31.5 25.8 4.85 11.5 0.71

amax6.0 | 12.0 58.8 5.4 22.0 10.5 7.64 6.6 0.79

2 32.8 15.5 5.9 336.9 | 26.2 1.03 8.3 0.2

3 22.3 18.7 8.7 141.0 | 125 1.57 8.3 0.41

4 17.3 24.2 7.5 79.2 13.3 2.87 5.3 0.54

PP562S 5 13.5 34.1 7.1 50.6 23.2 4.58 5.8 0.69

6 11.4 45.2 3.6 31.5 20.0 6.16 3.4 0.75

7 9.9 53.6 7.0 21.2 13.6 7.53 8.7 0.79

amaxl-D | 9.4 57.4 7.1 17.8 8.1 7.86 7.0 0.79

Table 4 Tenacity T, elongation E, Young’'s modulus YM, their variations coefficients CV and sonic
average factor of orientation fafor PP561R and PP562R fibres spun at 250°C in dependence on draw

ratio Ain drawing process.

Pp N Ta T CV: E CVe | YM | CVyu |
[tex] |[cNitex]| [%] [%] [%] | [N/tex] | [%]
2 31.7 17.0 54 2679 | 16.1 1.26 8.6 0.25
3 221 224 6.7 141.3 | 15.5 1.83 20.5 0.45
4 16.5 30.7 4.7 82.8 6.4 3.44 7.3 0.64
PP561R 5 13.3 42.0 5.7 43.2 19.4 5.40 6.3 0.72
6 11.5 49.0 6.4 27.0 11.1 6.93 7.1 0.78
7 10.0 63.1 6.6 20.1 7.6 8.15 8.6 0.83
amax?-2 | 9.7 68.7 5.7 19.3 7.7 | 8.60 7.0 | 0.81
2 31.7 | 15.01 58 |3024 | 140 | 113 | 80 | 0.27
3 214 | 223 61 | 147.0 | 208 | 1.72 | 6.9 | 050
4 16.7 | 27.1 7.9 82.1 59 | 2.77 7.7 | 059
PP562R 5 134 | 357 42 | 428 | 16.3 | 4.48 5.1 0.67
6 11.4 | 449 56 | 262 | 9.0 | 6.17 59 | 0.76
7 9.9 56.4 32 | 213 | 66 7.22 75 | 079
amax?-2 | 9.7 547 | 102 | 184 | 103 | 7.74 | 104 | 0.81
The tenacity of both groups, zniPP and particularly for zniPP561N. The last

miPP, is presented on the Figure 4. The
spinning temperature is optimal for
zniPP561R resin which provides the highest
tenacity and Young’s modulus of fibres
drawn on maximum draw ratio. Besides, the
variation coefficients of tenacity and
elongation of these fibres indicate their high
geometrical and structural uniformity. The
less convenient this spinning temperature is
for miPP562R, miPP562S, miPP562N and
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mentioned resin provides the lowest tenacity
and Young’s modulus as well as uniformity of
fibres (Table 3).

The dependences on the Figure 4 give the
information regarding the effect of drawing
on tenacity of conventional and metallocene
PP fibres spun at various spinning
temperatures within 190 - 290°C. The
negative effect of the Ilow spinning
temperature (190-220°C) on tenacity of
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fiores was found for zniPP561N and
zniPP561R. The less sensitive resins to low
spinning temperature were miPP562R and
miPP562N. The spinning temperature 220°C
without any negative effect on tenacity of
fibres was found for miPP562S (Figure 4e).
The high tenacity of fibres based on all
investigated resins was obtained at high
spinning temperature (280-290°C).

To compare the mechanical properties of
zniPP and miPP spun within the spinning
temperatures of 190-290°C and drawn at the
same conditions, the tenacity and Young's
modulus of the fibres were calculated and

Fibre-forming polymers

extrapolated for constant elongation E = 20%
(Table 5) and for E = 35% (Table 6). The
results reveal that the highest tenacity and
Young’s modulus of fibres for elongation of
20% were obtained for zniPP561R and
miPP562N, both spun at 250°C. The fibres
are suitable for technical (industrial) textiles.
The highest tenacity and Young’s modulus of
fibres for elongation of 35% were found for
zniPP561N, spun at 250°C and 280°C and
for miPP562N, spun at 280°C. The fibres are
suitable for common textiles when higher
tenacity and elastic modulus are required.
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Figure 4 Dependence of the tenacity T on draw ratio A for PP fibres spun at various spinning
temperature: a. PP561R, b. PP562R, c. PP561N, d. PP562N, e. PP562S

Table 5 Tenacity T and Young’s modulus YM for zniPP and miPP fibres spun within the temperatures
190-290°C for constant elongation of fibres E = 20%

190°C 220°C 250°C 280°C 290°C
sample T YM T YM T YM T YM T YM
[cN/tex] | [N/tex] | [cN/tex] | [N/tex] | [cN/tex] | [N/tex] | [cN/tex] | [N/tex] | [cN/tex] | [N/tex]
PP561R| 50.2 5.50 54.0 6.88 63.1 8.15 58.4 7.98 - -
PP562R| 51.5* | 6.05* | 54.0* | 7.50* 56.8 7.46 54.1 7.56 - -
E 20% | PP561N - - 42.0* | 490* | 50.0* | 6.60* | 53.2* | 7.55* | 55.9* | 6.55*
PP562N - - 56.0* | 6.50* | 63.0* | 8.05* 59.3 7.46 55.9 7.78
PP562S - - 57.6 8.10 54.5 7.66 50.5 7.87 - -

* extrapolated values

Vlakna a textil (2-3) 2008

15




Vlaknotvorné polyméry

Fibre-forming polymers

Table 6 Tenacity T and Young’s modulus YM for zniPP and miPP fibres spun within the temperatures
190-290°C for constant elongation of fibres E = 35%

190°C 220°C 250°C 280°C 290°C
sample T YM T YM T YM T YM T YM
[cN/tex] | [N/tex] | [cN/tex] | [N/tex] | [cN/tex] | [N/tex] | [cN/tex] | [N/tex] | [cN/tex] | [N/tex]
PP561R| 44.4 3.96 34.5 4.02 447 6.04 43.1 6.16 - -
PP562R| 38.5 3.89 46.5 5.82 38.8 5.10 38.0 5.07 - -
E 35% | PP561N - - 41.2 4.39 48.8 5.52 453 5.76 47.2 5.56
PP562N - - 41.9 4.88 37.5 4.50 44.0 5.48 42.8 5.40
PP562S - - 434 5.82 42.9 5.84 34.4 4.86 - -

3.4 Correlation of the mechanical and
thermal properties of PP fibres
Correlations of the tenacity and Young’s
modulus of fibres spun at 250°C on their
melting (peak) temperature and melting
enthalpy are on the Figure 5. The same
correlations for tenacity and melting
temperature for fibres spun within the 190-
290°C are on the Figure 6. The correlations
reveal that there is unambiguous straight line

method. These dependences were found for
all fibres based on zniPP and miPP resins,
spun within the temperatures 190-290°C.
The similar dependences but not such clear
were obtained for tensile properties and
melting enthalpy of fibres.

In the any case the melting (peak)
temperatures of oriented PP fibres, obtained
by DSC CLM method provide important
information regarding the average orientation

dependence between tenacity and melting of fibres. Further analysis can give an
(peak) temperature as well as between answer on correlation of this melting
Young’s modulus and melting (peak) temperature values with molecular
temperature of fibres, obtained by DSC CLM orientation of fibres.
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Figure 5 Dependence of tenacity T and Young’s modulus YM on melting (peak) temperature T, (a, b)
and melting enthalpy AH, (c, d) of PP fibres spun at 250°C
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Figure 6 Dependence of tenacity T and Young’s modulus YM on melting (peak) temperature T,, of PP
fibres spun at 220°C (a, b) and 280°C (c, d). The multifilaments were drawn at draw ratio 2-7.

4. CONCLUSIONS

In the experimental work, the processing of
two groups of the fibre grade polypropylene,

miPP and zniPP was evaluated,
rheological

using

measurement of the melt,

spinning within the temperatures 190°C-
290°C and evaluation of the thermal and
mechanical properties of fibres. The following
points of conclusion can be drawn:

The melt viscosity of miPP is moderately
higher in average in comparison with
zniPP equivalent. In spite of higher
viscosity, miPP exhibited lower deviation
from the Newtonian behaviour.

The DSC CLM method provides
thermograms with different shape for
fibres of different nature, MFR and also
for fibres spun at various temperatures.
Besides, the peak temperature increases
with draw ratio (orientation) of fibres.
Based on experimental results, from the
point of view of mechanical properties of
miPP fibres and their zniPP equivalents
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1.

possible to prefer
conventional or

there is not
unambiguously
metallocene PP.
The unambiguous straight-line
dependences between tenacity and
melting (peak) temperature as well as
between Young’'s modulus and melting
(peak) temperature of miPP and zniPP
fibres, obtained by DSC CLM method,
were found.

The most flexible PP from the point of
processing, regarding the spinning
temperature, drawability and uniformity of
the mechanical and thermal properties of
fibres was found the miPP562S polymer.
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VLAKNA NA BAZE METALOCENOVEHO POLYPROPYLENU: REOLOGIA,
MECHANICKE A TERMICKE VLASTNOSTI

Translation of article
Fibres based on metallocene polypropylene: rheology, mechanical and thermal
properties

V tomto prispevku sa skumala spracovatelnost viakien na baze izotaktického
metalocénového polypropylénu (miPP) a jeho Standardného ekvivalentu izotaktického
Ziegler-Nattového polypropylénu (zniPP), reologické vlastnosti tychto polymérov a tiez
vybrané mechanické a termické vlastnosti vlakien.

Polypropylénové viakna boli pripravené v laboratérnych podmienkach pri teplote
zvlaknovania v rozmedzi 190-290°C a dlzené na rozne dlziace pomery.

Vldkna na baze miPP vykazuju vy$Siu deformovatefnost pri dlZzeni, vy$Siu pevnost a
Youngov modul v porovnani s vlaknami na baze zniPP. Termické vlastnosti vilakien sa
stanovili pomocou DSC metédou konstantnej dizky (CLM), pri ktorej je zabezpedena
konstantna dizka vlakna pocCas celého merania. Priemerna orientacia vlakien sa stanovila
metddou rychlosti zvuku. Parametre termickych vlastnosti vladkien boli korelované so
zakladnymi mechanickymi vlastnostami viakien.
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COPOLYAMIDES AS ADDITIVES FOR POLYAMIDE FIBERS

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

Slovak University of Technology in Bratislava, Faculty of Chemical and Food Technology,
Radlinského 9, 812 37 Bratislava, Slovak Republic, e-mail: jozef.ryba@stuba.sk

Abstract: The main task of this work was the preparation of ternary copolyamides on the
base of e-caprolactam, CL, with suitable comonomers which containing atom of nitrogen
in their molecules and evaluation of their properties. Five-level two-factor experiment for
the preparation of copolyamides from g-caprolactam, and nylon salts consisting of adipic
acid and diethylenetriamine, ADETA, and of adipic acid and hexamethylenediamine, AH,
were used. Two of synthesized ternary copolyamides were chosen as additives for fibre-
forming PA 6. Content of low molecular compound, LMC, was determined by gravimetric
analysis and molecular weight expressed by relative viscosity, n,, was defined by capillary

viscosimetry.

PA 6 fibers modified with these two copolyamides were prepared and the influence of
modifiers on the water vapour sorption, orientation factor, mechanical and electrostatic

properties was followed.

1. INTRODUCTION

Polyamide fibers (PA) have several suitable
properties, which predestinate them for using
in the textile industry. In the opposite, in
some properties for example electrostatical
and sorption they do not reach the level of
natural fibers. The improvement of these
properties can be reached by chemical or
physical modification of PA fibers [1].
Polyamide fibers have very good mechanical
properties, smooth surface, low sorption of
water vapour and tendency to cumulate the
electrostatic  charge. These  negative
properties can be partially or completely
removed by modification and fibers with
specific properties can be obtained [2].
Polyamides as a fiber-forming polymers are
by widely used mainly in textile applications
(aliphatic polyamides), but also in technical
areas (aromatic polyamides). Preparation of
new polymers for special application is very
expensive and time-consuming process.
Very useful alternative is the preparation of
copolymers with modified properties or the
preparation of polymers and copolymers
blends. Main task for commercially produced
copolyamides and also for new developed
copolyamides and their blends is to save

good properties, like weather stability,
prolong life-cycle of final properties and
Vlakna a textil (2-3) 2008 19

improve their useful properties [3].
Polyamide fibers are used mainly in
production of carpet, decorative and
technical textile. In 1990 the worldwide

production of PA6 was 3.5x10° t and in 2005
it was estimated 4.55x10° t [4].

2. EXPERIMENTAL PART

2.1 Materials

For preparation of ternary copolyamides

were used:

— Polyamide 6 supplied by Nylstar,
Humenné, Slovakia (PA 6)

— ¢-caprolactam  supplied
Humenné, Slovakia (CL)

— Nylon salt formed by reaction of adipic
acid and diethylenetriamin (ADETA)

— AH salt formed by reaction of adipic acid
and hexametylenediamin supplied by
BASF, Ludvigshafen, Germany

by Nylstar,

2.2 Preparation of copolyamides

Samples of copolyamides were prepared by
poly(adition-condensation) reaction in melt
with inert nitrogen atmosphere. Blend of
powdered CL, ADETA and AH salt was
heated in apparatus. With increasing of
temperature the salts were melted and
homogenized in liquid state. Time of reaction
was 5 hours at 270 + 2°C. During the
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reactions water was formed as by-product.
Reaction water was continually distilled off to
prevent backward hydrolysis of the formed
copolymer. In Table 1 mass composition of
prepared copolyamides is shown.

Table 1 Composition of reaction blend

Sample Amount of comonomer [wt.%)]
AH ADETA CL

1 9.40 6.66 83.94

2 14.21 1.85 83.94
3 27.09 19.19 53.73
4 40.95 5.32 53.73
5 3.45 31.03 65.52
6 39.65 4.41 55.94
7 4.10 0.90 95.00
8 41.00 9.00 50.00
9 28.27 6.21 65.52
10 28.27 6.21 65.52
1 28.27 6.21 65.52
12 28.27 6.21 65.52
13 28.27 6.21 65.52

At the end of polyreaction the melt of

copolyamide was poured onto the metallic
plate and after cooling a ribbon was cut into
chips. By following extraction low molecular
compounds, LMC, were removed with hot
distiled water (2 x 2hours). After extraction
chips were dried in oven at the temperature
105°C for 3 hours.

Value of the relative viscosity (n, = t/ty) was
obtained by capillary viscosimetry (0.5 g of
extracted copolyamide in 100 ml 96%
H2SOy).

2.3 Preparation of modified PA 6 fibers
According to Table1 for preparation of the
fibers sample 4 (KOPA 4) and sample 6
(KOPA 6) were chosen. Despite the fact that
both copolyamides have close compositions
KOPA 6 has a very low amount of LMC what
really asures to omit their extraction.

Blends of PA 6 chips with 5%, 10%, 20% and
30 wt.% of each copolyamide were prepared
and they were moulded by single screw
extruder GOTTFERT (Germany) at the 50rpm.
The temperatures of three heating zones were
T41=T,=T3=250°C. Blends and homopolymer of
PA 6 were spun on the experimental spinning
line at the above mentioned temperature.
Fibers with (SP) and without (BP) lubricant
were prepared.
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After the spinning fibers were drawn at the
temperature 110°C. Fibers without lubricant
were drawn to the drawing ratio A = 2. Fibers
with lubricant were drawn to the drawing ratio A
= 3, 4 and 5. Fibers without lubricant were
used for electrostatic properties measurement;
lubricated ones were used for evaluation of
water vapour sorption, orientation factor and
mechanical properties.

3. RESULTS

3.1 Determination of low molecular
compound and relative viscosity

In Table 2 values of LMC content as the time

of polyreaction dependence are shown.

Table 2 Time dependence of LMC

Content of low molecular compound [wt.%]
thl g 1 2 3 4 5
Sam
1 18.04 | 13.15 | 10.59 | 10.04 9.12 8.30
2 15.01 12.02 9.28 8.61 8.19 7.97
3 25.40 | 24.60 | 20.52 | 19.32 | 18.57 | 17.63
4 11.44 8.77 7.60 6.52 6.05 5.27
5 40.58 | 34.29 | 33.34 | 31.62 | 31.50 | 30.71
6 12.77 3.65 2.75 1.32 1.03 0.61
7 50.02 | 35.22 | 28.95 | 20.82 | 18.74 | 15.59
8 16.79 | 10.62 9.00 7.90 7.49 7.08
9 16.58 9.40 4.68 3.87 3.71 2.67
10 16.34 9.49 5.12 4.27 3.32 2.90
1 27.63 | 11.35 7.69 6.58 6.13 3.66
12 25.88 | 10.83 7.37 6.26 5.65 3.63
13 20.18 | 11.44 7.40 6.44 5.49 3.17

In Table 3 values of relative viscosity for
copolyamides as the time of polyreaction
dependence are shown.

Table 3 Time dependence of relative viscosity

Relative viscosity nye
Sam;’[h] 112 1 2 3 4 5
1 1.22 1.32 1.54 1.54 1.50 1.47
2 1.29 1.44 1.58 1.67 1.58 1.46
3 1.21 1.26 1.30 1.53 1.45 1.30
4 1.24 1.35 1.45 1.56 1.55 1.42
5 1.21 1.24 1.27 1.43 1.43 1.24
6 1.32 1.47 1.54 1.57 1.50 1.43
7 1.18 1.34 1.48 1.66 1.57 1.55
8 1.26 1.31 1.38 1.58 1.53 1.31
9 1.26 1.39 1.44 1.64 1.53 1.44
10 1.29 1.40 1.42 1.60 1.54 1.46
1 1.26 1.43 1.44 1.53 1.54 1.49
12 1.30 1.44 1.44 1.55 1.51 1.51
13 1.31 1.42 1.43 1.60 1.54 1.47
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For all samples the content of LMC
decreases with time of polyreaction. Most
rapidly indeed for samples with weight ratio
of nylon salts AH and ADETA approximately
9:1. Influence of functional comonomers AH
and ADETA is obvious. If simultaneously the

Fibre-forming polymers

Elongation at break exhibits the opposite
dependence.

Table 5 Tensile strength and elongation at
break of modified fibers

content of nylon salt AH increases and the Tensile strength Elongation at break
content of nylon salt ADETA decreases e
subsequently the value of relative viscosity [pae 28 56 6.6 | 744 | 221 | 86
increases and the content of LMC [5%KOPA4 2.7 4.8 66 | 708 | 245 [ 11.2
: : : 10% KOPA 4 2.6 4.6 6.4 734 23.2 12.2

decreases. Relatl\_/e viscosity depgndence 20% KoPA4 | 286 16 cc T 579 265 | 162
shows the maximum at the time of 30%koPA4 | 21 4.0 54 | 841 | 264 | 13.7
po|yreaction t = 3 nh. Long_term of [ 5% KOPA 6 2.5 4.6 6.5 76.4 241 12.3
. . 10% KOPA 6 2.7 4.8 6.4 73.7 26.7 11.0
polyreaction _has not mﬂugnce on the 2% koPas I 25 23 58 | 744 | 264 | 122
molecular weight of copolyamides. 30% KOPA6 | 24 4.4 5.8 751 | 253 | 125
3.2Determination of water vapour Tensile strength of fibers modified with both

sorption and fineness of fibers
In Table 4 values of water vapour sorption
and fineness of fibers modified with both
types of copolyamides KOPA 4 and KOPA 6
are shown.

Table 4 Water vapour sorption and fineness
of modified PA 6 fibers

types of copolyamides decreases with higher
amount of copolyamide and they are always
lower than the tensile strength of non
modified PA 6 fibers. Elongation at break
exhibits the little higher values.

3.4Determination of speed of sound and
orientation factor
Speed of sound was measured by apparatus

Content of water Fineness of fibers Dynamic Modulus Tester-PPM-5R
vapour [wt.%] [dtex] ’
A= From values of speed of sound the values of
r=4 A=5 A=3 A=4 A=5 . .
3 orientation factor were calculated. Both
PA 6 4.2 4.0 3.9 325 230 200 .
= KoPAd | 13 = S 10T 250 200 values are shown in Table 6.
10% KOPA 4 4.2 4.0 3.9 345 260 195
20% KOPA 4 4.2 4.0 3.9 320 255 225 . i
30%KOPA4 | 42 | 40 38 | 350 | 250 | 225 | Table 6 Speed of sound and orientation
5%KOPA6 | 4.1 3.8 3.8 3586 | 250 | 230 | factor of modified PA 6 fibers
10% KOPA 6 4.1 3.9 3.8 335 240 220
20% KOPA6 | 4.1 3.9 37 | 365 | 255 | 215 Speed of sound C —
30% KOPA 6 | 4.1 3.9 3.8 345 | 240 | 205 [km.s"] Orientation factor f
A=3 | A=4 | A=5 | =3 | A=4 | A=5
Modifiers almost have not influence on the LPAS 201 | 235 | 248 | 061 | 072 | 073
| f t t f df d 5% KOPA 4 1.95 2.24 2.43 0.59 0.69 0.72
values ol water vapour sorption of moailied qos, koPA4 | 192 | 2.32 | 236 | 0.58 | 071 | 0.72
PA 6 fibers considering their increasing [ 20%KOPA4 | 189 [ 218 | 236 | 056 [ 0.67 | 0.72
. [ . . . 30% KOPA 4 1.87 2.15 2.22 0.55 0.66 0.68
we.|ght ratio in blend. With increased dr.awmg =% KOPAS TR R EECEEN
ratio the content of water vapour SOI'ptIOFI as | 10% KOPA 6 1.91 223 2.31 0.57 0.69 0.71
well as the fineness of fibers decrease. This | 20% KOPA6 | 184 | 220 | 227 | 054 | 068 | 070
30% KOPA 6 1.81 212 2.25 0.52 0.65 0.69

is generally observed phenomenon.

3.3 Determination of tensile strength and
elongation at break

Values of tensile strength and elongation at

break were determined by apparatus Instron

model 3343 and they are shown in Table 5.

Tensile strength of modified PA 6 fibers

increases with increasing drawing ratio.
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Orientation factor increases with drawing
ratio for both types of copolyamides. For
equal drawing ratio increasing content of
copolyamide in the blend fibers, causes the
decrease of orientation factor.
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3.5Determination of electrostatic pro-
perties

The non-lubricated fibers were rolled up on
metal frame (about 10 x 12 cm) mechanically
to a uniform surface and the frame with the
fibre thus arranged was fixed to a STAT-
CHARGE FD 28 table. The fibre's surface
was charged to the maximum potential Unax
by friction of the slider moving on it. After the
potential reached the maximum, its drop was
continuously recorded until the charge
achieved zero potential.

Discharging curve

1 ——PAG
18 4 —+— PAG + 5% KOPA4

‘ —4— PAG + 10% KOPA4
—x— PAG + 20% KOPA4
—o— PAG + 30% KOPA4
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e
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Figure 1 Discharging curve of PA 6 fibers
and PA 6 fibers modified with KOPA 4

Discharging curve
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N
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Figure 2 Discharging curve of PA 6 fibers

and PA 6 fibers modified with KOPA 6

From Figures 1 and2 result these

conclusions:

— Both types of copolyamides have positive
influence on maximal potential and
discharging of fibers as well.

— With increasing content of modifiers in the
blend fibers the values of maximal

potential decrease.
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— Discharging in the time is faster when the
amount of copolyamides is higher. Even
at the very low content of copolyamides
equal to 5 wt.% discharging is very fast.
Copolyamide KOPA 6 is more effective.

4. CONCLUSION

Copolyamides based on ¢-CL and nylon salts
ADETA and AH are good compatible with
homopolyamide PA 6 thanks to similarity of
their chemical structure. This fact was proved
indirectly by preparation of modified PA 6
fibers which was without problems even at
higher content of copolymers (20 — 30 wt.%).
Sorption of water vapour of modified fibers is
slightly lower in comparison with non
modified PA 6 fibers. Tensile strength
decreases with higher content of both
copolyamides. Elongation at break is
influenced only negligibly. Both prepared

copolyamides have positive influence to
electrostatic properties: considerable
decrease of maximal potential and fast

discharging. Both of these properties are
directly proportional to higher content of
copolyamides in blended PA 6 fibers.

These properties give an assumption that
copolyamides with these compositions will be
useful as effective additives for fibre-forming
PA 6.

Acknowledgement: This work was
supported by the Slovak Research and
Development Agency under the contracts
No. APVV-20-011404 and VEGA 1/4456/07.
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KOPOLYAMIDY AKO ADITiVA PRE POLYAMIDOVE VLAKNA

Translation of abstract:
Copolyamides as additives for polyamide fibers

Ciefom tejto prace bolo pripravit ternarne kopolyamidy na baze e-kaprolaktamu s vhodnymi
komonomérmi, ktoré obsahuju v molekule atobm dusika a zhodnaotit' ich vlastnosti. Na pripravu
13 vzoriek kopolyamidov pozostavajucich z e-kaprolaktamu a nylonovych soli kyseliny
adipovej a dietyléntriaminu (ADETA) a kyseliny adipovej a hexametyléndiaminu (AH) bol
pouzity paturovnovy dvojfaktorovy experiment.
Dva zo zosyntetizovanych kopolyamidov boli vybraté ako aditiva pre viaknotvorny PA 6 a
gravimetrickou analyzou bol zisteny obsah nizkomolekovych latok (LMC). Molova hmotnost
vyjadrena relativnou viskozitou, ny, bola definovana kapilarnou viskozimetriou.
Boli pripravené PA 6 vlakna modifikované vybranymi kopolyamidmi a bol sledovany vplyv
kopolyamidov na sorpciu vihkosti, faktor orientacie, mechanické a elektrostatické vlastnosti
PA 6 vlakien.
Bolo zistené, Ze:
- priprava modifikovanych PA 6 vlakien je bezproblémova aj pri vy§$Som obsahu
kopolymérov 20-30% hm.,
sorpcia vzdusnej vlhkosti je pri modifikovanych vidaknach o nie€o nizSia v porovnani
s nemodifikovanymi PA 6 vlaknami,
pevnost v tahu klesa s vy$8im obsahom oboch kopolyamidov,
elektrostatické vlastnosti vykazuju znacny pokles hodnoty maximalneho potencialu
a rychle vybijanie modifikovanych PA 6 vlakien. Obe tieto vlastnosti su priamo umerné
vySSiemu obsahu kopolyamidov v zmesnych PA 6 viaknach.
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STRUCTURE AND PROPERTIES OF POLYESTER FIBERS FROM
DMT AND TEREPHTHALIC ACID FOR RUBBER INDUSTRY

M. Jambrich’, J. Rosa?, O. Jacanin?, K. Séasnikova' and M. Be&averova'

'Faculty of Industrial Technologies, TnU AD, . Krasku 491/30, 020 01 Ptchov
2SLOVKORD s.r.0, Tovarenské 532, 905 01 Senica

Abstract The work is aimed at preparation and evaluation of structure and basic utility
properties of high-modulus, low-shrinkage polyester (PES) technical fibers prepared from
different initial raw materials, dimethyl terephthalate (DMT) and terephthalic acid (PTA),
produced by continuous spin-draw process. The evaluation of polyethylene terephthalate
(PET) technical fibers was centered on physical-mechanical properties and on
supramolecular, morphological, and macromorphological structure parameters. The
results of the comparison of properties and structure of fibers have confirmed that fibers
made from terephthalic acid represent a more favorable type of technical polyester fibers.
Key words: polyester, technical fibers, high modulus, low shrinkage fibers, polyethylene
terephthalate, DMT, terephthalic acid, continuous spin-draw process, structure of fibers.

1. INTRODUCTION

High-tenacity polyester fibers have been
marketed since the 1960s and have become
the dominant construction material for various
technical applications. PES technical fibers
include conventional high-tenacity types (HT),
as well as high-modulus low-shrinkage types
(HMLS).

HMLS fibers have higher dimensional stability
and are preferentially used for the production
of tires. The development of HMLS fibers was
influenced mostly by increased requirements of
the rubber industry. Main suppliers of PES
fibers include global corporations, such as
AKZO (now ACORDIS) KoSa (former Hoechst
Celanese), Honeywell (as a part of General
Electric) and Kordtrade [1].

Polyester technical fibers are used in a wide
range of applications in automotive and rubber
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industry and for the production of various
composite construction materials. Today's
advanced technologies of preparation
importantly increase the level of usage of PES
technical fibers [2-4, 7].

In the future, the automotive industry, as well
as other sectors will need to develop newer
fibrous materials with better utility properties.
Today, the world production of PES cord is
more than 300 000 t/y.

Leading production companies have
developed special technologies of its
preparation based on production of high-
molecular PES polymers spun at high speeds.
HMLS PES fibers differ from conventional
types by their  supramolecular and
morphological structure and corresponding
thermodynamic-mechanical properties (Figure

T
i

il

<]

b

Figure 1 Deformation curves and structure model of a) conventional, b) HMLS PET fiber [6]
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2. EXPERIMENTAL PART

Experimental works were focused on the
preparation of PES technical fibers type
HMLS from DMT and terephthalic acid with
linear density of 1500 dtex by means of
continuous process, and on the evaluation of
their structure and utility properties. In
polymers used to produce HMLS fibers from
DMT and terephthalic acid, the intristic
viscosity n was >100 ml/g. The preparation
of fibers was carried out on the continuous
equipment at Vn >6000 m/min (Figure 2).

e,
<

pre-extmader tanks

F
t

L~ s A

air shaft

preparation deposit
¥ R AT

joining

Figure 2 Diagram of the equipment for
continuous preparation of PET fibers

Prepared technical polyester fibers were
evaluated from the point of their
supramolecular structure parameters (An,
speed of sound - C, crystalline portion - ),
mechanical properties (tenacity, elongation,
E, shrinkage), and  thermodynamic-
mechanical properties (tg & = E“/E’) at
temperatures from -50 to 250°C [5, 8].
Supramolecular structure parameters An,
speed of sound (C), and crystalline portion
(B) are shown on Figures 3-5.

Mechanical properties: tenacity, elongation,
Young modulus — LASE 5 and shrinkage are
shown on Figures 6 and 7. Thermodynamic
properties parameter tg & (E“/E’ = level of
mechanical losses) is displayed on Figures 8
and 9.

Vlakna a textil (2-3) 2008

Fibre-forming polymers

250
200
150
100 -+

50 4

o

PTA DMT

W An (10 exp™)

Figure 3 Double-refraction of fibers
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Figure 6 Elongation and shrinkage of fibers
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Figure 8 Loss factor tg & of fibers from DMT
fibers
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Figure 9 Loss factor tg & of fibers from PTA
fibers
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3. DISCUSSION AND CONCLUSION

Our work was aimed at preparation and
evaluation of physical-mechanical properties,
supramolecular, morphological, and
macromorphological structure parameters,
and dynamic-mechanical properties of PET
technical fibers from dimethyl terephthalate
and terephthalic acid. Fibers were prepared
using the spin-draw equipment.

Based on obtained results from the

evaluation of physical-mechanical properties,

thermodynamic properties and structure
parameters, we suggest the following
conclusions:

e Physical-mechanical properties (tenacity,
elongation) and shrinkage of polyester
HMLS fibers, prepared from DMT and
terephthalic acid (PTA), are comparable,
but the tenacity is partly higher in fibers
from terephthalic acid.

e The comparison of LASE module,
thermodynamic-mechanical properties
and loss angle tg ® showed that the fibers
prepared from terephthalic acid are more
suitable.

e Morphological and macromorphological
structure of polyester fibers prepared
from DMT and terephthalic acid are
practically on the same level, with high
homogeneity and uniformity of inner
structure and transversal geometry.

e Supramolecular structure parameters
(orientation and crystalline portion)
suggest that the polyester fiber prepared
from terephthalic acid has partly higher
average orientation and crystalline
portion, which results in more favorable
physical-mechanical properties.

e We can state that the properties of
polyester HMLS fibers prepared from
DMT and PTA are in accordance with the
criteria for PET fibers applied in technical
textiles.

Acknowledgement:  This work was
supported by VEGA agency, project No.
1/0406/08.
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STRUKTURA A VLASTNOSTI POLYESTEROVYCH VLAKIEN Z DMT
A KYSELINY TEREFTALOVEJ PRE GUMARENSKY PRIEMYSEL

Translation of abstract:
Structure and properties of polyester fibers from DMT and terephthalic acid for rubber
industry

Prispevok je zamerany na pripravu a hodnotenie Struktury a zakladnych uzitkovych
vlastnosti  vysokomodulovych, nizkozrazavych polyesterovych technickych vlakien
pripravenych z rozdielnych vychodiskovych surovin, z DMT a kyseliny tereftalovej (PTA),
kontinualnym zvlaknovaco-diziacim procesom. Hodnotenie PET technickych vlakien bolo
zamerané na fyzikalno-mechanické vlastnosti a na parametre nadmolekulovej, morfologickej
a makromorfologickej Struktury. Ziskané vysledky vlastnosti a Struktury viakien potvrdzuju, ze
vlakna pripravené z kyseliny tereftalovej predstavuju vhodnejSi typ technickych
polyesterovych vilakien.
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METHOD OF DETERMINATION OF EULER FRICTION
COEFFICIENTS OF TEXTILES

L. Sodomka and E. Chrpova

TU Liberec, Czech Republic
e-mail: [ubomir.sodomka@volny.cz

Abstract: In the contribution the method of the Euler friction coefficient measurement has
been proposed. The results are compared with the values of shearing and rolling friction
coefficients. The acoustic emission method is also used for description of the system. From
the acoustic emission spectra the friction mechanisms can be interpreted. The anisotropy of
friction coefficients has been determined. Acoustic emission spectra at Euler friction have

been scanned.

1. INTRODUCTION

The friction is very important effect of
interaction between two surfaces of materials.
Experimental measurement has revealed
three main types of friction: slide (s), rolling (r)
and Euler (E) friction. For these three types of
friction exists three types of friction laws as
follows:

Fs= fsN [1]
F = f.N f.=alR 2]
FE = Fo . exp(fE.a ) [3]

Fs, Fr and Fg are the forces for slide s, rolling r
and E Euler fiction, and fs, f,, and fg are the
friction coefficients as quantitative measure of
friction.

The significance of other symbols is explained

in Figure 1.
N —
2 SR C I
AT "u Fy 3
slide rolling Euler friction

Figure 1 Three main types of friction

The mechanisms of friction are common for all
three type of friction. They can be expressed
using the relation
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F = Fa+Fi+Fp+Fs + (Fe) [4]

where Fa is the adhesive, Fk constitutive, Fp
deformation, Fs steric and (Fg) electrostatic
forces contributing to the total friction force F.

2. EXPERIMENTAL

2.1 Methods for measurement of Euler

coefficient of sheet materials
The proposed method of Euler friction
coefficient measurement has an advantage
among other methods like the sliding and
rolling ones. In methods of measuring Euler
friction coefficient there is possible to use
common dynamometric method which is
present in every mechanical lab. For this
method an elementary subsidiary apparatus
has been proposed as it is displayed on the
Figure 2.

From the relation ship F = Fo exp (a.fg) for a =
m it is very easy to deduce the following
formula used for calculation the friction
coefficient fz from experimental data F and Fy:

fe= In (F/Fo)/mr 5]
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to AFE spectrometer

AF detector

Y

to clamps

F

v

Figure 2 Principle of subsidiary apparatus for
Euler friction measurement, a = 180° = 1r

a) the friction cylinder, Fo =M . g,

b) the realization of subsidiary apparatus

2.2 Measured probes
For the measurements the woven fabrics
probes have been prepared with backed
polypropylene sheets. The probes have been
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signed as follows: polypropylene woven PP
with the area mass weight plus area weight of
polypropylene sheets for example PP200+30.
Further the web fabrics Tatratex of area mass
equals to 3809/m2 have been used. All probes
with their characteristics are introduced in the
Tables 1a and 1b.

Table 1a Characteristics of PP 70 + 25 and
PP 200 + 30 (10 measurements)

thickness | warp | pickage area
pp |PTOPEY | rml | [um] | [um] [rgf‘rﬁzs]
7§5+ X 0.17 4140 | 3980 | 95.98
s 1.14.10° | 0.894 [ 0.837 | 1.92
v [%] 6.87 216 | 2.10 2.00
PP X 0.80 7000 | 4.860 |230.24
200 s 1.34.10° | 0.707 | 0.548 | 0.730
+30 | vI[%] 1.67 1.01 1.13 0.32
Table 1b Characteristics of Tatratex (10
measurements)
thickness area volume
Property mass mass
[mm] 2 3
Tatrate [o/m’] [kg/m ]
atratex X 220 | 380.52 |8.34 10"
s 0.16 23.33 [4.65.10°
v [%] 7.27 6.13 5.57

3. RESULTS AND DISCUSSION

Measurements of Euler friction coefficient are

summarized in Tables 2 — 4.
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Table 2 Euler friction coefficients for PP 70 + 25

Textile Materials

f - friction coefficient

Euler friction
LS RS

[ Fo [N] F [N] f[1] Fo [N] F [N] f[1]
= 1 4.28 8.28 0.2100 4.28 6.28 0.1220
5 2 4.28 5.28 0.668 4.28 6.28 0.1220
= 3 4.28 6.28 0.1220 4.28 5.28 0.0668
< ) 12.83 19.84 0.3988 12.83 17.84 0.3108
B X 4.28 6.61 0.1329 4.28 5.95 0.1036
< s 0 1.53 0.0722 0 0.58 0.0319
v [%] 0 23.1 54.3 0 9.7 30.8

_ 1 4.28 6.28 0.1220 4.28 7.28 0.1691
g 2 4.28 6.28 0.1220 4.28 6.28 0.1220
= 3 4.28 6.28 0.1220 4.28 5.28 0.0668
S p) 12.83 18.84 0.3660 12.83 18.84 0.3579
o X 4.28 6.28 0.1220 4.28 6.28 0.1193
% s 0 0 0 0 1.00 0.0512
v [%] 0 0 0 0 15.9 42.9
1 4.28 7.28 0.1691 4.28 5.28 0.0668
2 4.28 6.28 0.1220 4.28 6.28 0.1220

2 3 4.28 7.28 0.1691 4.28 7.28 0.1691
2 ) 12.83 20.84 0.4602 12.83 18.84 0.3579
= X 4.28 6.95 0.1534 4.28 6.28 0.1193
s 0 0.58 0.0272 0 1.00 0.0512

v [%] 0 8.3 17.7 0 15.9 42.9

f [1] friction coefficients with dimension 1 (dimensionless), LS - right side. RS - back side,
Table 3 Euler friction coefficients for PP 200 + 30
Euler friction
LS RS

[ Fo [N] F[N] f[1] Fo [N] F[N] f[1]

= 1 4.28 5.28 0.0668 4.28 7.28 0.1691
& 2 4.28 6.28 0.1220 4.28 6.28 0.1220
= 3 4.28 5.28 0.0668 4.28 6.28 0.1220
< ) 12.83 16.84 0.2556 12.83 1984 0.4131
B X 4.28 5.61 0.0852 4.28 6.61 0.1377
@ s 0 0.58 0.0319 0 0.58 0.0272
v [%] 0 10.3 37.4 0 8.7 19.8

. 1 4.28 5.28 0.0668 4.28 7.28 0.1691
£ 2 4.28 5.28 0.1220 4.28 6.28 0.1220
2 3 4.28 6.28 0.0668 4.28 6.28 0.1220
= ) 12.83 16.84 0.2556 12.83 1984 0.4131
o X 4.28 5.61 0.0852 4.28 6.61 0.1377
% s 0 0 0.0319 0 0.58 0.0272
v [%] 0 0 37.4 0 8.7 19.8

1 4.28 6.28 0.1220 4.28 7.28 0.1691
2 4.28 6.28 0.1220 4.28 5.28 0.0668

e 3 4.28 6.28 0.1220 4.28 7.28 0.1691
2 ) 12.83 18.84 0.3660 12.83 19.61 0.4050
= X 4.28 6.28 0.1220 4.28 6.28 0.1350
s 0 0 0 0 1.15 0.0591

v [%] 0 0 0 0 17.5 438
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Table 4 Euler friction: probe Tatratex

Euler friction
LS RS

g i Fo[N] FIN] f[1] Fo[N] FIN] f[1]
x S0 1 4.28 9.28 | 0.2463 | 4.28 9.28 | 0.2463
g IEE 2 4.28 9.28 | 0.2463 | 4.28 9.28 | 0.2463
Elcg 3 4.28 9.28 | 0.2463 | 4.28 9.28 | 0.2463
FleE 3 12.83 | 27.84 | 07389 | 12.83 | 27.84 | 0.7389
g X 4.28 9.81 | 0.2463 | 4.28 9.28 | 0.2463

s 0 0 0 0 0 0

v [%] 0 0 0 0 0 0

Values of anisotropy of friction coefficients are
presented in Table 5.

Table 5 Anisotropy of probes PP 70 + 25 and
PP 200 + 30

PP 70 + 25 PP 200 + 30
f[1] f1]

LS RS LS RS

0 0.1329 | 0.1036 | 0.0852 | 0.1377
15 0.1279 | 0.1204 | 0.0921 0.1370
30 0.1424 | 0.1216 | 0.1101 0.1357
45 0.1534 | 0.1193 | 0.1220 | 0.1350
60 0.1496 | 0.1129 | 0.1101 0.1357
75 0.1382 | 0.1063 | 0.0921 0.1370
90 0.1220 | 0.1193 | 0.0852 | 0.1377
105 0.1382 | 0.1063 | 0.0921 0.1370
120 0.1496 | 0.1129 | 0.1101 0.1357
135 0.1534 | 0.1193 | 0.1220 | 0.1350
150 0.1424 | 0.1216 | 0.1101 0.1357
165 0.1279 | 0.1204 | 0.0921 0.1370
180 0.1329 | 0.1036 | 0.0852 | 0.1377
195 0.1279 | 0.1204 | 0.0921 0.1370
210 0.1424 | 0.1216 | 0.1101 0.1357
225 0.1534 | 0.1193 | 0.1220 | 0.1350
240 0.1496 | 0.1129 | 0.1101 0.1357
255 0.1382 | 0.1063 | 0.0921 0.1370
270 0.1220 | 0.1193 | 0.0852 | 0.1377
285 0.1382 | 0.1063 | 0.0921 0.1370
300 0.1496 | 0.1129 | 0.1101 0.1357
315 0.1534 | 0.1193 | 0.1220 | 0.1350
330 0.1424 | 0.1216 | 0.1101 0.1357
345 0.1279 | 0.1204 | 0.0921 0.1370

0 is the measured direction angle for polar

anisotropy diagram on Figure 3. _ Figure 3 Polar diagrams of a) PP70+25S, b)
Graphical presentation of anisotropy is on the PP70+25R, c) PP200+30S, d) PP200+30R [5]
Figure 3.
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In the Table 6 the quantitative evaluation of
anisotropy using the anisotropy degree is
presented.

Table 6 Degree of anisotropy of Rulet friction
coefficient Sa = (fmax - fmin)/ (fnax + fmin)

Sa
PP 70 + 25 PP 200 + 30
LS RS LS RS
foin [1] | 0.1220 | 0.1036 | 0.0852 | 0.1350
fmax [1]| 0.1534 | 0.1193 | 0.1220 | 0.1377
Sa[1] | 0.1140 | 0.0704 | 0.1776 | 0.0099

From the Table 6 it is seen that the anisotropy
of measured probes is small. The concrete
form of anisotropy is presented better in the
polar diagram on the Figure 3.

4. CONCLUSION

In the contribution it was shown, that the
measurement of Euler friction coefficient can
be very simple carried out on the
dynamometer. In the comparison with slide
and rolling friction coefficient the Euler friction
coefficient is lying between slide and rolling
ones. It is smaller than slide friction coefficient
and higher than rolling friction coefficient.

Acoustic emission of Euler friction
Together with Euler friction measurements
there the measurement of acoustic emission
(AE) appearing at the Euler friction has been
carried out. The experimental set up is the
same as it that was shown on Figure 2. To this
set up the AE detector has been connected to
the AE spectrometer DAKEL. Because the AE
measurements are very sensitive, an
expectation is being come, that the AE spectra
can help to recognize the friction mechanisms
in qualifying friction forces defined in (2). The
examples of AE spectra together with their
Fourier transform indicating the power spectra
are shown on Figure 4 [1- 4].
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Figure 4 AE Euler friction spectra

From AE spectra on the Figure 4 one can
deduce, that during friction the accumulation of
friction energy is engendering with two
frequency responds 100 kHz and 300 kHz.
From the AE measurement it is possible to
imply that the AE is a helpful implement for the
friction studies.

Dedicated to the memory of Magdi and
Myska
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IZOLACIA PRIRODNYCH FARBIV Z RASTLINNYCH ZDROJOV
A ICH VYUZITIE NA FARBENIE PRIRODNYCH MATERIALOV

|. Srokova, P. Skalkova, V. Mazikova a T. Toth’

TrenCianska univerzita Alexandra DubCeka, Fakulta priemyselnych technoldgii,
_I. Krasku 491/30, 020 01 Puchov, Slovenska republika, e-mail: skalkova@fpt.tnuni.sk,
Vyskumny ustav zeleninarsky, Andovska 6, 940 01, Nové Zamky, Slovenska Republika

Abstrakt: Z okvetnych listkov Pozltu farbiarskeho (Carthamus tinctorius) vo vysusenom
stave je mozné extrahovanim vodou, alebo etanolom ziskat po odpareni zZlto — oranzové
farbivo. Hlavnymi farbivami su flavonoidy, safflomin A (hydroxysafflor ZIty A) a safflomin B
(safflor zlty B) [1-4]. Na izolaciu Zltého farbiva z Pozltu farbiarskeho bola pouzita extrakcia
vodou pri teplotach do 60°C za ¢as 1 h. Po extrakcii nasledovala izolacia farbiva
z vodnych extraktov lyofilizaciou alebo odparenim za vakua a za normalneho tlaku.
Koncentracia farbiva v extrakte sa stanovila spektrofotometrickym meranim. Obsahy
farbiv izolovanych tromi metédami sa pohybuju v rozsahu od 168-359 g/1 kg okvetnych
listkov. Pred samotnou extrakciou farbiva, sa stanovilo percento vlhkosti (3-7 %) pri

100°C po dobu 1 h.

1. UVOD

V sucCasnosti sa vo viacerych odvetviach
priemyslu pouzivaju prevazne syntetické
farbiva pre rbézne ucely. VyrieSil sa tak
problém Sirokej farebnej Skaly s dérazom na
stalofarebnost v réznych prostrediach a na
svetle, odolnost, spdsob nanasania, atd.
Pouzivaju sa na farbenie réznych substratov,
réznymi spdsobmi. Pretoze ich chemicka
vyroba, ale aj ich pouzivanie pri farbeni
najrbznejSich substratov, ale hlavne v
textinom priemysle vedu k zatazovaniu
Zivotného prostredia, najma voéd po ich
aplikacii, je snaha nahradzat syntetické
farbiva v niektorych odvetviach ekologickymi
prirodnymi farbivami. Pozornost na seba
putaju rastliny obsahujuce prirodné farbiva
vhodné pre ekologické farbenie textilu,
papiera, dreva a podobnych substratov,
najma pre deti [1]. Délezitym zamerom je

najst C€o najoptimalnejSie  podmienky
pripravy, materialovo [ energeticky
nenaro¢né postupy izolacii farbiv z

rastlinnych zdrojov s minimalnym dopadom
na ekoldgiu.

Carthamus tinctorius (Pozlt farbiarsky) je
prastara, mnohoucelova kulturna rastlina.
Viac, ako tri tisicroCia bola pestovana ako
farbiarska, lieCiva aj olejnata rastlina.
Carthamus, podobne ako vacsSina rastlin

Vléakna a textil (2-3) 2008 34

pochadzajucich z oblasti Malej Azie, znasa
velmi dobre sucho a kolisanie teplot. S
vynimkou rumelkovo Kkvitnucej ,Tangerine®
boli pravdepodobne vsSetky skoré odrody
odvodené z jediného ekotypu s mierne
ostnatymi listehmi na Sirokom zakrove a
bujne kvitnacimi kvetmi. Rozkvitaju
Sestdesiat dni po skorej sejbe a dostupné
su v oranzovych odtienoch -Kinko",
»1reibgold®, ,Sophia“, v zltych —,Summersun®
aj v bielych odtienoch — ,Cremewit®, ,Shiro“ a
» 1 reiweiss”. Kvietky oranzovych a
rumelkovych odréd sa daju pouzit ako
nahrada $afranu. ZIté farbivo sa nachadza
v okvetnych listkoch. Pozlt farbiarsky sa
vyskytuje ako bodliak s trubkovitymi kvetmi
v ZIto - oranzovych farbach [2]. Ako jediny
z farbiarskych rastlin obsahuje v kvetoch dve
uplne odlisné farbiva - vo vode rozpustny Zlty
safflor (safflomin A alebo Zzlty karthamin )
a vodonerozpustny, rozpustny len
v alkalickych roztokoch safflor — d&erveny
(safflomin B alebo Cerveny karthamon) [2,3].
Na farbenie textilu sa pouzivali ZzIté
a Cervené farbiva. Ziskavali sa zo suSenych
kvetov, ktoré sa zbierali ruCne. Kazdy kvet
ma len tri blizny. Pranim sa z kvetov uvolnilo
ZIté farbivo pouzivané na farbenie vSetkych
druhov  prirodnych  vldkien.  Pridanim
alkalickych roztokov sa ziskalo aj Cervené
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farbivo, vhodné na farbenie
a hodvabu [3].

Ciefom $tudie bolo najst vhodny spbsob na
extrakciu aizolaciu farbiva z okvetnych
listkoch PoZltu farbiarskeho, stanovit obsah
farbiv v dodanych vzorkach a vypracovat
pomerne jednoduchu arychlu metddu
spektrofotometrického stanovenia obsahu
farbiv v extraktoch. Uvedenymi metodami sa
izolovalo vacsie mnozstvo farbiva, ktoré sa
pouzilo na farbenie prirodnych substratov
(vina, bavina, polylaktidové viakna).

baviny

2. CHARAKTERIZACIA A IZOLACIA
FARBIVA Z POZLTU
FARBIARSKEHO

Z korunnych platkov PoZltu farbiarskeho vo
vysusenom stave (carthamin flos) je mozné
extrahovanim vodou, resp. nepatrne
okyslenym roztokom ziskat' po odpareni zlto
— oranzové farbivo [3]. Hlavhym farbivom je
safflomin A (hydroxysafflor zlty A) pouzivany
v Cinskej farmacii a safflomin B (safflor Zlty
B), Casto pouzivany ako potravinarske
farbivo [4]. Farbivo PoZltu obsahuje cukry,
oleje a bielkoviny prirodzene sa vyskytujuce
v rozli¢nych rastlinach.

—H
—OH
—OH

HO

CH0H on

SafflominA

SafflominB
Obr. 1 Carthamus tinctorius - chemicka
Struktura safflomin A a safflomin B [4].

Hlavnym cielom sucasného pestovania je
ziskavanie oleja zo semienok. Zarodky
lupenov obsahuju 50% mastného oleja
bohatého na nenasytené linolové (70%) a
linolenové kyseliny (10%) spolu s pomerne
vysokym obsahom vitaminu E (310 ppm).
Carthamus tinctorius ma uplatnenie tiez ako
liek na zniZeniu hladiny cholesterolu v krvi pri
arterialnej skleréze a cievnych ochoreniach
[2].
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V praci [4] sa autori zaoberali izolaciou zltého
farbiva z Pozltu  farbiarskeho pre
potravinarske pouzitie. Mozna je extrakcia
etanolom alebo vodou. Na ziskanie farbiva
pouzili rozdrvené kvety PoZltu, ktoré sa susili
na vzduchu na tienistom mieste okolo 48 h.
Pred pouzitim boli kvety ulozené v
zapecCatenych plastovych obaloch, pri teplote
5-8°C a chranené pred svetlom. Pred
samotnou extrakciou farbiva sa stanovilo
percento vihkosti (5-7%) pri 100°C po dobu 1
h. Maximalny vytazok farbiva z extraktu bol
ziskany pouzitim etanolu ako extrakéného
Cinidla pri 60°C za ¢as 50 minut.

Autori  [5] publikovali vysledky Studia
chemickych zloZiek v okvetnych listkoch
Pozltu farbiarskeho. Ztychto okvetnych
listkov boli ziskané karthamin, safflor Zlty
AaB, safffomin AaC, isokarthamin,
isokarthamidin,  hydroxysafflor  ZIlty A,
atinctormin, ako aj niekofko novych
flavonoidov a fenolovych Zloziek.
PokraCovanie tychto Studii viedlo kizolacii

Styroch  zloZiek vratene flavonoidného
glukozidu.

Na Studium Cerveného farbiva
v kultivovanych bunkach Pozltu pouzili autori
[6] vysoko ucinnu kvapalinovu
chromatografiu (RP HPLC), ktora bola

pouzitd na analyzu a Cistenie karthaminu,
saffloru zltého (safflomin A) a prekarthaminu.
Cervené farbivo podobné karthaminu bolo
izolované extrahovanim Z bunkovych
nosnych kultir a RP HPLC metdéda bola
pouzita pre jeho charakterizaciu.

Enzymatickému speviiovaniu prekarthaminu

sa venovali vpraci [7]. Izolovany
a Strukturalne identifikovany prekarthamin
bol ,prestavany* na Cervené farbivo
s homogénnym enzymom z nezrelych
okvetnych listkov Pozltu (pH = 5).
Enzymatické farbivo bolo identifikované

metddami TLC, HPLC a UV spektroskopiou
ako karthamin, ¢ervené farbivo PoZltu.

3. EXPERIMENTALNA CAST

3.1Pouzité
zariadenia
Pozlt farbiarsky — kvety z urody 2005 - AA,
AB, BA a BB, ulozené v chladnicke
v zatavenych mikroténovych obaloch bez

materialy, chemikalie a
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pristupu vzduchu, Vyskumny ustav
zeleninarsky, Nové Zamky, SK

Vinené Eesance - Merina, a.s. Trencin, SK
Polylaktidové strizové vlakna, PL — 32 -
VUCHYV, Svit, SK

Standardna bavinena tkanina,

Etanol, acetén - Slavus s.r.o., Bratislava, SK
Slovasol O - VUTCH — Chemitex, s.r.o.,
Zilina, SK.

3.2 Pouzité metody

Odparovanie vodnych extraktov z okvetnych
listkov Pozltu farbiarskeho sa uskutocnilo
odparenim rozpustadla na vakuovej odparke
INGOS - RVO 200, lyofilizacia extraktov sa
uskutoénila na CHU SAV v Bratislave
v lyofilizatoroch. Koncentracia farbiva sa
stanovila spektrofotometricky na SPECORD
UV VIS, CARL ZEISS, Jena.

3.31zolacia farbiv z Pozltu farbiarskeho
extrakciou
Pri izolacii farbiva z Pozltu farbiarskeho sa
zvolil postup, ktory popisali autori v praci [7].
Uvedenym postupom sa ziskalo zlté farbivo
z okvetnych  listkov ~ extrakciou  vodou
a naslednou lyofilizaciou alebo odparenim za
vakua a za normalneho tlaku.
VSeobecny postup pripravy extraktu:
Do okruhlej 100 ml banky sa predlozi 1g
susenych zhomogenizovanych okvetnych
listkov Pozltu farbiarskeho, prida sa 100 ml
destilovanej H,O a zmes sa mieSa 1 h. pri
60°C na magnetickom mieSadle
s termostatom. Obsah v banke sa necha
ochladit a oddeli sa tuha cast okvetnych
listkov z extrakéného roztoku prefiltrovanim
cez Buchnerov lievik. Vysledny extrakt
mozno kratkodobo uchovavat v chladnicke.

3.4Stanovenie koncentracie farbiv
v extraktoch CT spektrofotometrickou
metédou

Metdda stanovenia koncentracie farbiv

v extraktoch Pozltu farbiarskeho (CT) je

zaloZena na merani absorbancie pri 412 nm

vo vode. Koncentracia sa stanovi odcCitanim

z kalibraCnej priamky zostrojenej meranim

absorbancii roztokov ziskanych riedenim
zasobného roztoku farbiva o presnej
koncentracii. Kalibratha krivka udava
zavislost absorbancie od koncentracie.
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Ziskana kalibraCna krivka sa zostrojila
riedenim zasobného roztoku pevnej vzorky
farbiva v mnozstve  10mg,,q., / 25Ml 4 1 o

v rozsahu od O,5—2,0m|/10m|H20. Kalibra¢na

krivka je na Obr. 2. Namerané absorbancie
vzoriek a ich prepocet na koncentracie farbiv
v extraktoch su v Tab. 2.

3.5Testovacie metody

Obsah vody (%) v suSenych kvetoch (1 g) sa
stanovil gravimetricky v suSiarni pri 100°C za
Cas 1 h. SuSenie sa opakovalo do
konstantnej hmotnosti [8].

Farbenie prirodnych substratov (hodvab,
vina, bavinena tkanina a polylaktidové
vlakno) pozostavalo z farbiacich kupelov (c =
0,5-2%) oobjeme 200 ml vody a0,05 g
(resp. 0,1 g alebo 0,2 g) vzorky farbiva
izolovaného z extraktov. Vzorky sa farbili 60
minut pri teplote 60°C [9, 10]. VysuSené a
zafarbené vzorky sa po 24 h. vyprali pri
50°C, 10 minut. Praci kupel pozostaval z
0,5% vodného roztoku Slovasolu [8, 13].

4. VYSLEDKY A DISKUSIA

Pred izolaciou farbiv extrakciou sa stanovil
obsah vody v % v Styroch vzorkach
z okvetnych listkov Pozltu farbiarskeho. Z
Tab. 1 (uvedené su stanovenia v dvoch
réznych obdobiach) vidno, Ze priemerny
obsah vody vo vzorkach z okvetnych listkov
Pozltu farbiarskeho sa pohybuje od 4,76 —
7,31% v novembri 2005 (je niz8i ako uvadza
literatura [7]), ale vo februari 2006 sa mierne
vlhkost znizila na hodnoty 3,20 — 7,10%.

Tab. 1 Stanovenie obsahu vody vo vzorkach —
CT ( november 2005 a februar 2006)

Priemerny Priemerny

Vzorka obsah H,0 obsah H,0
[%] [%]

Nov. 2005 Febr. 2006
AA 7,30 7,10
AB 7,31 3,70
BA 4,76 3,20
BB 5,11 4,60

Pri izolacii zltého farbiva z extraktov PozZltu
farbiarskeho bolo ciefom najst najvhodnejSi
spbsob  ziskania farbiva z  extraktu
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a vypracovat pomerne rychlu a presnu
metdédu stanovenia koncentracie farbiva
v extraktoch z okvetnych listkov.

Z literatary [7] je znama extrakcia Zzltého
farbiva etanolom avodou. V priebehu
rieSenia sa pouzili obe rozpustadla na
extrakciu Styroch druhov rézne pestovanych
rastlin PozZltu farbiarskeho. Pri extrakcii
vzorky AA etanolom sa zistilo, Ze tento nie je
vhodny, pretoZze sa uvolfiuje do roztoku
z okvetnych listkov aj znacné mnozstvo
tukov, soli ainych latok, ktoré dalSim
spracovanim na vakuovej odparke poskytli
olejovity produkt.

1,67

n
14 y=187x-0,13
R =0,983
1,21

1 u

A 081

0,6 =
041 /

0,21

0
0 0,1 0,2 0,3 04 0,5 0,6 0,7 0,8 0,9
¢ (ma/10 ml)

Obr. 2 Kalibratna krivka pre stanovenie
koncentracie farbiv v extraktoch Pozltu
farbiarskeho.

V uvedenej praci sa zvolila voda ako
najlacnejSie a ekologicky najvhodnejSie
rozpustadlo, v ktorom sa farbivo rozpusta.
Extrakcia sa uskutocnila postupom
uvedenym v experimentalnej Casti pri 60°C
za Cas 1 h. Po odfiltrovani okvetnych listkov
sa filtrat lyofilizoval a ziskalo sa Zlto-hnedé
farbivo v hubovitej forme. Vytazky
z extrakcie (1 g okvetnych listkov v 100 ml
H>0) su uvedené v Tab. 3 a su prepocitané
na obsah farbiva v g/1 kg okvetnych listkov
Pozltu farbiarskeho. Tento sa pohybuje od
245-269 g/1 kg. Najviac farbiva sa ziskalo zo
vzorky BB.

ZIté farbivo izolované lyofilizaciou sa vyuzilo
na vypracovanie spektrofotometrickej metddy
stanovenia koncentracie uvedeného farbiva
pri A = 412 nm zvodnych extraktov
okvetnych listkov Pozltu farbiarskeho.
Farbivo ma absorpéné maximum pri A = 412
nm, ¢o je vsulade s literaturou [7, 11].
Z extraktov vSetkych Styroch vzoriek sa po
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naslednom riedeni zmerala absorbancia
a odcCitala koncentracia z kalibracnej krivky
(Obr.2). Vysledky su uvedené v Tab.3.
Obsah farbiva sa pohybuje od 270-337 g/kg.

Tab. 2 Hodnoty absorbancie vzoriek
extraktov z Pozltu farbiarskeho a vypocitany
obsah farbiv vo vzorkach

VZOTky A 412 nm C1 C2 -
[mglig okv. Iist.] [gl_kg SUSII"Iy]

AA 0,92 280,0 301,0

AB 0,98 297,0 309,0

BA 1,08 324,0 337,0

BB 0,84 259,0 270,0

Lyofilizacia je energeticky aj Casovo narocna.
Z toho dbévodu sa v dalSich experimentoch
odparila voda z extraktov na pieskovom
kupeli a na vakuovej odparke. Pri kazdej
vzorke okvetnych listkov AA - BB pre
spracovanie  pieskovym  kupelom  sa
opakovala extrakcia vodou pat krat a v Tab.
3 je uvedeny aritmeticky priemer obsahu
farbiva v okvetnych listkoch. Uplnym, ale
postupnym odparenim vody sa ziskala
oranzovo - hneda praskova forma farbiva,
vhodna na pripravu koncentracného radu

vyfarbeni vinenych ¢&esancov, bavinenej
tkaniny a polylaktidovych vlakien.
Gravimetricky sa zistilo, Ze najvacsie

mnozstvo farbiva sa ziskalo zo vzorky BA,
ktora bola hnojena (Tab. 3). Obsah farbiva
sa pohybuje od 0,339-0,359 g/1g okvetnych
listkov, resp. 339-359 g/kg. Uvedeny obsah
farbiva je vySSi ako pri izolacii farbiva
lyofilizaciou.

Tab. 3 Obsah farbiva v g/1 kg okvetnych
listkov z CT stanoveny vo vodnych extraktoch
gravimetricky a spektrofotometricky

vzorky | Lyofilizacia E:,le:;; O(;Igla(r)ka Spektrofotom.*
AA 260 342 168 301
AB 245 342 188 309
BA 272 359 253 337
BB 269 339 244 270

* obsah prepocitany na 100%-nu susinu

Ziskavanie farbiva v praskovej forme
odparenim extraktu na pieskovom kupeli je
jednoduchy, ale Casovo a energeticky
naro¢ny postup. Ako vhodnejSi spésob na
odparenie vody sa javi vyuZitie vakua,
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pouzitim  rotaCnej  vakuovej  odparky.
Odparenim vody zextraktov na vakuovej
odparke do sucha sa ziskalo jemné farbivo
vo forme oranzovo-hnedého  prasku.
Odparovanie vody na vakuovej odparke
viedlo k niz§im vytazkom ziskaného farbiva.
Obsah sa pohybuje v rozmedzi 168-253 g/kg
okvetnych listkov ~aje  porovnatelny
s obsahom farbiv ziskanych lyofilizaciou
extraktov. Najviac farbiva sa izolovalo opat
zo vzorky BA (Tab. 3). ZTab. 3 zaroven
vidno, Zze najvysSi obsah farbiv sa stanovil
u vzorky BA vSetkymi metédami.

Na farbenie substratov v tejto praci sa pouzili
farbiva izolované odparenim vody na
pieskovom kupeli. Z literatury [11, 12] je
zname, ze rastlinné farbiva su vhodné na
farbenie prirodnych materialov. Preto sa na
farbenie pouzili vinené Cesance, bavinena
tkanina a polylaktidové strizové vlakna.

Zltym farbivom sa najskér vyfarbili vinené
vlakna v troch koncentraciach od 0,05-0,2 g
farbiva/10ml,, , farbiaceho kupefa. Ziskal sa

koncentracny rad vyfarbeni (0,5-2%). Pre
posudenie koncentracie farbiva na vlakne sa
vyuzila jednoducha a rychla metdda
namerania reflektanCnej krivky v rozsahu
400-700 nm. U vyfarbenych vzoriek vidno, ze
¢im je vyfarbenie sytejSie, tym je
reflektancna krivka v oblasti 400-500 nm
nizSie polozena (Obr. 3). Stalofarebnost v
prani je relativne dobra, pretoZe ani pranim
sa z vlakien farbivo neuvornilo, ¢o vidno zo
vzorkovnice. Dosiahli sa sice malo syte
vyfarbenia, ale farbivo sa nevypralo a
predmetom dalSich prac bude zvySenie
sytosti vyfarbeni.

V literature [2] je uvedené, Ze z PoZltu
farbiarskeho je mozné ziskat rovnako Zlté
ako aj &ervené farbivo. Zltym farbivom je
mozné vyfarbovat materidly zivoCisneho
pdvodu, Cervené sa vSak viaze len na vlakna
rastlinného pdévodu. Vyskusalo sa farbenie
bavinenej tkaniny na zlto. Ziskali sa ziarivé
ZIté vyfarbenia pred pranim. Po oplachnuti
vo vode a prani v Slovasole O sa ziskalo len
slabé ZIté vyfarbenie, Co potvrdila aj
namerana reflektanéna krivka (Obr. 4).
Stalofarebnost’ vo vode mozno hodnotit' ako
zlu.
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Obr. 3 Reflektancné krivky vyfarbenia viny
farbivom izolovanym z CT pri koncentracii
farbiva 0,5-2%
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Obr. 4 Reflektanéné krivky vyfarbenia ba-
tkaniny farbivom z CT pri koncentracii farbiva
0,5-2%.

Vyfarbenie na Cerveno sa nepodarilo
dosiahnut ani po dodrzani postupu
uvedeného v literature [2]. Zmenou pH na
11, kupel nadobudol oranzovo - hnedu farbu
a pridanim kyseliny octovej (pH = 6) malo
dojst ku vyfarbeniu na bavinenej tkanine.
Roztok sa sfarbil na predpisanu farbu, ale na
bavinu farbivo nevytiahlo. Tymto postupom
sa neziskalo Cervené vyfarbenie, ale len Zlté.
Z dosiahnutych vysledkov sa zda, zZe treba
hladat podmienky ukotvenia farbiva na
bavinenej tkanine, ktoré sa z Casovych
doévodov neskumali.

Pri farbeni polylaktidovych vlakien (PL) sa
pouzil rovnaky postup ako pri bavinenej
tkanine. Vo farbiacich kupeloch (¢=0,05-0,2
g/10ml,, ) sa nam PL vlakna ihned sfarbili

do zlta. Oplachovanim vo vode sa vSak
farbivo uvolnilo do vody a po prani ostali len

750
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niektoré vlakenka jemne sfarbené do Zlta, o
potvrdila aj namerana reflektanéna krivka
a oko koloristu (Obr. 5).

Ciefom tejto Casti prace bolo zistit, Ci je
farbivo fixované na substrate aj po prani. Po
farbeni sa sice dosiahlo pomerne syte
vyfarbenie u jednotlivych substratov, ale po
zavereCnej operacii - prani sa farbivo
vypralo. Predmetom dalSich prac moéze byt
pozornost venovana fixacii farbiva na
substratoch , aby sa zlepsili stalosti v prani.
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Obr. 5 Reflektanéné krivky vyfarbenia PL
strize farbivom z CT pri koncentracii farbiva
0,5-2%

5. ZAVER

Na zaklade dosiahnutych vysledkov mozno

formulovat nasledovné zavery:

e Na extrakciu farbiva z okvetnych listkov
Pozltu farbiarskeho je vhodné pouzit ako
rozpustadlo vodu, pretoze je najlacnejsSia,
najucinnejSia  a ekologicky prijatelna.
Etanol ako rozpustadlo na izolaciu farbiva
je nevhodny, pretoZze poskytuje olejovity
produkt (zmes farbiv, sacharidov,
bielkovin a inych sprievodnych latok).

e Z vodnych extraktov je mozné farbivo
izolovat  lyofilizaciou, odparenim na
pieskovom kupeli, alebo odparenim na
vakuovej odparke

e Obsahy farbiv izolovanych  tromi
metddami sa pohybuju v rozsahu od 168

- 359 g / 1 kg okvetnych listkov.
Porovnatefné vysledky su metddou
lyofilizacie, odparenia  za vakua

a spektrofotometrické stanovenie obsahu
farbiv v extraktoch

750
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Najvy$si obsah farbiva sa ziskal u vzorky
BA, ktora bola hnojena, ato vSetkymi
tromi metddami izolacie.

NajvhodnejSi a najmenej naro¢ny postup
izolacie farbiva je odparovanie na
vakuovej odparke, €i uz z asového alebo
ekonomického hladiska, ale je potrebné
opakovat stanovenia obsahu, pretoze
2509/1kg).

Vypracovala sa metéda stanovenia
koncentracie farbiv z vodnych extraktov
okvetnych listkov Pozltu farbiarskeho
spektrofotometricky. Vysledky obsahu
farbiv . na 1 kg okvetnych listkov su
porovnatefné s metoédami
gravimetrickymi, s vynimkou izolacie
odparenim vody na pieskovom kupeli.
Farbivo ziskané 2z okvetnych listkov
Pozltu farbiarskeho je vhodné na farbenie
prirodnych substratov s jednorazovym
pouzitim (celuléza, vina), ale nema
dostato¢nu stalost vo vode a po prani,
preto sa musi najst vhodny spdsob
fixacie farbiva na substrate, ¢o méze byt
predmetom dalSieho Studia.
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ISOLATION OF NATURAL COLOURS FROM VEGETABLE SOURCES AND THEIR
UTILISATION ON COLOURING OF NATURAL MATERIALS

Preklad €lanku
Izolacia prirodnych farbiv z rastlinnych zdrojov a ich vyuzitie na farbenie prirodnych
materialov

From petal of Carthamus tinctorius in dried state is allowed to extraction by water, or ethanol
after evaporation yellow — orange pigment is obtained. Main pigments are flavonoids,
hydroxysafflor yellow A and safflor yellow B [1-4]. On isolation of yellow pigment from
Carthamus tinctorius was used extraction by water at 60°C, 1 h. The pigment was separated
from the water extracts by lyophilization, or evaporation under pressure and normal pressure.
The pigment concentration in extract was determined by spectrophotometric determination.
The yield of pigments isolated by three methods was 168-359 g/1 kg of petal. Before
extraction of pigment, percentage of humidity (3-7%) at 100°C, 1 h was determined.
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REOLOGIA A SPRACOVATELNOST METALOCENOVYCH
POLYOLEFINOV

M. Hricova and A. Marcingin

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

Su zname viac ako 50 rokov, v su¢asnosti su
znovuobjavené modernou organometalickou
chémiou, uskutocnili svetovu revoluciu
v katalyze, eSte stale maju Cim prekvapit
a su stale mladé - metalocénové komplexy.
Trochu histérie [1]:

Objav Zieglerovych katalyzatorov (1950),
kombinacia titanu (lll, alebo 1V), chloridu
a alkylaluminia na Max-Planckovom Institute
(Nemecko) odstartoval realy v chémii titanu.

Samozrejme  titanocénové  (titanocene)
komplexy boli vtych dnoch prvymi
kandidatmi na testovanie pre katalyticku
polymerizaciu (Natta a Breslow, 1957).
Nanestastie sa pomocou tychto
katalyzatorov nepodarilo dosiahnut

uspokojivé vysledky. Situacia sa zmenila
objavom a aplikaciou metylmoxanu (MAO),
(Sinn a Kaminsky, 1980), ako vhodného
katalyzatora.

Reichert (1973) nahodou objavil, Zze malé
mnozstvo vody zvysuje aktivitu
trimetylaluminum kokatalyzatora. Pokrok ma
casto korene v nahodach.

Odvtedy sa metalocénové komplexy stali
objektom  vyskumu v priemysle i na
akademickej pbde, pretoze homogénne
katalyzatory maju délezitu vlastnost: kazda
jedna molekula mobéze ,urobit pracu®
niekofkych aktivnych miest na povrchu
Castice heterogénneho katalyzatora.
Brintzinger predstavil mostikové (bridged)
metalocénové komplexy, tzv. ansa
metalocény, pévodne pripravené za inym
uCelom abolo ocividné, Ze symetria
katalyzatorového prekurzora méze urCovat
stereoSpecifitu polymerizacie prochiralnych
olefinov ako napr. propénu (Ravazi).
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Vysoka aktivita a obrovsky potencial tychto
katalyzatorov sa stali zjavnhymi na konci 80-
tych rokov. V tych €asoch sa metalocénove
katalyzatory pre stereoSpecificku
polymerizaciu  polypropylénu (PP) stali
hlavnou prioritou. Nebol to len ,ulet” pri
vyrobe izotaktického PP (Himont monopol),
ale uz bolo zrejme, ktoré metalocénoveé
katalyzatory umoznia produkciu novych, na
mieru usitych polymérov a kopolymérov, ako
aj mnoho dalSich materialov vhodnych na
trh.

Skupina H.G. Alta [1] zaCala s vyskumom
metalocénovych katalyzatorov v r. 1988 a stal
sa ztoho nekone¢ny pribeh. Do roku 2006
syntetizovali, charakterizovali a testovali viac ako
800 réznych metalocénovych katalyzatorov (a asi
700 dalSich) a stale pokracuju. Prec¢o?
NajneobvyklejSou vlastnostou metalocénovych
katalyzatorov je fakt, Ze nepatrné rozdiely
v Strukture katalyzatora moézZzu mat obrovsky
dopad na priebeh katalyzy ako aj na Strukturu a
vlastnosti polyméru.

Vyskum novych polyolefinov zaloZzenych na
metalocénovych technoldgiach reprezentuje
znacny pokrok v produkcii polyolefinov
urCenych pre Siroku oblast aplikacii.
Schopnost  ziskat homogénnu distribuciu
kratkych rozvetvenych retazcov (short chain

branching distribution) a kontrolovat
molekulovi  hmotnost  je = mimoriadna
a pozoruhodna.

Pridana schopnost zavadzat dihé

rozvetvené retazce (long chain branching
LCB) do nieCoho, Co m6ze okrem iného byt
aj linearny polyolefin otvorilo Siroku Skalu
spracovatelskych moznosti. LCB vclenené
do linearnych kopolymérov zvySuju ,shear
thinning® a elasticitu taveniny.
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Linearny low density polyetylén (LLDPE) bol
a stale je produkovany pouzitim Ziegler-
Nattovych katalyzatorov uz od 50-tych rokov
[2]. Polyolefinovému trhu a technoldgiam v
80-tych rokoch dominoval LLDPE na baze (-
olefinovych kopolymérov vyrobenych bud
rozpustacim procesom (DuPont, Dow
Chemical) alebo plynofazovym (gas phase)
procesom (Union Carbide). Tieto polyméry
reprezentovali znacny pokrok vo fyzikalnych
vlastnostiach cez LDPE s LCB vyrobenym
konvencnym tlakovym procesom.

Vyskum a komercializacia metalocénovych
polyolefinov v 90-tych rokoch  viedli
k zvySenej produkcii tychto polymérov cez
linearny low density polyetylén (LLDPE),
hlavhe  vzhfadom na  hrubku  filmu
a spracovatelnost. Bolo vyvinutych niekolko
novych technoldgii [3, 4] a nové polyolefiny
katalyzované tzv. metalocénmi, katalyzatormi
S riadenou  geometriou (constrained
geometry catalysts CGC), alebo
jednostrannymi katalyzatormi [5, 6].

Noveé LDPEs mali relativne nedostatky v oblasti
spracovania, homogenity mikrostruktary a cho-
vania sa taveniny, pretoZe v skutoCnosti to su
zmesi frakcii polyetylénov so Sirokym rozsahom
molekulovych hmotnosti a vetvenia. Dosiahnutie
prijatelnej distribucie komplexu komonomérov je
zakladnou poziadavkou na LLDPE polyméry.
Teplotné stupanie elu¢nej frakcionacie
(temperature rising elution fractionation
TREF) tychto kopolymérov odhaluje, Ze
kopolymér mébze dosiahnut dva alebo tri
rezimy pocCas distribucie komonoméru
(vysoku, strednu alebo velmi nizku hustotu)
[7]. Existencia heterogenity intermolekularne;j
distribucie short chain branching (SCB)
v tavenine polyolefinu komplikuje
kryStalizaCny proces a prechadza do
nehomogeénnej mikroStruktury spdsobenej
segregaciou komponentov.

Ako uz bolo skor dokazaneé, intra-chain
branch distribucia LLDPE bola zvyCajne
heterogénna [5, 6, 8]. Heterogenita vznika pri

pouziti  Ziegler-Nattovych  katalyzatorov,
ktorymi su zvyCajne TiCls alalebo TiCls
podporovane MgCl, a aktivované

aluminiumalkyl redukciou.

Druhym dolezitym nedostatkom vacsiny
tychto polymérov je nedostato¢na elasticita
taveniny. Boli snahy pripravit zmesi LLDPE s
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tradicnymi LCB LDPE, ktoré zvySuju
elasticitu taveniny a shear thinning [9, 10].
Prichod o-olefinovych kopolymérov
vyrobenych  pomocou vysoko  ucinnych
jednostrannych metalocénovych katalyzato-
rov spristupnili komercializaciu tychto LLDPE
sich prirodzenymi nedostatkami.
Technoldgie jednostrannej katalyzy zaviedli

uspesnu polymerizaciu dovtedy
nedosiahnutelnych polymérov: stereore-

gularnych polypropylénov (PP),
syndiotaktickych polystyrénov (PS),

etylén/styrén (ES) kopolymérov a blokovych
kopolymérov [11].

Niektoré z metalocénovych katalyzatorov
uréenych pre polymerizaciu polyolefinov sa
skladaju zo Vb skupiny prechodnych kovov
(Ti, Zr, Hf atd.) s boEnymi cyklopentadienyl

kruhovymi  Strukturami  aby poskytovali
priestorovo ruSsené (hindered) reakcné
miesto.

Vysledkom pouzitia jednostrannych metalo-
cénovych katalyzatorov je ovela homogénnejSia
distribucia komonomérov SO skoro
perfektnou regularitou a nizSia polydisperzita
[12-14]. NajzaujimavejSi priklad aplikacie
tejto technolégie (Down Chemical) zahffia
katalyticky prekurzor na baze kovu 4.
skupiny, napr. titanu, ktory moéze byt aktivny
ako Ti(lV) dialkyl alebo Ti(ll) dienovy
komplex [15]. Prekurzor je aktivny pre
polymerizaciu olefinov pomocou Lewisovych
kyslych katalyzatorov v kombinacii
s modifikovanym metylalumoxanom (MMAO)a
boranmi ako napr. tris-perfluorofenylboran (FAB).
Tato technoldégia bola vyvinuta k pouzitiu
tejto skupiny katalyzatorov pri vy$Sich
polymerizaCnych teplotach a na dosiahnutie
vySSej ucinnosti. Precizne vysledky ziskané
pouzitim tychto katalyzatorov su spojené
s polymerizacnym prostredim pocas
priemyselného vyuZitia.

Reolégia
Spracovatel'nost’ a LCB

Reologické chovanie sa polymérnych tavenin
zahffia tri  pojmy: viskozitu, elasticitu
a rozpad (fracture). Koeficient viskozity (n) je
mierou fahkosti toku taveniny, elasticita je
mierou ohybnosti polymérnej taveniny
indikovana napatim taveniny arozpad je
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spbsobeny prekroCenim limitného stupria
fyzikalneho napatia. Klasicka Newtonska
definicia viskozity je: viskozita = Smykoveé
napatie/Smykova rychlost, v zavislosti od
Casu ako jednoducha Hookovska odpoved
na elasticitu hmoty. Podmienkou Newtonskej
viskozity je, Ze je =zavisla od Smykovej
rychlosti, zvyC€ajne pri nizkych Smykovych
napatiach (Obr. 1).

Branched polymer

Linear palymer of low
degree of polymerisation

Tension

Shear

Lireer polymer of high
degree of polymerisation

Reduced viscosily

Reduced viscosily
. Viscosity —
T Viscosity at zero shear

00l
Reduced stress
Stress

Stress al which non-Newtonian
flow is apparent

1 - ) !
I 10 100

Reduced stress

Obr. 1. Odpoved tahu a Smyku polymérneho
toku vo vztahu redukovana viskozita verzus
redukované napatie (podla Cogswella).

Cogswellovda schéma (Obr. 1) ilustruje
vSeobecnu odpoved polymérnej taveniny
pocas toku, kde tavenina je najprv pretlacana
cez kapilaru pod Smykovym napatim
avysledny extrudat vykazuje elasticitu
a napatie taveniny. Ak Smykova rychlost
stupa v Newtonskom rezime, viskozita klesa
a odpovedou je tzv. shear thinning. Napatie
taveniny mdze klesat, zostat konStantné
alebo stupat, zavislé alebo nie na linearite
polyméru s vysokou alebo nizkou mdélovou
hmotnostou, alebo na vetveni polyméru.
Rozvetveny polymér je vynimoény v tom, ze
mbze suCasne zvySovat napatie taveniny
atiez vykazovat shear thinning. Cize,
molova hmotnost, typ a distribucia vetvenia
mbézu  celkovo  ovplyviiovat  reoldgiu
a spracovatelnost’ polyolefinov [11].
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Katalyza etylén/a-olefin kopolymérov
s vynutenou geometriou poskytuje oproti Z-N
katalyzatorom zlepSenu spracovatelnost vo
forme stability a hladkosti a odolnosti vo i
rozpadu taveniny [8].

ZvySené shear thinning v kombinacii so
zvySenym napatim taveniny (spojené s LCB)
je dosiahnuté pre tieto polyméry v zavislosti
od ich typu.

LCB budu tiez podporovat stabilitu extrudatu
(okrem iného aj nepritomnost nerovnosti
povrchu ,sharkskin® ainych  defektov
povrchu) prostrednictvom kratkych
relaxacnych ¢asov v tavenine poc€as extruzie.
Toto pomaha minimalizovat ,spatny tok®

taveniny, ktory je spojeny s obnovou
elastického napatia v protiprude.
DalSou poziadavkou pri pouziti

metalocénovych technoldgii je aby bolo
mozné riadit zmenu v citlivosti Smykovej
rychlosti a sile taveniny (melt strength) [16].

Chum a kol. [8] odporua pre dosiahnutie
zvy$eného shear thinning zvySenie obsahu
LCB, Cheng [16] ziskal podobnu zmenu
zvysenim MWD (molecular weight
distribution), priCom dosiahol stav, kde LDPE

mbéze byt mieSany s metalocénovymi
polyolefinmi  na  dosiahnutie  zvySenia
elasticity = taveniny.  Obidvaja  zhodne

uvadzaju délezitost’ uzkej distribucie molovej
hmotnosti metalocénovych polyolefinov.

Cahi [17] odporuca na zaklade
charakterizacie extensional viskozity
(pouzitim Rheotensu, Co je extensional
reometer na baze kapilarneho reometra), ze
lepSia spracovatelnost LCB mbze byt
dosiahnuta rozsirenim MWD. ZjednodusSene
povedané: shear thinning je samo osebe

silnym indikatorom pritomnosti LCB ale
neznamena absolutnu determinaciu ich
poctu a typov.

Relativny obsah LCB pri katalyze

polyolefinov s riadenou geometriou sa moze
priblizne ur&it pomocou *C NMR [17, 18]
alebo SEC [19], ale dbkladna kvantifikacia
LCB a identifikacia ich typov je problematicka
[20]. Tieto metddy su tym nepresnejsie, ¢im
je obsah LCB nizSi, pretoZe polyolefiny
vykazuju rozdielnu reoldégiu tavenin bez
ohlfadu na rozdiely v MWD ¢i skutoCnej
viskozite. Vega a kol. [21] navrhol spbsoby
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detekcie nizkych obsahov LCB pouzitim
nizko amplitidového oscilatora na meranie
Smykového toku. Napriek vSetkym snaham
o definiciu a typologiu LCB
v metalocénovych polyolefinoch je tato
problematika stale otvorenou otazkou.

Izotakticky PP (iPP) sa zmesoval s rdznymi
elastomérmi  (najCastejSie  EPDM) pre
dosiahnutie lepSej razovej pevnosti (impact
strength) pri nizkej teplote [22]. Kopolymeéry
etylén/1-oktén (EOC) so Sirokou distribuciou
molovej hmotnosti vyrobené metalocénovou
technolégiou boli komercializované
a produkty s obsahom okténu 20-40% hm.
su urCené ako nahrada za tradi¢né impact
modifikatory, ako je EPDM [23]. Literatura
uvadza, Zze Smykova citlivost tychto
polymérovn mbze byt kontrolovana na
pozadovanu uroven selektivnou
inkorporaciou LCB pri zachovani dobrych
fyzikalnych vlastnosti, uzkej distribucie
vetvenia kratkych retazcov a uzkej
distribucie moélovej hmotnosti [24].

Praca [25] je zamerana na hodnotenie
reologie kopolymérov etylén/oktén (EOC)
ziskanych  metalocénovou technologiou,
polypropylénu (PP), etylén-propylén-dien
kopolyméru (EPDM) aich zmesi. Stddium
reolégie zmesi ma velky vyznam pre ich

dalSie aplikacie aje délezitou
charakteristikou aj ztoho dbvodu, zZe
mechanické vlastnosti zmesi su silne

ovplyvnené ich deformacnou historiou.
Tokové vlastnosti Cistych polymérov a zmesi
EOC/PP a EPDM/PP boli stanovené pri
220°C na kuzefl-platniCka reometri pri uhlovej
frekvencii 0,01-100 rad/s. Na hodnotenie
nameranych hodndét bol pouzity Crossov
model. Vysoké Smykové rychlosti sa merali
na Instron kapilarnom reometri s rozsahom
Smykovych rychlosti 27-2700 s Vzorky
zmesi obsahovali 0; 5; 20; 50; 80 a 100%
elastoméru v PP.

Zo ziskanych vysledkov je zrejmé, ze
reologické chovanie sa zmesi EOC/PP
a EPDM/PP  pri  vysokych  Smykovych
rychlostiach je vefmi podobné. Je to spojené
s faktom, Ze pri vysokych Smykovych
rychlostiach maju vetvy EOC tendenciu sa
narovnavat (usporiadavat) ¢&im sa velmi
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priblizuje k reologickému chovaniu druhého
elastoméru (EPDM).

Pri nizkych frekvenciach vykazuju EOC/PP
zmesi rozdielne chovanie v rozsahu 0,01-0,1
rad/s. EOC vykazuje nizSiu viskozitu a ako
obsah EOC narasta viskozita zmesi klesa.
V rozsahu 0,1-100 rad/s je viskozita zmesi
EOC/PP v rozsahu viskozit Cistych
komponentov a stupa S narastajucim
obsahom EOC. Tieto zavislosti zavisia od
tvaru molekuly EOC, ktora nadobuda rbzne
konformacie v zavislosti od  rozsahu
Smykovej rychlosti.

Zistilo sa tiez, Ze na hodnotenie reologickych
vlastnosti EOC a EOC/PP zmesi pri nizkych
frekvenciach mdze byt pouzity Crossov
model, ktory ale nie je vhodny pre EPDM
a EPDM/PP systémy.

Polyetylény patria Kk najpouZivanejSej
skupine plastickych materialov v priemysle.
Maju vyhodu vtom, Ze sa daju lahko
charakterizovat vztahy medzi Struktdrou
a obsahom komonomérov [26]. Jednym
z najnovsich cClenov tejto skupiny polymérov
su ethylen-oktén kopolyméry, vyrabaneé
metalocénovou technologiou riadenej
katalyzy, ktoré vykazuju molekulovu Strukturu
s uzkou distribuciou molekulovej hmotnosti
a uniformitou v distribucii  komonomérov.
Smykova citlivost tychto kopolymérov méze
byt kontrolovana na pozadovanu uroven
prostrednictvom inkorporacie vetvenia dlhych
retazcov (LCB long chain branching) [27,
28]. Kopolyméry s viac ako 20% okténu su
vysokoelastické a vdaka chemickej
jednoduchosti  alahkej spracovatelnosti
md&zu byt pouzité do tuhych polyolefinovych
polymérov ako PP a PE a nasledne vyuzité
v automobilovom priemysle [29].

Aj ked uz bolo publikovanych vela prac
ohladom reoldgie metalocénovych
polymérov, Studia reoldgie zmesi zalozenych
na tychto polyméroch su limitované.
Reologické vlastnosti a morfologické
charakteristiky zmesi na baze HDPE a dvoch
rozdielnych komerénych typov EOC (EOC15

a EOC20) boli hodnotené vpraci M.
Guimaraesa a kol. [30]. Zmesi s obsahom 5-
80% EOC boli pripravené na
jednozavitovkovom extruderi Wortex pri
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teplote 230°C. Viskoelastické vlastnosti boli
hodnotené na reometri SR200 pouzitim
kuzZel-platnicka  geometrie  pri  190°C,
frekvenény rozsah bol 107-102 rad/s,
v dusikovej atmosfére. Morfoldgia zmesi bola
hodnotena pomocou SEM. Bolo zistené, ze
reologické vlastnosti HDPE/EOC zmesi su
vyznamne ovplyvnené podielom LCB
a molekulovou hmotnostou metalocénového
elastoméru. Systémy HDPE/EOC15 boli
viac pseudoplastické ako EOC20 systémy.
Obidva systémy prezentuju urcity stupen
homogenity v roztavenom stave a dobru
medzifazovu adhéziu, ktora prechadza do
urcitého stupna v tuhom stave aje preferovana
v produkcii inzinierskych materialov s dobrymi
mechanickymi vlastnostami. Napriek rozdielnym
reologickym vlastnostiam je morfolégia obidvoch
systémov velfmi podobna. Mala velkost
Castic dispergovanej fazy je jednym
z faktorov podporujucich dobrd kompatibilitu
tychto zmesi v tavenine alebo v tuhom stave.
Skupina polyolefinov zahffajuca polyetylény
kopolymerizované rozlicnymi typmi kopolymérov
(tzv. etylén-a-olefin  kopolyméry) je Siroka.
Pocletné aplikacie tychto polymérov sa postupne
zvySuju a vyskum je zamerany aj na oblast ich
aplikacii s konvenénymi polyolefinmi [31, 32].
Vplyv modifikacie PP pouzitim etylén-o-
olefin kopolymérov (EOC) na mieste ich
tradicného pouzitia pritahoval zvlastnu
pozornost [33, 34, 35]. Mnozstvo existujucich
prac bolo zameranych na hodnotenie zmesi
PP s EOC-oktén kopolymérmi a taktiez na
porovnavanie = EOC-oktén s EOC-butén
kopolymérmi. Okrem iného sa v literature
nasli rozpory tykajuce sa mieSatelnosti
tychto zmesi. Aj ked sa zda, Ze vo vacsine
pripadov su termodynamicky nemieSatefné,
bolo publikované, ze kopolyméry s vysokym
podielom buténu alebo hexénu su
mieSatelné s iPP v amorfnej oblasti [23, 36,
37] aze Ciastocna miesatelnost zmesi PP
s EOC mbze existovat pri nizkom obsahu
kopolyméru (pod 10%) [38]. Vzhladom na
nizku molekulovu hmotnost EOC je jednou
z moznych aplikacii ich vyuZitie ako impact
modifikatorov v nizkomolekulovom

polypropyléne.

V praci [39] je prezentované porovnanie
termo-reologickych vlastnosti, morfolégie
a mechanickych vlastnosti systémov
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obsahujucich nizkomolekulovy PP a dva
typy EOC na baze buténu a okténu.
Hodnotila sa tiez ich termodynamicka
mieSatefnost a kompatibilita. Zmesi (10-70%
EOC) boli pripravené pomocou
dvojzavitovkového extrudera ZSK-30
(Werner Pfleiderer) pri teplote 210°C. Na
stanovenie reologickych vlastnosti sa pouzil
stress reometer ViscoTech pri teplotach 170-
230°C. Z vysledkov vyplyva, Ze zmesi PP
s etylén-a-butén a etylén-o-oktén
kopolymérmi su nemieSatelné v tavenine
a v tuhom stave v celom rozsahu
koncentracii. Nizke medzifazové napatie
medzi fazami naznacuje dobri mechanicku
kompatibilitu, ¢o je tiez zrejme z vyrazného
zlepSenia huzevnatosti pri adicii EOC do PP
matrice. Nie su tam vyznamné rozdiely
v medzifazovom napati, preto je mozna
kompatibilita a fazova adhézia medzi butén
a oktén systémami. Morfolégia ma vyznamny
vplyv na mechanické vlastnosti. Prechod
z plastickych na vysokoelastické vlastnosti
bol pozorovany nad 50% obsahom EOC, ¢o
sa zhoduje s fazovou inverziou. Dodato¢na
extruzia (post-extrusion shearing) pri velmi
nizkom napati dramaticky zmenila
morfolégiu, Co malo za nasledok formovanie
predizenych fibril a sub-mikréonovych Castic.

V praci [35] boli hodnotené vilastnosti zmesi
PP/mEQOC pripravenych na jednozavitovkovom
extraderi s prispbésobenou zavitovkou. Obsah 1-
okténu v EOC bol 25% hm. a celkovy obsah
EOC v zmesi bol vrozsahu 1-30% hm.
Reologické vlastnosti zmesi boli hodnotené
na Rosand dual kapilarnom reometri
s priemerom kapilary 1mm a dizkou 16 mm,
pri teplotach 197, 217 a 237°C a Smykovych
rychlostiach ~ 300-4600 s'. Teoreticka
viskozita sa pocitala podfa Ferryho [40]
avypocCitané hodnoty sa  porovnavali
S nameranymi.

Viskozita obidvoch Cistych zloZiek ako aj ich

zmesi klesd so stupajucou Smykovou
rychlostou indikujuc pseudoplastické
chovanie pri teplote 197°C. Podobné

spravanie bolo zaznamenané pri teplotach
217 a 237°C. Viskozita EOC nad rozsahom
skumanych Smykovych rychlosti je vySSia
nez uPP alebo u jeho zmesi s EOC.
Smykova viskozita PP iba slabo stupa s 30%
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obsahom EOC. Z grafickych zavislosti
Smykového napatia verzus  Smykovej
rychlosti boli linearnou regresiou ziskané
hodnoty exponentu mocninového zakona (n)
a indexu K. Exponent n vykazuje minimalne
odchylky v zavislosti od zloZenia zmesi alebo
od teploty. Naopak index K, ktory ako je
zname je citlivy na teplotu, vykazuje velké
rozdiely v zavislosti na Smykovej rychlosti
ateplote. Hodnoty indexu K stupaju so
stupajucim obsahom EOC do 15% hm.
a potom pozvolna klesaju az do 30% hm.
obsahu EOC v zmesi. Zaroven index K klesa
so zvySujucou sa teplotou iZSi
hodnoty pre polyméry ipre zmesi boli
ziskané pri teplote 237°C. Podobné vysledky
pre exponent n pre dalSie zmesi PP/EOC
boli ziskané v praci D. Silvu [41] apre
polyolefin/kaucuk zmesi V praci
Choudaharyho [42]. Vplyv zloZenia zmesi na
aktivaCnu energiu nie je vyznamny.

Dobra zhoda sa ziskala porovnanim hodnét
experimentalnej a teoretickej viskozity pri
vSetkych  teplotach apre vSetky tri
konStantné Smykové rychlosti, kde obsah
EOC v zmesi bol pod 15% hm. Pri vySSom
obsahu EOC boli zaznamenané nepatrné
odchylky. Toto chovanie je zhodné hlavne
pre zmesi s nizkym obsahom EOC s jasnym
stupiom mieSatelnosti medzi PP a EOC
fazami. So zvySujucou koncentraciou
viskdznejSieho EOC nastava separacia faz
V Zmesi.

Linear low density PE (LLDPE) patri k vyznamnej
skupine komerénych polymérov, ktoré maju
rozdielnu molekulovd Strukturu a Siroky rozsah
spracovatel'skych vlastnosti, ktoré su
ovplyvnitefné hlavne kopolymerizaénym
procesom a predovSetkym typom katalyzacného
systému, ako aj typom, mnozstvom a distribuciou
short chain branches (SCB) ziskanych aplikaciou
komonoméru (napr. 1-buten, 1-hexen, 1-oktén)
do ina¢ linearneho polyméru [43].

V praci [44] sa skumal vplyv obsahu
komonomérov v sérii Siestich  typov
metalocénovych kopolymérov na baze

etylén-1-oktén (MLLDPE) s r6znou hustotou
a obsahom komonoméru, spolu s jednym
typom Ziegler kopolyméru na baze etylén-1-
oktén (zLLDPE), s podobnymi hustotnymi
charakteristikami a obsahom SCB ako jeden

Vlakna a textil (2-3) 2008 46

Review Article

z metalocénovych polymérov. Prvym cielom

prace bolo Studium vplyvu obsahu
komonoméru atypu katalyzatora na
Strukturne, termomechanické a reologické

charakteristiky polymérov. Druhym ciefom
bol vplyv tychto parametrov na termo-
oxidaCnu stabilitu poCas tavenia pri rdéznej
teplote ataktiez vyskum mechanizmu
oxidacie pomocou korelacie chemickych
a reologickych ~ zmien  poCas  tavenia
polyméru. Vzorky polymérov boli pripravené
v mixéri (Hampden-RAPRA torgue reometer)
pri konstantnych otackach (60 ot/min)
a réznych teplotach 220, 250, 270 a 290°C,
za Cas 10 minut. Boli stanovené tokove
charakteristiky vSetkych polymérov (pred
spracovanim) atiez Standardny nizko
Smykovy index toku (LMI low shear melt
index) a vysoko Smykovy index toku (HMI).
Polyméry s vysSim obsahom komonomeéru
viskozitu. Toto bolo potvrdené aj meraniami
na kapilarnom reometri vykonanymi pri
réznych  teplotach v Sirokom  rozsahu
Smykovych rychlosti, ¢o zahffia podmienky
extruzie. VS8etky vzorky polymérov vykazuju
shaer thinning pocCas toku, tj. Smykova
viskozita klesa so zvySujucou sa Smykovou
rychlostou. Polyméry sa deformuju pocas
Smykového ielongacného toku a taktiez
funkcie Smykovej ielongacnej viskozity su
ovplyviiované molekulovou architekturou, to
znamena, ze suU viac citlivé na Strukturne
zmeny v polyméroch, hlavne na distribuciu
molovej hmotnosti (MWD) a stupen vetvenia
(SCB). Bolo zistené, Ze obsah komonoméru
ma velky vplyv na vlastnosti polymérov a ich
spracovatelské charakteristiky. Polyméry
s vysokym obsahom komonoméru vykazovali
vy8Siu  Smykovu viskozitu podporovanu
nizkymi hodnotami HMI (high shear melt
index).

Spravanie sa metalocénového linearneho
nizko-hustotného polyetylénu (m-LLDPE)
v zmesi s metalocénovym vysoko-hustotnym
PE (m-HDPE) asLDPE bolo Studované
v dynamickom i ustalenom stave pomocou
paralelného platnickového reometra pri 160,
180 a 200°C [32].
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Metalocénové polyetylény, ako m-HDPE
alebo m-LLDPE, ktoré obsahuju malé
mnozstvo LCB vykazuju reologické rysy pri
dynamickej viskozite, relaxathom Case,
elastickom module, aktivaCnej energii toku
a pevnosti taveniny. Na zaklade vplyvu
teploty na dynamicku viskozitu, relaxaciu
nulovej Smykovej viskozity a skutoCnej
(vnutornej) viskozity, ako aj rozdielu medzi
lokaciou pikov ,viskozita MWD* a GPC MWD
(gel permeation chromatography) boli
navrhnuté tri metddy na hodnotenie stupriov
LCB.

Na druhej strane, jednym z najdélezitejSich
vysledkov vyskumu v oblasti metalocénovych
polyolefinov v poslednych rokoch bol navrh
produkovat polyolefiny s bimodalnou MWD.
Material produkovany pri prevadzke dvoch
polymerizaCnych reaktorov za rozdielnych
podmienok v sérii, je polymérnou zmesou
dvoch ,frakcii“ s priemernymi molovymi
hmotnostami, ktoré sa vyznamne odliSuju.
Potencialne nebezpeCenstvo nehomogenit
vo vnutri materialu dokonca aj v pripade
identickej chemickej kompozicie obidvoch
frakcii mélovej hmotnosti, vysokej aj nizkej,
uz bolo zaznamenané [45]. Negativne efekty
nehomogénnosti  zahfhaju  problémy pri
spracovani ako je deformacia povrchu,
fraktura taveniny ako aj zhorSenie
mechanickych a  optickych  vlastnosti
produktov. Napriek tomu su polyolefinové
zmesi znaCne zaujimavé pre vyskum i pre
priemysel. Z toho dévodu je potrebné lepSie
pochopenie, popisanie a predikcia vlastnosti
tychto zmesi [46]. Av8ak, fyzikalne vlastnosti
komponentov su prili§ podobné, aby umoznili

detekciu fazovej separacie priamo
v tavenine, takze fazové chovanie mnohych
beznych binarnych zmesi, napr.
HDPE/LDPE, nie je eSte stale uplne
objasnené [47]. Reologia je dblezitou
pombckou v polymérnom vyskume pri

stanoveni molekulovej Struktury a fazového
spravania [48].

Nulova Smykova viskozita m-LLDPE/m-
HDPE zmesi velmi dobre koreSponduje
s pravidlom log-additivity pri  rozdielnej
teplote. Charakteristicky relaxaény c¢as
a frekvencia meni linearitu so stupajucou
frakciou m-HDPE. Tieto vysledky potvrdzuju
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Ze systém sa sklada z mieSatefnych zmesi.
Termalne  vlastnosti m-LLDPE/m-HDPE
zmesi su velmi podobné jedno
komponentnému systému. Zaroven, HDPE
vykazuje odliSné reologické chovanie, ¢im sa
predpoklada nizky stupenn LCB. Obidve
rozdielne metddy kalkulacie LCB to
potvrdzuju.

Naopak, zmesi m-LLDPE/LDPE vykazuju
pozitivnu odchylku od log-additivity pravidla,
ktora sa velmi dobre hodi k Utrackemu

rovnici pre nemieSatelné zmesi.
Charakteristicky relaxacny Cas a frekvencia
zaznamenali vyraznu zmenu s malym
obsahom LDPE V Zmesi. Autori

predpokladaju, Ze ide o nemieSatelné zmesi,
ktoré sa chovaju ako dobre stabilizovana
emulzia. Termické vlastnosti m-LLDPE/LDPE
zmesi su zhodné sich reologickymi
vlastnostami. Vysledky teda ukazuju, zZe
pridavok m-HDPE s mnozstvom LCB k m-
LLDPE poskytuje lepSiu spracovatelnost’ pri
vstrekovani, vakuovom formovani ako aj pri
priprave folii.

Reologické charakteristiky a mieSatelnost’ m-
LLDPE a LDPE uz boli viackrat publikované

[49-54], hlavne za ucCelom skumania
mieSatelnosti v tavenine. Yamaguchi a Abe

[49] usudili na zaklade Casovo-teplotnych
vysledkov, ze m-LLDPE alLDPE su
mieSatelné v tavenine pri vSetkych

zlozeniach zmesi. Tie isté zavery dosiahol
Kwag [54] pouzitim Cole Cole diagramov ako
kritéria mieSatelnosti. Pri tom istom ponimani
Xu akol. [50] predpokladal, Zze pozitivha
odchylka linearnej viskozity mo od pravidla
logaritmickej aditivity, v diagramoch np
verzus zloZenie zmesi, indikuje nemieSatelny
stav tavenin zmesi. Hussein [51-53] na
zaklade dynamicko vysokoelastickych
merani usudil, ze mieSatefnost zavisi na
obsahu SCB v m-LLDPE. Podla tychto
autorov, roztavené zmesi m-LLDPE/LDPE su
mieSatelné v pripade  obsahu 10-30
vetiev/1000C v LLDPE. Spektroskopické
a SANS studie potvrdili, Ze SCB hra délezitu
ulohu pri mieSatelnosti v roztavenom stave
[65-58].

Na druhej strane, vela publikacii referuje
o vyuziti reologickych merani v suvislosti
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s mieSatelnostou m-LLDPE/LDPE zmesi [54,
59, 60]

V praci [61] prispbsobili linearnu viskozitu

zmesi m-LLDPE/LDPE z dynamicko
viskoelastickych merani modelu volného
objemu  navrhnutému pre mieSatelné
systémy. Casovo-teplotnd metdéda bola
pouzita na overenie mieSatelnosti

a nemie8atelnosti jednotlivych zmesi. Vplyv
mieSatelnosti na reologické charakteristiky
bol stanoveny pomocou extruzie cez kapilaru

so zameranim na deformaciu povrchu
(tvorba ,sharkskin®).

Viskoelastické  vlastnosti sa  stanovili
pomocou reometra ARES s paralelnou

geometriou platniCiek s priemerom 25 mm,
frekvenénom rozsahu 102-10 Hz a pri teplote
130-190°C. Merania kapilarnej extrizie boli
stanovené na zariadeni Gottfert Rheograph
2002 reometry. Vzorky boli spracované ako
monofilamenty pouzitim ,homemade*
zvlakniovacej linky pri teplote 190°C.
Vysledky merania viskozity a Casovo-
teplotnej superpozicie potvrdili, Ze zmesi m-
LLDPE/LDPE, okrem zmesi 47,5%
mLLDPE/52,5% LDPE, boli mieSatelné
v roztavenom stave. Extrizna reometria indikuje
ze jadro-plast  morfolégia je  rozvinuta
v nemieSatefnych zmesiach, kde nizko hustotny
LDPE uzatvara m-LLDPE fazu. Technické limity
zapri¢inené nemieSatelnostou su zrejme pri
neschopnosti tohto  dvojfazového systému
k vstrekovaciemu procesu vyroby félii, pri
ktorom je pozadovana vysSSia homogenita
taveniny nez pri ostatnych spracovatelskych
metddach.

Vzhladom na ostatné praktické reologicke
charakteristiky zmesi s obsahom m-LLDPE,
najpozoruhodnejSim vysledkom je posun
sklonu k nerovnostiam povrchu tzv.
,sharkskin“ k vyS§Sim Smykovym rychlostiam,
pozorovany pri zmesi 87,5% mLLDPE/12,5%
LDPE.

Experimenty spracovania taveniny, ktoré
umoznuju stanovenie zdanlivej elongacnej
viskozity, ako aj napatia pri lome taveniny sa
ukazali ako vhodné techniky pre vyskum
nerovnosti povrchu tzv. ,sharkskin“. Na
zaklade nedavneho objaveného modelu
Miglera a kol. [105, 106] sa predpoklada, ze
oneskorenie tvorby sharkskin pozorované pri
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zmesi 87,5% m-LLDPE/12,5% LDPE je
mozno spbsobené zvySenim elongacnej
viskozity podporenej pritomnostou LCB.
AvSak tento vyhodny vplyv LCB molekul
nebol potvrdeny pri pokusoch vstrekovania
folii.

Reoldégia amorfolégia multifazovej zmesi
polymérov je silno ovplyvnena medzifazovymi
charakteristikami. Najvacsie usilie sa
v sti¢asnosti vynaklada na vyskum spravania sa
nemieSatelnych zmesi [62-65].

Znizenim medzifazového napatia v tychto
systémoch sa mbéze dosiahnut stabilnejSia
morfolégia s jemnejSou dispergovanou
fazou. Uznavanym spésobom je pouzitie
kompatibilizatorov, ¢im sa zvySi adhézia a
znizi medzifazové napatie. Je to mozné
dalSou adiciou blokovych kopolymérov do
systému, alebo in situ reakciou medzi
komponentmi zmesi [66-76].

V polymérnej  zmesi kompatibilizovanej
blokovym alebo plnenym kopolymérom je
gast kompatibilizatora ukotvena pozdiz
medzifazy achemické alebo fyzikalne
interakcie s komponentmi zmesi vytvaraju
hrubSiu  vrstvu medzifazy. V chemicky
kompatibilizovanych zmesiach su produktom
medzifazovych reakcii nové kopolyméry
s vySSou molekulovou hmotnostou nez
originalne  makromolekuly, ¢o  vedie
k zvySeniu viskozity zmesi [66, 67, 77-80].
Moan a kol. [81] zistil, ze tieto nové
kopolyméry indukuju pridavny relaxacny
mechanizmus ¢im dochadza k zvySeniu
pamatového (storage) modulu. Tento novy
relaxaény mechanizmus, potrebny pre
deformaciu  sférickych  €astic do ich
pbévodného tvaru, silno zavisi od mnozstva
a typu pouzitého blokového kopolyméru [82].
Niekolko modelov na popisania vplyvu
kompatibilizatorov na deformaciu
dispergovanej fazy bolo navrhnutych alebo
odvodenych z reologickych parametrov,
napr. komplexny Smykovy modul G*,
pamatovy (storage) modul G a stratovy

modul G [83-94]. NajpouzivanejSim je
Palierneho model [85], ktory znazornuje
reologicki odozvu réznych zmesnych

systémov [95-101].
Friedrich a kol. [102]
velkosti  Castic je

tvrdi, Ze distribuciu
mozné odvodit
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znameranych hodnét ak je zname
medzifazové napatie. Na druhej strane,
medzifazové napatie méze byt stanovené
z distribucie  velkosti Castic pouzitim
Palierneho modelu [95, 96].

Taktiez mikromechanické modely, napr.
Coranov a Patelov [103], ktoré vyjadruju
morfologiu, spolu s beznymi zmieSavacimi
pravidlami mézu byt pouzité k popisu
ziskanych reologickych odoziev [104].

Morfologia a reoldgia nemieSatelnych zmesi
polytrimetylén tereftalatu (PTT) s m-LLDPE
s roznym obsahom kompatibilizatora bola
skumana a teoreticky analyzovana v praci
S.H. Jafaru akol. [101]. Ako modifikator

adhézie nemieSatelnych polymérov bol
pouzity terpolymér na baze glycidyl
metakrylatu. Palierneho analyza spolu

s mikromechanickym Coranovym modelom
boli pouzité na dalSie analyzovanie
ziskanych dat.

Dve série PTT/m-LLDPE zmesi (75% PTT

a 25% PTT) s réznym obsahom
kompatibilizatora  boli pripravené  na
konickom dvojzavitovkovom extruderi

(DACA) pri teplote 230°C za ¢as 10 min.
Reologické vlastnosti sa stanovili pomocou
oscilatného reometra (ARES) s paralelnou
geometriou platniCiek (@ 25 mm) pri teplote
260°C. Morfolégia bola skumana pomocou
SEM.

Zo ziskanych vysledkov je zrejme, Ze velkost
Castic v systéme PTT75/mLLDPE25 klesa
priamo umerne s obsahom kompatibilizatora,
az do jeho 5% obsahu. Nad 5% obsahom
kompatibilizatora sa velkost Castic nemeni.
Je to spOsobené nasytenim medzifazy
kompatibilizatorom, €o ma za nasledok
redukciu jeho uc€innosti. Okrem toho,
komplexna viskozita tohto systému sa
zvySuje s narastom hladiny kompatibilizatora,
Co je spojené s interakciami terpolymeéru
s komponentmi zmesi. Morfolégia systému
PTT25/mLLDPE75 ukazuje na nasytenie

medzifazy uz pri 2,5% obsahu
kompatibilizatora. Reologické merania
poukazuju na  zvySenie reologickych

parametrov pri obsahu kompatibilizatora do
5% avyrazne poklesnu pri 10% obsahu
terpolyméru. Cize, pridavok kompatibilizatora
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zvySuje magnitudu pikov relaxacného Casu.
Coranov model sa ukazal ako vhodny
k popisu experimentalnych dat
a vyhodnoteniu dynamickych modulov, ¢o

bolo vysvetlené na zaklade interakcii
kompatibilizatora s komponentmi  naprie¢
medzifazou a vytvorenim typu fyzikalnej
medzimolekulovej siete sjej vlastnou
medzou napatia.

Polyolefiny polymerizované pouzitim
metalocénovych technolégii poskytuju

dolezité spracovatelské atributy spolu so
Sirokou Skalou aplikacii. V poslednom
desatroCi bol zaznamenany velky pokrok v

schopnosti navrhovat varianty nového
polyolefinu so zlepSenymi vlastnostami
a spracovatelnostou. Riadena distribucia

homogénneho vetvenia kratkych retazcov
a distribucia molovej hmotnosti polymérov
pre Specifické aplikacie je velmi
pozoruhodna. Pridana schopnost zavadzat
LCB do inac linearneho polyolefinu otvorila
Siroky rozsah moznosti ich dalSieho
spracovania. Ukazuje sa byt zrejme, ze LCB
v€lenené do linearnych kopolymérov zvysSuju
shear thinning a elasticitu taveniny, aj ked' to
nemusi platit pri  vSetkych  typoch
polyolefinov s LCB architekturou.
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SUHRNY DIPLOMOVYCH PRAC NA KATEDRE CHEMIE
A TECHNOLOGIE POLYMERNYCH MATERIALOV A TEXTILU,
FPT TNU SO SIiDLOM V PUCHOVE V RAMCI INZINIERSKEHO
STUDIA V SKOLSKOM ROKU 2007/2008

ABSTRACTS OF STUDENTS MASTER THESIS DEFENDED AT THE
DEPARTMENT OF TECHNOLOGY OF POLYMER MATERIALS AND
TEXTILE, FPT TNU A. D. IN PUCHOV
AFTER 5 YEAR’S GRADUATE STUDY IN 2007/2008

Marjena Babuljakova

Veduci DP: Ing. Sarka Ninisova, PhD.
Konzultant DP: Ing. Peter Deanko
Recenzent: Doc. Ing. Eugen Spirk, PhD.

METODY STUDIA ZMACANIA TUHYCH
POVRCHOV.

V tejto diplomovej praci boli hodnotené
a porovnavané metédy zmacania tuhych
povrchov ato metody normované
(vzlinavost, nasiakavost) a metody zatial
nenormovane, ale v praxi pouzivané (Cas
vsiaknutia kvapky, uhol rolovania a uhol
zmacania). Metody boli skusané na desiatich
textingch  vzorkach rézneho  zloZenia
avazby, za ucCelom zistenia optimalnych
parametrov na meranie uhla rolovania a ¢asu
vsiaknutia a korelacii medzi jednotlivymi
metddami. Z hodnét korelaénych koeficientov
bola zistena korelacia medzi jednotlivymi
metdédami okrem zavislosti uhol rolovania —
uhol zmacania pre nanotextiliu. Na zaklade
vyhodnotenia relativhych chyb bola pri Case
vsiaknutia navrhnuta optimalna velkost
kvapky 40 alebo 50 pul a pri uhle rolovania 60
ul a pocet merani 15.

STUDY OF THE METHODS FOR THE
WETTING OF SOLID SURFACES

In this thesis two various methods were
evaluated and compared and used for the
wetting of solid surfaces, namely standard
methods (capillary elevation, absorbability)
and methods until now not standardized but
applied in practice (penetration time, roll-off
angle and contact angle). Methods were
tested on ten textile samples with different
constitution and texture, with the view of
founding optimal parameters for
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measurement of roll-off angle, penetration
time and correlation between used methods.
From data’s correlation coefficients was
found strong correlations between specific
methods except relation between roll-off
angle and contact angle for nanostructured
sample. Based on the interpretation of
relative errors suggestions for optimal values
of some parameters were proposed: the size
of drop for roll-off angle measurement 60 pl
and the number of measurement was 15.

Maria Becaverova

Veduci DP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Jozef Rosa

Recenzent: Ing. Jan Starigazda, CSc.

STRUKTURA A VLASTNOSTI POLYESTERO-
VYCH VLAKIEN PRIPRAVENYCH ZDMT
A KYSELINY TEREFTALOVEJ.

Diplomova praca je zamerana na pripravu
a hodnotenie Struktury a zakladnych
uzitkovych vlastnosti  vysokomodulovych,
nizkozrazavych polyesterovych technickych
vlakien vyrobenych z rozdielnych vychodiskovych
surovin, zDMT  akyseliny tereftalovej,
kontinualnym zvlaknovaco-diZiacim
procesom. Hodnotenie PET technickych
vlakien bolo zamerané na fyzikalno-
mechanické vlastnosti (pevnost, taznost,
zrazanie) ana parametre nadmolekulovej

a morfologicke;j Struktury. Porovnanie
rozdielov vyhodnotenych vysledkov
vlastnosti a Struktury uvedenych vlakien

potvrdzuje, ze vlakna pripravené z kyseliny
tereftalovej predstavuju progresivny trend
Vv priprave technickych polyesterovych
vlakien.
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STRUCTURE AND PROPERTIES OF THE
PES FIBRES PREPARED FROM DMT AND
TEREPTHALIC ACID

The thesis has aimed to the preparation and
evaluation of structure and basic utility
characteristics of high modulus, low
shrinkage polyester technical fibers prepared
from different initial raw materials, from DMT
and terephthalic acid produced by
continuous spin-draw process. The valuation
of PET fibers was centered on physical-
mechanical properties (breaking tenacity,
elongation, shrinkage) and on
supramolecular and morphological structure
parameters. The comparison of the
differences in the evaluated structure and
utility characteristics of the fibers confirmed
that PET fibers prepared from terephthalic
acids represent the advanced movement in
polyester technical fiber.

Katarina Bukatova

Veduci DP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Jana Vnencakova, Ing.
Eleonéra Bencikova

Recenzent: Ing. Jarmila Balogova, Svit

HODNOTENIE STRUKTURY A VLASTNOSTI
VLAKNITYCH MATERIALOV NA BAZE
SYNTETICKYCH, MIKROBIALNYCH A BAMBU-
SOVYCH VLAKIEN.

Predlozena diplomova praca sa zaobera
hodnotenim Struktury a vlastnosti vlaknitych
materialov na baze syntetickych,
viskdzovych, mikrobialnych a bambusovych
vlakien. V experimentalnej Casti su uvedené

hodnotenia nekonecného dutého
polypropylénového vlakna, polylaktidovej
priadze, bambusovej priadze, viskozovej
priadze, monopletenin a pletenin

pripravenych zo zmesi uvedenych vlakien
z oblasti: fyziologickych vlastnosti, fyzikalno-

mechanickych vlastnosti, hygienicko-
ekologickych vlastnosti, morfologickej
a makromorfologickej Struktuary,
fyziologickych a uzitkovych vlastnosti

ponoZziek nosenim.

EVALUATION OF THE STRUCTURE AND
PROPERTIES OF THE FIBROUS MATERIALS
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BASED ON THE SYNTHETIC, VISCOSE,
MICROBIAL AND BAMBOO FIBERS

The thesis is focused on the evaluation of the
structure and properties of fibrous materials
based on synthetics, viscose, microbial and
bamboo fibers. In the experimental part are
mentioned assessments of the endless
hollow polypropylene fiber, polylactide yarn
and bamboo vyarn, too. Viscose vyarn,
monofabrics and knitted fabrics made from
mixture of the fibers from these areas:

physiological properties, physical and
mechanical properties, hygienical and
ecological properties, morphological and

macromorphological structure, physiological
and utility properties of socks by using.

Luba Horbanova

Veduci DP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Jarmila Balogova, Ing.
Eleonéra Bencikova

Recenzent: Ing. Jana Vnencakova

INTEGROVANE VLAKNITE MATERIALY NA
BAZE POLYPROPYLENOVYCH, MIKROBIAL-
NYCH A BAMBUSOVYCH VLAKIEN

Diplomova praca je zamerana na pripravu

a hodnotenie vlastnosti integrovanych
vlaknitych materialov na baze
polypropylénovych mikrobialnych

a bambusovych vlakien. Na vlaknitych
materialoch pripravenych vo forme pletenin

boli hodnotené geometrické, fyzikalno-
mechanické a fyziologické vlastnosti.
Pleteniny boli tiez pouzité na vyrobu

ponoziek, pri ktorych sa hodnotili fyzikalno-
mechanicke, fyziologické a uzitkove
vlastnosti nosenim. Praktickym vystupom je
porovnanie vztahu materialového zloZenia a
uzitkovych vlastnosti integrovanych textilii.

INTEGRATED FIBROUS MATERIALS BASED
ON POLYPROPYLENE, MICROBIAL AND
MAMBOO FIBERS.

The thesis deals with the preparation and
properties of integrated fibrous materials
based on polypropylene, microbial and
mamboo fibers. On fibrous materials
prepared in the form of knitted fabrics
geometric, physical-mechanical and
physiological properties were evaluated.
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These knitted fabrics were used for the
fabrication of socks, in which physical —
mechanical,  physiological and utility
properties by means of wearing test were
evaluated. Practical ascent is comparison of
relation between material composition and
utility properties of integrated textile fabrics.

Silvia Juroskova

Veduci DP: Ing. Petra Skalkova, PhD.
Konzultant DP: Ing. Zuzana Jakubikova
Recenzent: Ing. lveta Starniova, PhD.

PRIPRAVA ZMESI SYNTETICKY POLYMER/
POLYSACHARID A STUDIUM ICH VLAST-
NOSTI

Diplomova praca sa zaobera pripravou a Studiom
zmesi nizkohustotného polyetylénu a lauratu
xylanu Lenzing (LaCOLX) s DS=1,9 pri réznych
hmotnostnych pomeroch za abez pritomnosti
kompatibilizatora kopolyméru etylénu a kyseliny
akrylovej (EAA) v troch réznych hmotnostnych

pomeroch. Kompatibilita pripravenych zmesi
LDPE/LaCOLX sa hodnotila ATR
spektroskopiou a svetelnou mikroskopiou.

Testoval sa vplyv pritomnosti plniva LaCOLX
a kompatibilizatora na mechanické vlastnosti
(pevnost v tahu, taznost, Youngov modul)
zmesi. Pripravené zmesi LDPE/LaCOLX s 25
a 50 hm. % obsahom kompatibilizatora EAA sa
vyznacovali dobrymi mechanickymi vlastnostami.
Zvysujuce sa mnozstvo LaCOLX a pritomnost
kompatibilizatora pozitivne pésobi na termicku
stabilitu LDPE/LaCOLX zmesi.

PREPARATION OF THE SYNTHETIC
POLYMER/POLYSACCHARIDE  BLENDS
AND STUDY OF THEIR PROPERTIES

The thesis deals with blends preparation and
study of low density polyethylene and laurate
xylane Lenzing (IAcolx) with DS=1,9 in
different amounts with and without
compatibilizer poly (ethylene-co-acrylic) acid
copolymer (EAA) in three different amounts
of wt %. The compatibility of the prepared
LDPE/LaCOLX blends has been evaluated
using ATR spectroscopy and light
microscopy. The presence of filler LaCOLX
and the effect of compatibilizer have been
tested through the mechanical properties
(stress at break, strain at break, Young's
modulus) of blends. The prepared blends of

Vlékna a textil (2-3) 2008 55

News from Departments

LDPE/LaCOLX containing 25 wt. % and 50
wt. % of EAA showed the good mechanical
properties. Increasing amount of LaCOLX
and presence of compatibilizer had positive
effect on the thermal stability prepared
LDPE/LaCOLX blends.

Jana Kosutova

Veduci DP: Ing. Ludmila Balogova
Konzultant DP: Ing. Slavka Minikova
Recenzent: Ing. Jozef Sestak, CSc.
SLEDOVANIE VPLYVU KONSTRUKCIE
TEXTILIi DO INTERIEROV AUTOMOBILOV
NA ICH HORLAVOST V ZAVISLOSTI OD
POUZITEJ METODY.

V diplomovej praci sa sledoval
konstrukénych  parametrov
interierov. autobusov na ich horlavost
v zavislosti od pouZitej metddy. Na
vyhodnotenie vplyvu konStrukcie textilii
z hfadiska ich horfavosti sa pouZili tieto
parametre: druh vrchnej textilie, poCet vrstiev
viacvrstvovych textilii , ploSna hmotnost
a celkova hrubka textilii, resp. hrubka
jednotlivych vrstiev. Na stanovenie horfavosti
boli pouzité dve zakladné metddy hodnotenia
horlavosti:  horizontdlna  horlavost  pre
urCenie  vodorovnej rychlosti  horenia
skusobnych vzoriek a k posudeniu spravania
skusSobnych vzoriek pri horeni a vertikalna
horfavost na zistovanie lahkosti zapalenia
zvisle umiestnenych skuSobnych vzoriek.
Hodnotilo sa aj plnenie legislativnych

vplyv
textilii, do

poziadaviek kladenych na tento typ
materialov.
STUDY OF THE INFLUENCE OF

CONFORMATION OF TEXTILES TO CARS
INTERIOR ON ITS FLAMMABILITY DE-
PENDENT ON THE METHOD USED

In this thesis the influence of construction
parameters of bus interior textiles on its
flammability dependent on the method used
was researched. For the evaluation of textile
construction influence on its flammability
these parameters were used: the kind of
upper textile, number of layers in multi-layer
textile, weight and thickness of textile or
thickness of each layer respectively. To
ascertain the flammability two basic methods
were used horizontal flammability to measure
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speed of burning the test items and to
evaluate the action of the test items when
burning and vertical flammability to ascertain
the easiness of lighten up vertically put test
items. The fulfilment of legislation demands
on this kind of materials was also evaluated.

Eva Kozubova

Veduci DP: Doc. Ing. Iva Srokova, CSc.
Konzultant DP: RNDr. Viera Mazikova
Recenzent: RNDr. Anna Malovikova, PhD.,
CHU SAV

PRIPRAVA A STUDIUM ROZTOKOVYCH
VLASTNOSTiI AMIDOV CMS.

Diplomova praca sa zaobera pripravou
a Studiom roztokovych vlastnosti amidov
CMS. Derivaty sa pripravili amidaciou O-
(karboxymetyl) Skrobu s alkylaminmi (C6,
C10 a C12) v prostredi MeOH a DMSO, za
pritomnosti katalyzatora 4-DMAP, zmenou
reakénych podmienok (€asu, hmotnostného
pomeru) a pri laboratornej teplote.
Pripravené derivaty sa charakterizovali FT-IR
spektroskopiou.  Stanovili sa  funkcéné,
povrchovo-aktivne aroztokové vlastnosti
(povrchové napatie, kritickd micelarna
koncentracia, emulgacna, pracia a
antiredepozi¢na ucinnost, pritomnost’
hydrofébnych agregatov, kriticka agregacna
koncentracia).

Derivaty sa vyznacCovali relativne dobrou
pracou a antiredepozi¢nou ucinnostou.

PREPARATION AND STUDY OF THE
SOLUTION PROPERTIES OF THE ALKYL
AMIDES OF O- CARBOXYMETHYL
STARCH

The graduation thesis dedicates with the
preparation and study of properties of amids'
CMS solutions. Derivates were prepared by
amidation O-carboxymethyl of starch with
alkylamine (C6, C10 and C12) in MeOH and
DMSO by the presence of 4-DMAP as
catalyst and by changing of reaction
conditions (time, weight ratio) in a laboratory
temperature. Prepared derivates were
characterized by FT-IR spectroscopy and
elementary analysis. There were determined
functional, surface-active and properties of
solutions (surface tension, critical micelle

Vléakna a textil (2-3) 2008 56

News from Departments

concentration, emulsifying efficiency,
washing power, antiredepositive efficiency,
presence of hydrophobic aggregates, critical
aggregate concentration). Derivates showed
good washing power and antiredepositive
efficiency.

Jana Kurejova

Veduci DP: Doc. Ing. Iva Srokova, CSc.
Konzultant DP: Ing. Vladimira Tomanova
Recenzent: Ing. Zdena Hromadkova, PhD. —
CHU SAV

STUDIUM ROZTOKOVYCH VLASTNOSTI
POLYMERNYCH TENZIDOV Z POLY-
SACHARIDOV

Diplomova praca sa zaobera pripravou
esterov karboxymetylceluldzy (CMC)
transesterifikaciou repkového oleja s CMC za
ucinku mikrovinného Ziarenia. Pripravené
derivaty sa charakterizovali FT-IR
spektroskopiou. Hodnotili sa povrchovo-
aktivne vlastnosti (povrchové napatie,
kriticka micelarna koncentracia, emulgacna
ucinnost),  funkéné  vlastnosti  (pracia
a antiredepozi¢na ucinnost) a asociacné
vlastnosti.  Pripravené vodorozpustné
derivaty, maju vyborné emulgacné ucinky
porovnatefné s komerénym emulgatorom
Tween 20 a velmi dobrua praciu
a antiredepozi¢nou ucinnost. Merania
asociaCnych  vlastnosti  poukazuju na
existenciu  makromolekulovych interakcii
tychto derivatov, ktoré mozno v zriedenych
roztokoch pripisat intramolekulovym
asociaciam hydrofébnych substituentov.

STUDY OF THE SOLUTION PROPERTIES
OF THE POLYMERIC SURFACTANTS
FROM POLYSACCHARIDES

The thesis deals with the preparation esters
of carboxymethylcellulose (CMC) with rape
seed oil conditions using microwave
irradiation as heating source. The obtained
CMC esters were characterized by FT-IR
spectra. The surface-active (surface tension,
critical micelle concentration, emulsifying
efficiency) and functional properties (washing
power and antiredepositive efficiency) as well
as associate properties were estimated.
Prepared derivates were water-soluble,
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showed excellent emulsifying activity for
,,Oil/water” type emulsions comparable to
that of the commercial Tween 20 with
excellent washing power and
antiredepositive efficiency, too. The results
from associative measurement indicated the
existence of macromolecular interactions
ascribed to intramolecular associations of the
hydrophobic substituents.

Lenka Lackova

Veduci DP: Ing. G. Urban-Koc€arjan, CSc.
Konzultant DP: Doc. Ing. Anna Murarova,
PhD. — FCHPT STU, Bratislava
Ing. Martina BeneSova -
Puchov

Recenzent: Ing. Jan Kasper, VUTCH

EYBL, sr.o0,,

STUDIUM AANALYZA  FYZIOLOGICKYCH
VLASTNOSTI MATERIALOV V AUTOMOBILO-
VOM PRIEMYSLE SO ZAMERANIM NA
AUTOPOTAHY.

Diplomova praca je zamerana na hodnotenie
a analyzu fyziologickych vlastnosti
vrstvenych textilii pre vyrobu autopotahov
v automobilovom priemysle. Na vzorkach
réznej hrubky vrstvenych textilii Krepp
aVerona boli hodnotené fyziologické
parametre, makromorfologicka  Struktura
a tepelno-izolacné vlastnosti. Na zaklade
vysledkov laboratérnych merani mozno
konstatovat, Ze vrstvené materialy vyhovuju
poziadavkam pre aplikaciu v automobilovom
priemysle na vyrobu autopotahov.

STUDY AND ANALYSIS OF PHYSIOLOGICAL
PROPERTIES OF MATERIALS USED IN
AUTOMOTIVE INDUSTRY ORIENTED TO
SEAT COVERS.

The graduation thesis has aimed to the
valuation of the physiological properties and
analysis of the laminated textile used in
automotive industry for seat covers
production. On the stratified textile samples
of different thickness Krepp and Verona,
physiological parameters,
macromorphological structure and heat —
insulant facilities were evaluated. On the
laboratory measurements we can concluded,
that analysed stratified textile fabrics serve

Vlakna a textil (2-3) 2008 57

News from Departments

the purpose of application in automotive
industry intent on seat covers production.

Adela Leskova

Veduci DP: Ing. Gajane Urban-Kocarjan,
CSc.

Konzultant DP: Prof. Ing. Martin Jambrich,
DrSc.

Recenzent: Ing. E. JaniSova, ACCORD, a. s.
Trencin

STUDIUM A ANALYZA STRUKTURY
AVLASTNOSTI VLAKNITYCH MATERIALOV
PRE DAMSKE NOHAVICE.

Diplomova praca je zamerana na Studium
a analyzu vlastnosti vlaknitych materialov
pouzivanych pri vyrobe damskych nohavic
v klasickej konfekénej vyrobe. K dispozicii
boli dve vzorky materialov r6zneho zlozenia.
Na dvoch vzorkach bola hodnotena
makromorfologicka Struktura, mechanické
vlastnosti a rozmerova stabilita. Na zaklade
vysledkov skusSok a merani boli skuSané
materialy zhodnotené ako vyhovujuce pre
vyrobu damskych nohavic a boli navrhnuté
postupy pri ich spracovani na dosiahnutie
Ziadanych rozmerov.

THE STUDY AND ANALYSIS OF THE
STRUCTURE AND CHARACTERISTICS OF
FIBROUS MATERIALS FOR WOMEN'S
CLOTHING

This assignment is focused on the study and
analysis of the characteristics of fibrous
materials used for manufacturing classic
women’s wear. Available were two samples
of two different structures. The two samples
were assessed for: macromorphological
structure, mechanical characteristics and
accuracy to size stability. Based on results of
this experiment, tested materials were
assessed as suitable for the manufacture of
women’'s wear and procedures were
suggested for the achievement of desired
measurements.

Eva Mazariova

Veduci DP: Prof. Ing. Martin Jambrich, DrSc.
Konzultant DP: Ing. Martin Miklus
Recenzent: Ing. Jozef Hudak, PhD.
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PRIPRAVA, STRUKTURA A VLASTNOSTI
NETKANYCH MATERIALOV Z TEXTILNYCH
DRUHOTNYCH SUROVIN A PP VLAKIEN.

Diplomova praca bola zamerana na pripravu
netkanych textilii z PP a PES vlakien. Pre
pripravu netkanych textilii boli pouzité PP
vlakna ako prvotné aPES vlakna ako
druhotna surovina. Netkané textilie na baze
PP a PES vlakien a ich zmesi boli pripravené
v Mikultexe s.r.o. L. MikuldaS na pokusnej
linke. Pripravené netkané materialy — runa
boli troch typov: PP100 — zlozenie 100% PP
striz, PP/PES 80/20 — PP striz 80% a 20%
PES vlakien, PP/PES 60/40 — PP striz 60%
a40% PES vlakien. U pripravenych netkanych
materialov boli hodnotené fyzikalno-mechanické
vlastnosti a makromorfologicka Struktura.
Ziskané poznatky upriamuju pozornost na
pripravu netkanych materialov z druhotnych PES
surovin vyuzitefnych v technickych textiliach.

PREPARATION, STRUCTURE AND PROPER-
TIES OF THE NON-WOVEN TEXTILES FROM
SECONDARY TEXTILES AND PP FIBRES

This thesis was focused on the preparation
of non-woven textiles from PP and PES
fibores. To the preparation of non-woven
textiles, PP fibres were used as the primary
textiles and PES fibres as the secondary
textiles. Non-woven textiles based on PP and
PES fibres and their mixtures were prepared
on an experimental production line in
Mikultex, s.r.o., L. Mikuld$S. Three types of
non-woven materials were prepared: PP100
— 100% PP staple, PP/PES 80/20 — 80% PP
staple, 20% PES fibres, PP/PES 60/40 —
60% PP staple, 40% PES fibres. Physical-
mechanical properties and
macromorphological structure were
evaluated in prepared on non-woven
materials. Obtained results showed, that
non-woven materials can by also prepared
from secondary PES textiles and used in
technical textiles.

Petra Mikuskova

Veduci DP: Ing. Juzofef Hudak, PhD.
Konzultant DP: Ing. Peter Michlik, PhD.
Recenzent: Ing. Stefan Krivos, VUCHV Svit

STRUKTURA A VLASTNOSTI VLAKIEN NA
BAZE METALOCENOVYCH POLYOLEFINOV.
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Diplomova praca je zamerana na pripravu
vlakien z novej generacie polyolefinov -
z metalocenového polyméru. V praci su
uvedené postupy pripravy polypropylénovych
vlakien z Ziegler-Nattovych polymérov
a metalocenovych polymérov, hodnotenie ich
Struktury parametrov, termickych
charakteristik, fyzikalno-mechanickych
vlastnosti a popis metdd pri analyze vlakien.
Metalocenové (m-iPP) polyméry maju uzku
distribuciu molekulovych hmotnosti, velmi
nizky atakticky podiel, nizSiu hodnotu teploty
tavenia, teploty krysStalizacie, entalpie tavenia
aumozfuju dizitelnost na vy3si stupen.
Metalocenové polypropylénové polyméry tak
vytvaraju realny priestor pre pripravu vlakien
s vyS8Simi uzitkovymi vlastnostami urcenymi
najma pre technicky sektor.

STRUCTURE AND PROPERTIES OF THE
FIBRES FROM METALLOCENE POLYMERS
The purpose of this work is focused on the
preparation of fibres from the new generation
polyolefins — from metallocene polymers. In
the work there are presented the processes
of preparation of polypropylene fibres from
Ziegler-Natta polymers, metallocene
polymers, the evaluation of the structure
parameters, thermal characteristics,
mechanical properties and the description of
the experimental apparatus. Metallocene (m-
iPP) polymers have the narrow molecular
weight distribution, a very low content of
atactic share, lower melting temperature,
crystallisation temperature, melting enthalpy
and they allow draw the fibres at higher draw
ratios. Metallocene PP polymers create
areal area for preparation of fibres with
better utility properties for technical sphere.

Stanislava Uherkova

Veduci DP: Ing. G. Urban-Koc€arjan, CSc.
Konzultant DP: Ing. Jan Kasper, VUTCH,
Zilina, Ing. Martina Bene$ova
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STUDIUM  AANALYZA  MECHANICKYCH
VLASTNOSTI TECHNICKYCH MATERIALOV
APLIKOVANYCH NA AUTOPOTAHY.

Diplomova praca sa zaobera analyzou
a stanovenim odolnosti materialu proti tvorbe
zmolkov, stanovenim pevnosti a taznosti Sva
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a nite pouzitej VvV procese vyroby
autopotahov. Pripravené vzorky su
charakterizované jednoduchym chrbatovym
Svom a réznou hrubkou materialu (1 mm, 3
mm, 4,5 mm). Textilné vzorky materialov boli
skusané podla prislusnych noriem. Vzorky
textilnych materialov, Svov a niti pouzité pri
vyrobe autopotahu vykazovali vysoké
odolnosti  proti  Zmolkovaniu  a vysoké
pevnosti a taznosti.

THE STUDY AND ANALYSIS OF MECHANICAL
PROPERTIES OF TECHNICAL MATERIALS
APPLIED ON AUTO-SHEETS.
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The thesis deals with analysis and
determination of material resistance again
fall out fibers, strength and ductility of fin,
thread used in process of auto-sheets
production. Prepared samples  were
characterized by simple back fin and
thickness of material. Textile samples of
materials were tested according to the
corresponding norms. Samples of textile
materials, fins and threads used in
production of auto-sheets showed high
resistance against fall out fibers, high
strength and ductility.
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