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EFFECT OF CLOISITE ORGANOCLAY ON THE THERMAL
PROPERTIES AND ELASTIC MODULUS OF POLYPROPYLENE
NANOCOMPOSITE FIBRES

Marcin¢in A., Marcingin K., Hricova M., Hoferikova A.

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

In this paper the thermal properties of PP/organoclay composite fibres using DSC
analysis were investigated. In the heating-cooling-heating cycle, the effect of the Cloisite
15A and Cloisite 30B commercial organoclay on the melting and crystallization of the PP
composite fibres and PP composites was studied, and the structural parameters of PP such
as crystallinity, morphology and nucleation were estimated. The thermal parameters were
correlated with the elastic modulus of the PP/organoclay composite fibres.

1. Introduction

Polypropylene (PP) presents an attractive
combination of a low cost, a low specific weight
and an extraordinary versatility in terms of
properties [1]. In addition, when filled with
organoclay, there are improvements in its
mechanical properties [2, 3], thermal stability [4,
5], barrier properties and flame retardation [5].
The positive effect of organoclay on the
mechanical properties of polymer composite
results from a positive change in the
supermolecular structure, the reinforcing effect of
the solid nanoparticles and adhesion bonds at the
polymer — solid particle interphase [7, 8]. The
results presented in many papers show an
improvement in the tensile strength and elastic
modulus at a low concentration of solid particles
(pigments, nano-fillers) in the polymer [3, 7, 8].
An a priori positive effect of the solid modifiers
on the supermolecular structure of polymer is
expected in this case.

The effect of nano-clays on the supermolecular
structure and reinforcement of oriented polymers
such as films and fibres attracts extraordinary
interest. The thermal analysis of
polypropylene/organoclay nanocomposites
demonstrates the nucleating effect of
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nanoparticles on crystallisation from the melt and
an increase in the crystallinity of polypropylene
[9]. Depending on the nature of the solid particles
and additional modifiers, a high degree of
variability in the crystalline modifications of the
polypropylene and polypropylene fibres was
obtained [10-12]. The crystallisation of the
polypropylene clearly induced by the additives,
including solid particles, is suppressed in the
spinning because of the induced effect of the
orientation of the macromolecules in the
polypropylene melt [13]. In spite of these results,
the positive or negative effect of nano-fillers on
the supermolecular structure and mechanical
properties of fibres is evident [14-16].

In this paper the effect of the Cloisite 15A and
Cloisite 30B commercial organoclays on the
thermal properties and modulus of the elasticity
of polypropylene nano-composite fibres is
presented. The melting temperature (T,) and
melting enthalpy (AH,) as well as the
crystallisation temperature (T.) and enthalpy
(AH;) were evaluated using the DSC
measurement of the PP/Cloisite composite fibres
in the temperature regime: 1% heating — cooling —
2" heating. The results obtained are correlated
with the reinforcing effect of the nanofillers
expressed by the modulus of elasticity of both the
spun and drawn fibres.


mailto:anton.marcincin@stuba.sk
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2. Experimental

2.1 Polymers

Polypropylene TG 920 (PP TG), MFR=10.5
g/10min, Slovnaft Co, SK

Polypropylene HPF (PP HPF), MFR=9.0 g/10
min, Slovnaft Co, SK

Fillers:

Cloisite  15A  (C15A), montmorillonite
organically treated by
ditallowdimethylammonium salts and Cloisite
30B  (C30B), organically treated by

bis(hydroxyethyl)methyltallowalkyl ~ammonium
salts, both produced by Southern Clay Products
Co., USA

Compatibilisers:

Slovacid 44P (S44P), ester of polypropylene
glycol and stearic acid, product of Sasol Co.,
Tegopren 6875 (TEG), alkyl ester
polydimethylsiloxane, produced by Goldschmidt
GmbH, D

2.2 Preparation of the
polypropylene/organoclay nanocomposite
fibres

The classic masterbatch technology of the mass
pigmenting of polypropylene fibres was used for
the  preparation of the  PP/organoclay
nanocomposite fibres. The method consists of
two steps:

1. Preparation of the masterbatch of organoclay in
PP.

The powder PP HPF, organoclay and
compatibiliser were mixed in a high frequency
mixer for 6 min. The powder mixture was melted
and kneaded using a corotating twin screw
extruder ¢ 28 mm. The temperature of the
extruder zones were 80, 150, 220, 225, and
232°C. The temperature of the extrudated melt
was 229°C. The extrudated masterbatch was
cooled and cut, and chips were obtained. The
concentration of Cloisite in the PP HPF was 10
wt%. The content of the compatibiliser was 4
wt%.

2. Melt mixing of the fibre grade polypropylene
with the concentrate and spinning.

The mixture of the PP TG and PP/Cloisite
masterbatch chips was melted and spun using a
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laboratory spinning machine with a ¢ 30 mm
extruder and a spinneret with 40 orifices
(diameter ¢ 0.5 mm). The temperatures of the
extruder zones were 285, 285, 280, and 285°C.
The spinning temperature was 280°C. The
metering of the melt was 30 g/min and spinning
speed 360 m/min. The fineness of the spun fibres
was 840 dtex.

The fibres were drawn using a laboratory drawing
machine for a draw ratio of 1:3 at a drawing
temperature of 120°C. The total fineness of the
drawn fibres was 280 dtex. The individual
fineness of the fibres was 7 dtex.

2.3 Methods used

DSC measurement: The thermal characteristic of
the PP/organoclay nanocomposite fibres were
evaluated by a DSC 7 apparatus (Perkin Elmer)
using the following procedure. A sample of the
original fibres was heated at a rate of 10°C.min™
from 50°C to 280°C. Thus, a melting endotherm
of the original sample with a melting temperature
Tm and melting enthalpy AHn, was obtained.
Then, the sample was cooled at a rate of
10°C.min%, and the crystallization exotherm with
crystallization (peak) temperature T, and
crystallization enthalpy AH. was obtained.
Subsequently, the sample was exposed to a
second heating at a rate of 10°C.min™*, and the
endotherm with a melting point Ty, and enthalpy
AHp, was determined. A nitrogen atmosphere was
used in the measurements.

The values of AH, were calculated by the
following relation

AH,, = AH s (1- W) (1)

where w is the fraction of the filler.

The melting and crystallization enthalpies (AHn,
and AHc) were determined from the surface of the
endotherm or exotherm, between the two selected
temperatures. The melting and crystallization
temperatures (T, and T.) correspond with the
peaks on the DSC curve. All the values were
achieved by DSC 7 software.
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3. Results and discussion

The effect of the Cloisite nanoparticles on the
parameters of the supermolecular structure of
both the spun and drawn fibres is very important
for the assessment of the processing of the
polymer composite in spinning and drawing at a
conventional spinning speed. The inconvenient
supermolecular structure of the PP spun fibres

PP

0.02% C15A

PP
0.1% C15A

0.020% C15A
1.0 C15A

0.1% C15A 3.00 C15A

Heat FlowEndo Up [mW]
Heat FlowEndo Up [mW]

1.00 C15A

and the non-uniform distribution of the solid
particles can negatively affect the drawing
process and the mechanical properties of the
fibres. Figures 1 and 2 show the thermograms of
the spun (undrawn) and drawn PP/Cloisite
composite fibres in the temperature regime: 1%
heating — cooling — 2™ heating.

PP

0.02% C15A

Heat FlowEndo Up [ImW]

L.0% C15A

3.000 C15A

120 140 160 180 gp o0 70 T 120 140 160 180
Temperature [°C] Temperature [°C] Temperature [°C]
t H . nd .
1% heating cooling 2™ heating

Fig. 1 DSC thermograms of the PP/C15A nanocomposite undrawn fibres (draw ratio A=1)

without compatibilisers

PP

oL (15
PP 0.02% C15A

0.1% C15A

0.02% C15A
| L.0% C15A

Heat FlowEndo Up [mW]

0.1% C15A

Heat FlowEndo Up [mW]

1.0% C15A

PP

0.02% C15A

0.1% C1SA

Heat FlowEndo Up [InW]

1.0% C15A

120 140 160 180 80 100 120 o 120 140 160 180
Temperature [°C] Temperature [°C] Temperature [°C]
st H H nd :
1 heating cooling 2" heating

Fig. 2 DSC thermograms of the PP/C15A nanocomposite drawn fibres (draw ratio A=3)

without compatibilisers
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The differences between the thermograms in Fig.
1 and 2 were observed mainly for the 1% heating.
The simple melting endotherm of the spun fibres
with the melting temperature T,=161°C was split
for the same drawn fibres (Table 1) with melting
temperatures Tm=153°C and T.»=163-164°C
without the clear influence of the nano-filler
concentration in the PP matrix. Similar
endotherms were obtained for the PP/C15A and
PP/C30B composite fibres prepared using the
S44P compatibilisers (Fig. 3-4). The shape of
both the single and double endotherms as well as
the melting temperatures for the spun and drawn
fibres does not change in principle with the
concentration of the nanofiller up to 1.0 wt.% and
the presence of the compatibilisers. This means

Fibre-forming polymers

that the supermolecular structure of the composite
fibres for the lower concentration of nano-filler
(up to 1.0 wt.%) depends only on the spinning
and drawing conditions. The higher concentration
of Cloisite in the PP fibres (3.0 wt.%) affect the
supermolecular structure of the fibres, and the
double endotherm has the tendency to become a
single one (Fig. 3b, 4b and Table 1). The
difference between the peak temperatures of the
double endotherm for the low concentration of
the nano-filler in the PP/Cloisite 15A fibres Tmio—
Tmi1 was about 8.2°C and decreased down to
5.8°C and 3.5°C for the 3.0 wt.% of the nano-
filler with the S44P and TEG compatibiliser
respectively (Table 1).

Table 1 DSC analysis of the PP/Cloisite composite spun and drawn fibres. Evaluation of the melting

temperature Tp;, melting enthalpy AHm: (1% heating)

Composition Ngno_filler Spunhfllbres Drawn fibres
of fibres in fibre Tm1 [mp\N AHmi | T Thr Np11 hpiz  AHm
[%0] [°C] ] [Digl | [°C1 [°Cl1  [mW] [mW] [J/g]
PP TG - 1610 145 871 | 1551 1635 1.01 121 924
0.02 161.1 148 87.0 | 1551 163.1 0.99 116 923
PP/C15A 0.1 160.8 148 86.2 | 1551 163.0 1.03 120 934
1.0 161.3 148 875 | 1553 1640 111 115 931
3.0 161.3 143 834 - - - - -
0.02 160.5 1.39 838 | 1551 1633 1.03 119 925
0.1 161.3 147 864 | 1548 1631 103 119 926
PPICL5A/S44P 1.0 1616 145 857 | 1557 1635 1.03 118 921
3.0 161.1 137 824 | 156.8 162.6 1.09 112 894
0.02 1615 140 819 | 1546 1623 1.05 117 939
0.1 1606 146 852 | 1555 1641 088 1.68  90.8
PPICISAITEG 1.0 161.1 146 859 | 1555 1631 1.06 120 911
3.0 1615 147 87.0 | 1568 1603 1.13 118 92.1
0.02 161.0 144 86.0 | 1555 1640 1.10 1.27 1004
PP/C30B 0.1 161.0 148 855 | 1553 1638 1.05 151 1022
1.0 160.8 151 87.8 | 1551 1635 1.02 119 931
3.0 163.1 137 825 - - - - -
0.02 161.0 144 828 | 1535 1608 0.78 125 916
0.1 160.8 149 873 | 1544 1638 098 116  89.7
PPIC30B/S44P 1.0 160.6 141 84.6 | 1551 163.0 0.97 116  93.8
3.0 160.5 137 76.9 - - - - -
0.02 160.5 153 87.0 | 1548 1628 1.01 119 922
0.1 160.8 151 86.0 | 1546 163.0 093 119 939
PPC30B/TEG 1.0 161.0 147 882 | 1555 1635 1.06 118 928
3.0 161.0 146 80.8 - - - - -
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The melting enthalpy of the spun (undrawn)
fibres AHny at the 1% heating ranges were within
77-87 J.g™. In general, the melting enthalpy of
the spun (undrawn) PP/Cloisite 30B fibres
unambiguously exhibits lower values at the
higher content of the nanofiller 3.0 wt% (Table
1). The primary supermolecular structure of these
fibres was found to be inconvenient for the
drawing process. The positive effect of the S44P

PP
PP

0.02% C15A+S44P

0.1% C15A+S44P
0.1% C15A+544P

Heat FlowEndo Up [mW]

1.0% C15A+S44P

Heat FlowEndo Up [mW]

L0% C15SA+S44E,

3.0% C15A+S44P

3.000 C15A+544P
T

0.02% C15A+S44P,

Fibre-forming polymers

and TEG compatibiliser on the structure of the
spun fibres was indicated for the PP/Cloisite 15A
fibres. They were also drawn well with 3.0 wt%
of the nano-filler. The analysis of the ratio of the
heights of the peaks to the melting enthalpy
reveals a proportionality between these quantities
(Table 1). The higher the melting enthalpy, the
higher the heights of the peak.

PP

0.02% C15A+S44P

0.1% C15A+S44P

1.0% C15A+S44P

3.0% C15A+S44P

Heat FlowEndo Up [ImW]

160 180 120 140

Temperature [©C]

1* heating (undrawn fibres)

120 140

1* heating (drawn fibres)

160 180
Temperature [*C]

120 140
Temperature [°C]

cooling (drawn fibres)

80 100

Fig. 3 DSC thermograms of PP/C15A/S44P nanocomposite fibres

PP
PP

0.02% C30B+544P,

0.1% C30B+S44P,
0.1% C30B+S44P

Heat FlowEndo Up [mW]
Heat FlowEndo Up [mW]

1.0% C30B+544P

3.000 C30B+S44P, 1008 C30B3 544

0.02% C30B+S44P,

0.0200 C30B+S44P

0.1% C30B+S544P

1.0% C30B+544P

Heat FlowEndo Up [mW]

160 50 120 140
Temperature [°C]

1* heating (undrawn fibres)

120 140

1*" heating (drawn fibres)

160 180 30
Temperature [°C]

120 140
Temperature [“C]

cooling (drawn fibres)

100

Fig. 4 DSC thermograms of PP TG/C30B/S44P nanocomposite fibres
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Table 2 DSC analysis of the PP/Cloisite composite spun and drawn fibres. Evaluation of the
crystallization temperature T¢, crystallization enthalpy AHc (in the cooling regime after the 1% heating)

Composition Nanofiller Spun fibres Drawn fibres
of fibres in fibre T. Npc AH, T. Ppc AH,
[%] [°C] [mW] [J/g] [°C] [mW] [J/g]
PP TG - 108.4 3.99 93.5 109.3 4.70 93.3
0.02 110.3 3.56 95.6 110.3 3.36 94.9
0.1 109.4 3.68 94.9 109.3 4.01 94.7
PP/CI5A 1.0 114.1 3.24 96.7 113.6 3.51 97.1
3.0 114.8 3.19 93.3 - - -
0.02 109.3 3.71 92.7 108.9 4.00 93.7
0.1 108.8 3.73 94.2 109.3 3.77 94.8
PPICISA/S44P 1.0 113.3 3.08 97.9 1134 3.21 95.8
3.0 113.8 2.87 92.1 115.3 3.42 94.8
0.02 108.9 3.94 93.9 108.9 4.13 95.1
0.1 108.9 3.73 92.5 108.9 4.05 94.9
PPICISAITEG 1.0 112.8 2.99 96.5 113.8 3.32 97.6
3.0 1154 2.98 99.7 114.1 3.17 95.9
0.02 108.1 4.21 93.3 108.8 4.90 101.6
0.1 109.3 4.52 93.4 108.8 4.99 101.6
PP/C308B 1.0 109.6 3.57 95.8 109.9 3.26 95.0
3.0 112.8 3.38 92.5 - - -
0.02 108.3 4.39 91.2 108.3 4.43 95.7
0.1 108.3 4.48 94.6 108.9 4.57 94.1
PP/C30B/S44P 1.0 1111 3.16 92.5 112.1 3.15 97.3
3.0 111.3 2.90 86.6 - - -
0.02 107.9 4.32 94.4 108.8 4.41 95.6
0.1 109.9 4.49 94.8 108.6 3.83 94.6
PP/C30B/TEG 1.0 110.9 3.52 97.4 111.3 3.15 95.5
3.0 111.8 3.37 90.7 - - -
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Table 3 DSC analysis of the PP/Cloisite composite spun and drawn fibres. Evaluation of the melting
temperature Tmz, mMelting enthalpy AHm (2™ heating of samples after the 1% heating and cooling
regime)

Composition Nanofiller Spun fibres Drawn fibres
of fibres in fibre T2 hp2 AH T2 hp2 AHp,
[%0] [°C] [mW] [J/d] [°C] [mW] [J/g]
PP TG - 159.0 1.40 85.9 158.8 1.45 84.5
0.02 159.3 1.51 86.7 159.3 1.49 85.2
0.1 158.8 1.51 86.1 159.0 1.53 86.5
PPICISA 1.0 160.0 1.78 86.7 160.0 1.74 85.8
3.0 160.2 1.69 83.6 - - -
0.02 158.5 1.41 83.7 159.0 1.33 84.6
0.1 159.0 1.42 85.4 158.7 1.48 85.7
PPICISA/S44P 1.0 160.3 1.60 85.3 160.3 1.66 85.1
3.0 160.0 1.57 82.4 160.5 1.71 82.5
0.02 158.3 1.41 86.2 158.7 1.44 86.1
0.1 158.5 1.49 83.7 158.3 1.51 86.9
PPICISAITEG 1.0 159.7 1.64 85.8 159.8 1.69 86.8
3.0 160.7 1.85 87.5 159.5 1.82 84.1
0.02 158.5 1.40 85.5 159.2 1.43 92.6
0.1 158.8 1.46 84.9 158.5 1.48 92.1
PP/C308B 1.0 158.8 1.53 86.9 159.7 1.47 85.7
3.0 159.2 1.81 83.6 - - -
0.02 158.2 1.33 83.9 157.3 1.24 86.5
0.1 158.3 1.33 87.1 158.8 1.38 85.9
PP/C30B/S44P 1.0 159.2 1.60 83.4 160.0 1.61 87.2
3.0 159.0 1.40 76.9 - - -
0.02 158.0 1.34 86.0 159.0 1.35 87.5
0.1 158.7 1.50 85.5 158.5 1.39 85.6
PP/C30B/TEG 1.0 159.3 1.65 87.8 159.3 1.49 85.7
3.0 159.3 1.50 82.3 - - -

The Cloisite nano-fillers and supermolecular
structure of the PP/Cloisite spun fibres result in
the reinforcement of the fibres, as expressed by
the elastic modulus. The elastic modulus of the
PP/Cloisite 15A fibres increased gradually with
the concentration of the solid particles in the PP.
The higher values were found for the fibres with
the compatibiliser. The TEG compatibiliser
especially provided the highest elastic modulus of
the spun fibres containing 3.0 wt% of the nano-
filler (Table 4). The higher elastic modulus of the
fibres corresponds with the higher melting
enthalpy (crystallinity) of the fibre (Table 1). A
lower elastic modulus and lower melting enthalpy
were found for the PP/Cloisite 30B fibres, in

particular for the fibres containing 3.0 wt% of the
nano-filler. The relation between the elastic
modulus of the spun fibres is also confirmed for
the PP/Cloisite 30B composite fibres containing
up to 1.0 wt% of the nano-filler (Tables 1 and 4).
Additionally, the nano-filler and compatibiliser
positively affected the structural non-uniformity
of the spun fibres, expressed by the coefficient of
the variation of the elastic modulus. The non-
uniformity of the composite fibres is significantly
lower than that for the unmodified (standard) PP
fibres (Table 4).

Table 4 Elastic modulus E; of the PP/Cloisite composite spun and drawn fibres and its variation

Vlakna a textil 14 (3-4) 9-13 (2007)
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coefficient CV evaluated by dynamic-mechanical measurement

Composition N?:(f)ifll)lllzr Spun flbresCV Drawn ﬂbreév
H El El
of fibres [%] E; [N/dtex] %] E; [N/dtex] [%)]
PP TG - 0.80 3.9 4.88 0.9
0.02 0.82 2.0 4,71 1.0
0.1 0.85 1.3 4.65 1.9
PPICISA 1.0 0.85 1.3 4.61 2.8
3.0 0.89 1.9 - -
0.02 0.78 1.2 4.62 1.0
0.1 0.80 1.1 4.60 2.0
PPICISA/S44P 1.0 0.85 35 4.56 15
3.0 0.90 1.7 4.41 1.1
0.02 0.78 1.1 4.45 0.7
0.1 0.83 4.0 4.76 1.6
PPICISAITEG 1.0 0.87 2.0 4.45 1.9
3.0 0.92 1.4 3.90 2.6
0.02 0.80 2.6 4,78 0.7
0.1 0.80 2.7 4.79 0.3
PP/C30B 1.0 0.83 2.5 4,76 2.4
3.0 0.78 2.5 - -
0.02 0.77 2.6 4.13 0.8
0.1 0.75 1.6 4,76 11
PP/C30B/S44P 1.0 0.74 2.9 4.62 4.3
3.0 0.80 0.7 - -
0.02 0.79 2.0 4.70 2.6
0.1 0.84 1.5 4.83 1.6
PP/C30B/TEG 1.0 0.91 2.1 4.69 1.3
3.0 0.76 1.1 - -

The axial deformation and orientation of the
PP/Cloisite composite fibres in the drawing
process led to a significant increase of the elastic
modulus of the fibre and to an increase of the
melting enthalpy compared with the spun fibres.
The influence of the concentration of the nano-
filler and compatibiliser on the total melting
enthalpy of fibres is negligible, but the heights of
the lower temperature peak increase and the
higher one decreases with the increase of the
nano-filler concentration (Fig. 1-4, Table 1).
However, the elastic modulus of the drawn
PP/Cloisite composite fibres gradually decreases
with the concentration of nano-particles. Besides,
the structural non-uniformity of the drawn
composite fibres is higher than that for the
unmodified fibres (higher coefficient of the
variation).

Vl4kna a textil 14 (3-4) 10-13 (2007)

In any case, there is a correspondence between
the higher elastic modulus followed by the lower
non- uniformity of the PP/Cloisite spun fibres and
the lower elastic modulus followed by the higher
non-uniformity of the drawn composite fibres,
when compared with the virgin PP fibres (Table
1-4). We assume to optimize the drawing process
to obtain a more uniform supermolecular
structure and higher elastic modulus of the
PP/Cloisite composite fibres.

The difference in the supermolecular structure of
the PP nanocomposites formed in the spinning
process (spun — undrawn fibres), in the drawing
(drawn fibres) and in the DSC capsule upon
cooling 10°C/min lay in the induction of the
crystallization  process. In  spinning, the
crystallization is induced simultaneously by the
solid particles and slightly by the orientation of
the  macromolecules. In  drawing, the
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crystallization (re-crystallization) is strongly
influenced by the orientation of the segments of
the macromolecule chains (creating the fibrillar
structure of the fibres). In the cooling regime
(DSC), the crystallization is induced exclusively
by the solid particles, which act as nucleating
centers.

In order to obtain more detailed information
concerning the effect of the Cloisite nanofiller on
the supermolecular structure of the PP and PP
fibres, the basic parameters of the DSC analysis
were evaluated in the cooling regime (after the 1°
heating and melting of the PP/Cloisite fibres) and
in the second heating regime of the samples. The
results obtained are given in Fig. 1-4 and Tables 2
and 3.

In the cooling regime, the Cloisite 15A
nanoparticles act unambiguously as nucleating
agents and increase the crystallization
temperature T, for the spun and drawn fibres
(Fig. 1-3, Table 2). The original temperature T,
for the unmodified PP fibres 108-109°C for the
spun and drawn fibres increases gradually with
the nanofiller concentration up to 114-115°C for
the PP/Cloisite 15A composites and 112-113°C
for the PP/Cloisite 30B composites without the
unambiguous effect of the compatibilisers. The
crystallization enthalpy passes through the
maximum depending on the concentration of
nanofiller at 1.0 wt% and decreases for the
samples containing 3.0 wt.% of the solid
particles. The higher crystallisation enthalpy was
supported by TEG for both PP composites. The
heights of the exothermal peaks decrease
gradually with the concentration of the nanofiller
without any dependence on enthalpy. The effect
probably results from the non-uniformity of the
crystallization due to the size and distribution of
the nanoparticles and agglomerates in the
polymer. In any case, the crystallization exotherm
became wider and lower at the higher
concentration of the nanofiller.

From this point of view the crystallization of the
PP/Cloisite composite fibres in the cooling
regime was not clearly affected by the history of
the samples (spun, drawn fibres) but only by the
nature of the solid particles and compatibilisers. It
was shown that Cloisite 15A is a more sufficient
nucleating agent of PP crystallization when
compared with Cloisite 30B. In this case, the
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higher degree of disintegration of the Cloisite
nanoparticles increased their nucleating effect.
The difference in the melting temperature and
melting enthalpy between the samples of the spun
and drawn fibres disappears in the second
heating. The results in Table 3 reveal the same
values of the melting temperature T,=159°C and
the melting enthalpy AH,=85-87 J/g for the spun
and drawn fibres comparable with the same
quantities for the original spun fibres (Table 1).
The small orientation of the spun fibres slightly
shifts the melting temperature to a higher value. It
is interesting that the shapes of the endotherm and
exotherm are changed in dependence on the
concentration of the nanofiller. The heights in the
first heating of spun and drawn fibres are
proportional to the melting enthalpy, which
results in the same shape of the melting
endotherm. In the cooling regime the heights of
the exotherm peaks gradually decrease with the
increases of the nanofiller concentration in the
PP. To the contrary, in the second heating, the
heights of the peaks of the melting endotherm
gradually increase with the concentration of the
solid particles at the approximately constant
melting enthalpy. The results reveal that the solid
nanoparticles of Cloisite affect the fine
supermolecular structure of the PP and PP fibres
and size and morphology of the structural
elements, which affect the mechanical properties
such as the modulus.

The shapes of the endotherms of the second
heating are simple again, and they are more
similar than those for the spun fibres. The
difference consists in a narrower endotherm for
the higher concentration of Cloisite. These
phenomena are connected with the higher
structural uniformity of polypropylene obtained
in the cooling regime of the DSC apparatus
(10°C/min) than that obtained in the spinning line
at a take up of 400 m/min. The melting
temperature of PP in the second heating is lower
by about 159°C in comparison with the T, in the
first heating (161°C) (Fig. 1-4, Tables 1, 3).

4. Conclusions

The effect of the Cloisite 15A and Cloisite 30B
commercial organoclays on the thermal
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parameters of the PP/organoclay composites and

composite  fibres was investigated. The

parameters were correlated with the elastic
modulus of the PP composite fibres.

— The reinforcing effect of both organoclays for
spun-undrawn fibres expressed by the elastic
modulus gradually increase with the
concentration of organoclay in the matrix of
the PP fibres.

— The elastic modulus of the spun fibres passes
through the maximum within an organoclay
concentration of 0.1-1.0 wt% and is in
accordance with the change in the melting
enthalpy of the fibres.

— The reinforcing effect of both organoclays is
supported by the compatibilisers-dispersants
for the spun and drawn fibres.

— Both organoclays affect the supermolecular
structure of the PP fibres. They act as
nucleating agents and improve the structural
non-uniformity of the fibres.
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Vplyv organoilu Cloisite na termické vlastnosti a modul elesticity
polypropylénovych nanokompozitnych vilakien

Translation of abstract:
Effect of Cloisite organoclay on the thermal properties and elastic modulus of polypropylene
nanocomposite fibres

V tomto prispevku boli skimané termické vlastnosti PP/organoil kompozitnych vildkien pouzitim DSC
analyzy. Bol Studovany vplyv komeréného organoilu Cloisite 15A a Cloisite 30B na tavenie a
krystalizaciu PP kompozitnych vlakien a PP kompozitov v cykle ohrev-chladenie-ohrev. Zaroven boli
stanovené Struktarne parametre PP ako krystalinita, morfoldgia a nukleécia. Termické parametre boli
korelované s modulom elasticity PP/organoil kompozitnych vilakien.
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THE EFFECT OF NANO TiO, ON THE BARRIER PROPERTIES
AGAINST ULTRAVIOLET RADIATION IN POLYPROPYLENE
FIBRES

Dulikova M.}, Ujhelyiovéa A.}, Brejka 0.2, Strecké Z.!, Michlik P.2

YInstitute of Polymer Materials, Faculty of Chemical and Food Technology,
Slovak University of Technology in Bratislava, Radlinského 9, 812 37 Bratislava,
Slovak Republic, anna.ujhelyiova@stuba.sk

?Institute of Man-Made Fibrous Materials, Stirova 2, 059 21 Svit, Slovak Republic

The shielding effect against UV radiation of various types of nanoTiO, in polypropylene
fibres with and without dispersants was investigated. The unmodified and modified PP
fibres with the various types of nanoTiO, with and without dispersants were prepared.
The UPF of unmodified and modified PP fibres was estimated using a modified method
of the UPF evaluation of textile fabrics on the basis of measured transmittance through
the model sample. The thermal characteristics of the unmodified and modified PP fibres

were evaluated by DSC analysis, too.

1. Introduction

The improved properties of synthetic, mainly
polypropylene (PP), fibres are possible to ensure
by various modifications. Nowadays, a very
popular modification is the addition of
nanoparticles into the PP fibres, which causes an
improvement of their properties, such as the
tenacity, Young’s modulus [1, 2], sorptive
properties, and dyeability [9-11], as well as the
barrier properties against UV radiation [3-8, 12-
13]. The addition of different nanoadditives
(titanium dioxide TiO,, calcium carbonate
CaCO;s, Cloisites, zinc oxide ZnO, silicates, etc.)
into the PP fibres provides improved barrier
properties against UV radiation [6-8].

As a white pigment, TiO; is widely used for its
efficiency in scattering visible light, and
imparting whiteness, brightness, and high opacity
when incorporated into a plastic material. In some
cases, an organic treatment is deposited on the
surfaces of the TiO, particle to improve
compatibility, dispersability, workability or
durability. White pigments provide opacity by
scattering visible light; coloured pigments
provide opacity by absorbing light. This
scattering is possible because the white pigment
is able to bend light. As the light passes through
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or near the pigment particles, the light is refracted
and diffracted, or scattered. Titanium dioxide,
especially the rutile form, has such a superior
hiding power, which results from a comparison of
the refractive index of rutile TiO, to the refractive
indexes of anatase TiO, and other commercial
white pigments and polymer systems. In general,
the greater the difference between the pigment's
refractive index and that of the polymer matrix in
which it is dispersed the greater the scattering of
the light [4].

Well - dispersed nanoadditives - nanoTiO; - in
the polymer matrix can improve other properties
of these fibres related to the dispersion of the
nanoparticles using dispersants.  Therefore,
different dispersants are used for a better
dispersion of the nanoparticles in a polymer
matrix and provide, e.g., better barrier properties
of PP/nanoTiO, fibres at once.

The main reason for improving the barrier
properties of fibres is harmful sun radiation and
its dangerous effects on human skin, including an
increase in skin cancer. Suitable protection could
be provided by proper clothes. The qualitative
protection of clothes depends on the textiles
and/or fibres from which the clothes are made.
Reliable protection can only be achieved by
dense and thick textiles, which unfortunately are
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unsuitable for summer days. It is important that
the fibres of which the clothing consists should be
a barrier to UV radiation (UVR). Hence, the
fabric’s construction, its warp and weft threads,
and the thickness of the fabric are important
factors in the penetration of UVR through
textiles. The fibres developed against UVR
should enable the comfortable wearing of clothes
in the summer months and protect the skin
against the harmful effects of sun radiation, too.
Moreover, the factors which influence the
barrier properties of textiles can be divided into

chemical and physical parameters. From a
chemical point of view, the type of fibre, its
structure  (molecular, supermolecular), UV
absorbers,  dyestuff, etc., are important
parameters. Linear density, the porosity of the
textiles,  their  thickness and  different
nanoadditives belong among the physical

parameters. Moisture and colour as well as the
elasticity of the fabric are important factors, too.
The UPF is the rate of the evaluation of the
barrier properties of textiles or clothes. The
higher the UPF, the better protective properties
the textiles have. The UPF is the ratio of the
radiation which penetrates the skin without
textiles to the radiation which penetrates the skin
with textiles. The transmittance of textiles is
measured by a spectrophotometer, i.e., the IN
VITRO method [5].

Current papers have presented the improved
barrier properties using TiO, or nanoTiO;
additives [7, 8]. This paper observes the effect of
the various types and concentrations of nanoTiO,
in the presence of various dispersants on the
barrier properties of PP fibres against ultraviolet
radiation as measured by a spectrophotometer on
the simulated samples of fabrics.

2. Experimental

2.1 Materials

e Polypropylene TG 920 (PP), MFI = 10.5 g/10
min (Slovnaft Co.)

e Powdered Polypropylene TATREN HPF,
MFI =10 g/10 min (Slovnaft Co.)

e The characteristics of various types of the
nanoTiO, used are in Table 1

e Dispersants:
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e N-1010

e Licowax PP 230 - polypropylene wax, non
polar, softening point 163 °C, density at 23
°C = 0.89 g/cm’viscosity at 140°C = 1700
mPa.s (Clariant)

e Luwax A — low-density polyethylene wax,
melting point = 98 — 108°C, melt viscosity at
120°C = 950 — 1550 mm?/s, density at 23°C =
0.91 - 0.93 g/cm® (BASF)

e Ceridust 3620 — polyethylene wax, non
polar, drop point = 125°C, density at 23°C
0.97 g/cm?, particle size ~ 8.5 [dso (Um)],
13 [dgo (Um)]

l

2.2 Preparation of fibres
Preparation of the masterbatch and composite
fibres

The composite PP fibres modified by various
types of nanoTiO; with and without dispersants
were prepared in two steps:
a) Mixing the powder polymer components of the
masterbatch (MB) in a high speed mixer. The
powder mixtures were melted using a twin-screw
extruder (Werner Pfleiderer) $=28 mm at 225°C.
The extrudate was cooled and cut into blend
chips.
b) The composite PP fibres modified by various
types of nanoTiO, were prepared by the melt
spinning of the polymer mixture of PP and
masterbatches, using  laboratory  spinning
equipment with 2 x ¢ = 16 mm extruder. The
parameters of the spinning process were:
temperature 270°C and take up speed of 200
m.min™t. The nanoTiO, content in the composite
PP fibres is 0.05 and 0.6 wt. % without a
dispersant as well as with dispersants (1.5% N —
1010, 4% Licowax PP 230, 4% Luwax A and
Licowax PP 230 + 2% Ceridust). The undrawn
fibres were drawn using the laboratory drawing
equipment. The draw ratio was A = 3.0 at a
temperature of 110°C. The linear density of the
drawn multifilaments was T4 = 130 dtex x f40.

2.3 Methods used
Thermal properties of fibres

The thermal characteristics of the unmodified
and modified PP fibres were evaluated by a DSC
7 apparatus (Perkin Elmer) using the following
procedure. A sample of the original fibre was
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heated at a rate of 10 °C.min™* from 70°C to 220
°C. Thus, a melting endotherm of the original
sample with amelting temperatures T, and
melting enthalpy AH,, was obtained., A nitrogen
atmosphere was used in the measurements.
Barrier properties of fibres

The sample for the measurement of the
transmittance of the fibres was prepared as
follows: small frames with cuts were used; the
distances between the cuts were 0.75 mm. The
fibre was reeled on a frame; therefore, a fabric
was simulated. Then, a Libra S12
spectrophotometer was used for measurement of
the transmittance through the prepared sample.
The transmittance of one fibre was measured in
different positions of the frame in the
spectrophotometer  (different places of the
sample) and was reeled on the frame, seven
times.
The spectrum T (%) = f (A) was received by the
software and, consequently, the UPF factor was
evaluated.

3. Results and discussion

The barrier properties estimated by the UPF
factor were measured for PP fibres modified by
various types with different contents of nanoTiO,
in the presence of different dispersants. The
results obtained are shown in Figs. 1-3.

The UPF factor of the modified PP fibres with
the 0.05 as well as the 0.6 % wt. nanoadditives
without dispersant is higher than the PP fibre
(Figs. 1, 2). The increase of the nanoTiO; in the
modified PP fibre increases their UPF factor.
From the types of nanoTiO, used without
dispersants at a content of 0.6 % wt., the UV
Titan P-580 provided the greatest change in UPF
of these fibres. The effect of the various types of
nanoTiO, on the UPF of the modified PP fibres
decreases as follows: UV TITAN 580 >
Hombitec S-100 > UV TITAN P-160 > UV
TITAN X190.

The evaluation of the UPF factor for the PP
fibres modified by various types and contents of
nanoTiO, in the presence of different dispersants
was shown in the different effects of these
dispersants on barrier properties (Figs. 1-3).
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The UPF factors of the modified PP fibres with
0.05 % nanoTiO; in the presence of the N-1010
and Licowax P230 dispersants are higher than the
unmodified or modified PP fibres without a
dispersant (cca 10-15 %, Fig. 1). But the presence
of the Luwax A and (Licowax P230+Ceridust)
dispersants in thePP modified fibres does not
change or decrease their UPF factors in
comparison with the unmodified fibres.

The increase in the nanoTiO; content in the
modified PP fibres with all the dispersants used
except for the N-1010 dispersant does not affect
their UPF factors. The best barrier properties of
the modified PP fibres evaluated on the basis of
the UPF factor, which increased about 100 %,
were obtained with the use of 0.6 % nanoTiO, of
UV Titan X-190 and UV Titan P-170 with the
dispersant N-1010.

It is possible to assume, that the barrier
properties of fibres also depend on the
morphological  structure,  especially  their
crystalline phase. The thermal properties obtained
(melting and crystallisation temperatures and
melting and crystallisation enthalpies) of the
fibres estimated by the DSC 7 fy Perkin Elmer
are presented in Tables 2 and 3. If the unmodified
PP fibre created a thermogram with a single peak
with a melting temperature of stabile o-
modification, than all the modified PP fibres with
or without dispersants form a double peak with
melting temperatures of about 155 and 166°C.
These temperatures correspond with the creation
of the o-B-modification (155°C) and a-
modification (166°C) of PP [14, 15]. The
different modifications of the PP fibres does not
affect the melting temperature of the prepared
fibres, which is in essence uniform for all the
samples.

The presence of nanoTiO, as well as the
dispersants in the fibres observed decreases the
melting enthalpies of these fibres and changes
their crystallinity in comparison with the
unmodified PP fibres (Tables 2, 3). With a
nanoTiO, content of 0.05 wt. % in the modified
PP fibres the crystallisation behaviour of PP is
very influenced by the type of nanoTiO, as well
as the dispersant used. The UV TITAN P-580
decreases the melting enthalpy of the modified
PP fibres without dispersant the least; the
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Hombitec S-100 decreases it by about 3-4 %, but
the UV TITAN P-170 decreases it about 10 %.
The effect of dispersant in the presence of
nanoTiO, on the thermal behaviour is still
difficult to understand. Like the nucleation agents
of PP at its crystallisation in the modified PP
fibres in the presence of nanoTiO, all the used
dispersants act together with the UV TITAN P-
170 except for the Licowax PP 230 at the UV
TITAN P-580 and Hombitec S-100. The same
results were also obtained with the nanoTiO;
content of 0.6 wt. %. The thermal and
crystallisation behaviour is a very difficult
process in the preparation of fibres in the
presence of various types of nanoTiO, with as
well as without different dispersants. There is a
great deal of significance in the chemical
structure of dispersants and their affinity to the
nanoTiO, used, on which can depend the crystal’s
modification.

From a comparison of the UPF and melting
enthalpies of the fibres observed, it can be said
that the fibres which have higher melting
enthalpies have a higher UPF factor and vice-
versa. It can be expected that the higher content
of the crystalline phase better protects the
transition of UV radiation through fibre and/or
textile materials. Therefore, it is necessary when
preparing PP fibres with improved barrier
properties to use nanoadditives and/or dispersants
which would absorb the UV radiation as well as
decrease the crystallinity of the PP.

4. Conclusions

From the results presented of the evaluated
properties of the PP fibres modified by nano
TiO,, it can be concluded that:

1. A higher nanoTiO, concentration between
0.05 - 0.6 wt% increases the barrier
properties of modified PP fibres;

2. NanoTiO, UV Titan P-580 at a 0.6 % wt.
in PP fibres increases the barrier properties
the most;

3. The most significant synergistic effect of
nanoTiO, and dispersant on the barrier
properties of modified PP fibres was
obtained with the use of UV Titan P-170
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and UV Titan X-190 with the addition of
the N-1010 dispersant;

4. NanoTiO, as well as nanoTiO, and the
dispersant (all used) in the modified PP
fibres change their thermal behaviour upon
spinning (a decrease in their melting
enthalpy and the creation of crystal
modification).
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Fig. 3 UPF of unmodified and modified PP fibres with a different content of 0.05 and 0.6 wt. % of

nanoTiO, (UV TITAN P-580) and different dispersants 1 — without dispersant, 2 — N — 1010,

3 — Licowax PP 230, 4 — Luwax A, 5 — Licowax PP 230 + Ceridust
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Table 1 Types of dispersants used

Fibre-forming polymers

Hombitecs- | v TiTan | UV TITAN [T OVTITAN [T UV TITAN
100 P-160

Content of TiO, ~88 ~80 ~78 ~45 ~76
Anorganic surface | Al,Os3, ZrO, Al,O; Al,O3, SiO, SiO, Al,O3, SiO,,
modification Zr0,, Sh,0,
Organic modifier of | Stearic acid silicone silicone silicone *
surface
Size of particles [nm] 15 17 14 15 30
Specific surface [m?/g] 50 * 70 20 60-72
Shape  of  particle * stick stick * Oval
surface
Type of TiO, anatas rutil rutil rutil rutil

*NL.A. (not available)

Table 2 Thermal properties of unmodified and modified PP fibres with a content of 0.05 wt. %
nanoTiO, and with different dispersants (heating rate = 10°C/min)

Type of nanoTiO, Type of dispersant 1-8 %g”}
PP - 166.8 109.8
155.0
- 1655 108.4
154.8
[0) -
1.5% N - 1010 166.3 99.3
. 155.0
UV TITAN P-580 4% Licowax PP 230 167.0 110.2
154.8
0,
4% Luwax A 164.7 106.6
Licowax PP 230 + 2% 155.0
Ceridust 163.0 1065
155.8
- 166.7 106.3
155.8
0, -
1.5% N - 1010 165.8 103.2
. . 156.7
Hombitec S-100 4% Licowax PP 230 1673 103.6
155.5
0,
4% Luwax A 166.8 103.1
Licowax PP 230 + 2% 155.3
Ceridust 166.0 1014
- 161.7 99.2
155.6
0, -
1.5% N - 1010 165.0 106.2
. 158.4
UV TITAN P-170 4% Licowax PP 230 1605 101.8
4% Luwax A 161.7 96.6
Licowax PP 230 + 2% 155.1
Ceridust 165.0 103.5
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Table 3 Thermal properties of unmodified and modified PP fibres with a content of 0.6 wt. %
nanoTiO, and with different dispersants (heating rate = 10°C/min)

Type of nanoTiO, Type of dispersant :I,-’C“: %I;”{
PP - 166.8 109.8
R 156.4
167.2 105.8
1.5% N - 1010 155.0
166.3 109.2
UV TITAN P-5g0 | 4% Licowax PP 230 o 106.2
4% Luwax A 155.1
165.8 103.3
Licowax PP 230 + 2% 156.1
Ceridust 163.5 102.2
R 155.5
166.2 94.6
1.5% N - 1010 156.8
166.7 107.8
Hombitec S-100 4% Licowax PP 230 156.1
1015
166.0
4% Luwax A 165.3 93.0
Licowax PP 230 + 2% 155.6
Ceridust 167.3 106.4
- 161.0
1.5% N - 1010 154.8
162.7 106.2
4% Licowax PP 230 155.3 1031
UV TITAN X-190 164.5 '
4% Luwax A 154.8
164.7 1016
Licowax PP 230 + 2% 155.0 975
Ceridust 163.2 '
- 156.1
166.3 104.5
1.5% N - 1010 155.8
166.7 104.5
UV TITAN P-160 | 4% Licowax PP 230 o 102.9
4% Luwax A 156.1
166.2 101.1
Licowax PP 230 + 2% 155.9
Ceridust 164.7 109.2
1.5% N - 1010 155.8
164.8 101.9
4% Licowax PP 230 156.3 102.2
UV TITAN P-170 166.3 '
4% Luwax A 155.9
166.0 101.1
Licowax PP 230 + 2% 156.1
Ceridust 166.0 104.5
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Vplyv nano TiO, na bariérové vlastnosti polypropylénovych vlakien
proti UV Ziareniu

Translation of abstract :
The effect of nano TiO, on the barrier properties against ultraviolet radiation
in polypropylene fibres

Bol sledovany tieniaci efekt réznych typov aobsahu nanoTiO, v PP vladknach voc¢i UV Ziareniu
s pouzitim a bez pouZzitia dispergatorov s rozdielnym obsahom vo vlakne. Boli pripravené PP vlakna
50,05 a0,6 % hm. nanoTiO, as 0 — 4 % hm. disperatora. U vzoriek bol hodnoteny UPF na zaklade
merania prechodu UV Ziarenia cez modelové vzorky vlakien. TieZz boli hodnotené termické
charakteristiky aich vztah medzi UPF anadmolekulovou Struktirou vyjadrenou stupiom
krystalizacie.
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PREPARATION AND PROPERTIES OF
CARBOXYMETHYLSTARCH ESTER AND ITS BLENDS WITH
POLYETHYLENE

Mazikova V., Srokova 1.}, Moskova D.2, ,Sasinkova V.2,
Janigova 1.3, Csomorova K., Ebringerova A,

1 Trencin University of A. Dubcek, Faculty of Industrial Technologies, I. Krasku 491/30,
020 01 Puchov, Slovakia,
2 Slovak Academy of Sciences, Institute of Chemistry, Dibravska cesta 9, 845 38 Bratislava, Slovakia
3 Slovak Academy of Sciences, Polymer Institute, Dibravska cesta 9, 842 36 Bratislava, Slovakia

e-mail: mazikova@fpt.tnuni.sk

A water insoluble carboxymethylstarch ester with a higher degree of substitution was
prepared by esterification of carboxymethylstarch (CMS) with lauroylchloride in DMF /
pyridine and 4-dimethylaminopyridine as a catalyst. The newly prepared lauroylated
CMS (LaCMS) with DS, = 2.45 was characterised by FTIR spectroscopy and DSC
methods. The CMS esters exhibited a higher degree of thermal stability than the initial
material. The lauroylated CMS was subsequently mixed at various proportions (from 1-
50wt% ) with a low density of polyethylene (LDPE) in the "Brabender* device, and
blends were prepared. The blends were characterized by ATR spectroscopy. The
mechanical properties and degradation of the blends were tested. The blends showed
comparable mechanical properties to the LDPE with a LaCMS content of 10wt%. The
biodegradation rate is very slow - the blend with the 50 wt% LaCMS achieved the

greatest weight loss of 1.67%.

1. Introduction

During the last year, many research activities
have been focused on the development of non-
food applications of polymers from raw
materials.

The most interesting material from agroresources
is starch. Starch is inexpensive, totally
biodegradable, avaible in large quantities from
certain crops and is produced in greater quantities
than the current market demand [1-3].

Research dealing with the use of starch for the
preparation of new materials can be classified
into three types: first, as a filler in blends with
synthetic polymers [4]; a second approach is to
mix extruded thermoplastic starch with a partly
hydrophobic polymer [5], and the third approach
uses it as an original thermoplastic polymer [6].
Starch can be used as afiller in blends with
synthetic polymers. However, due to the
hydrophilic nature of starch, blends with
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hydrophobic plastics have poor mechanical
properties due to poor interfacial adhesion [7].
One way to increase the compatibility of starch in
PE blends is the use of a compatibiliser
containing groups capable of hydrogen bonding
with starch hydroxyls [8]. The disadvantage of
those blends is the lower biodegradation rate of
compounds applied as a compatibilizer e.g., poly
(ethylene-co-acrylic acid) [9, 10].

The last consideration leads us to the
development of new starch-based materials. This
modified starch is expected to exhibit an
increased hydrophobic character due to the
incorporation of the ester groups by increasing
the compactibility of the modified CMS with
LDPE and, as aconsequence, the mechanical
properties that are the opposite of the blends with
starch.

The conventional hydrophobization IS
esterification with higher fatty acids chloride or
esters. The esterification to the higher DS leads to

22


mailto:mazikova@fpt.tnuni.sk

Textilna chémia

thermoplastic and hydrophobic materials [11, 12-
15].

In this paper LDPE/ LaCMS blends were
prepared, and their thermomechanical properties,
morphology and biodegradibility were tested.

2. Experimental

2.1 Materials

The O-(carboxymethyl) starch (CMS) with
DS=0.3 used in the study was a gift from Prof.
Th. Heinze, Friedrich- Schiller University (Jena,
Germany).

N,N-dimethylformamide (DMF), Pyridine, 4-
Dimethylaminopyridine (4 DMAP) and
Lauroylchloride (LaCOCI) were commercial
products from Sigma-Aldrich Chemical Co.
(Steinheim, Germany).

The low density polyethylene ( LDPE RA 2-19)
was of industrial grade purity from Slovnaft
(Bratislava, Slovakia).

2.2 Synthesis of lauroylated
carboxymethylstarch

The modification of hemicelluloses with
various acyl chlorides, as described by Fang [16],
was applied for the esterification of the CMS.

The 0.3 mol CMS swelled in DMF for 2h under
stirring at an ambient temperature. The reaction
was started by the addition of pyridine and 0.15
mol of lauroyl chloride dissolved in DMF and 4-
DMAP as a catalyst. The reaction proceeded for a
5 h at 70°C. The reaction product was
precipitated into ethanol and was kept over night
at a laboratory temperature. After that it was
filtered and purified with acetone in Soxhlet
apparatus for 8 h.

The mass LaCMS after drying was 1.67g
acquired from 1g CMS. The resulting ester was
obtained as a pale paste, which solidified to form
a brittle thermoplastic material.

2.3 Melt blending

The LaCMS was melt blended with LDPE in
a Plasticorder PLE 331 (Brabender, Ge).
Prior to mixing, the polymers were dried in
a vacuum oven by heating at 90°C for 24h.
The mixing was performed at 170°C, at a full-
load speed of 35 cm™. The torque was 6-11 Nm.
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The polymer blends were prepared on a Fontune-
Holand press at 140°C and
40 kN for 2 min.

2.4 FTIR and ATR measurement

The FT-IR spectra in the KBr pellets of the
LaCMS and initial CMS were obtained on the
NICOLET Magna 750 spectrometer with a DTGS
detector and OMNIC 3.2.software using 128
scans at a resolution of 4 cm™.

An ATR (Attenuated Total Reflectance)
accessory with a ZnSe crystal was used for
measurement of the blends.

2.5 Thermal analysis

The thermal transition of the LaCMS ester was
studied using differential scanning calorimetry
(DSC) on a Mettler Toledo DSC 821°. The
temperature was increased from —30 to 350°C, at
a heating rate of 10°C/min, in a nitrogen
atmosphere.

2.6 Mechanical properties

The mechanical properties were obtained on an
Instron 4301 instrument according to the STN
ISO 527 method, at a 50 mm/min crosshead
speed. The elongation at break and Young's
modulus were evaluated.

2.7 Weight Loss Percent (WLP)

The degradation of the prepared polymer
samples (3x3cm) during soil burial for 8 weeks
was also followed. The LDPE/LaCMS blends
were tested using microorganisms in activated
compost containing straw, gypsum and composed
manure at a percentage of 1 : 11 : 81. The
samples were in the form of thin films, which
were prepared by hot pressing. Before and after
preparation they were dried in a vacuum. After
the first, third, fifth and eighth weeks, they were
weighed to measure the weight loss of the starch.
The morphology of the samples before and after
testing was obtained on a stereomagnifier with 7
up to 50 multiple extensions.
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3. Result and discussion

The new hydrophobized CMS ester (LaCMS)

with DS, =2.45 was prepared by classical
esterification of the CMS and characterized by
FTIR spectroscopy.
The FTIR spectral data of the initial and
hydrophobized CMS are shown in Fig. 1. The
initial CMS contains a carboxymethyl group,
which are partially protonated (-COOH), giving a
very weak v(CO) band at 1735 cm™ and a strong
band of the carboxylate form (-COQO") at 1596
and 1415 cm™. Significant differences in the
bands’ intensity were observed at 1742 cm™,
which can be attributed to the v(CO) vibrations of
the ester groups and bands at 2854 or 2925 cm™,
which are attributed to the stretching deformation
of the methyl/methylene groups, respectively.
The strong band at 3380 cm™ (hydroxyl groups)
of the CMS decreases after the esterification
reaction due to the ester bond formation [17].

From the DSC measurements (Fig.2) it is

evident that LaCMS with DS, = 2.45 is an
amorphous material, with Ty = 51°C. The
determined value of Ty is in accordance with the
T, values for higher hydrophobized derivatives of
starch [11, 15]. Thermogram CMS exhibited
gelatinization of endotherm at 119 °C.
Higher hydrophobized CMS was used in the
preparation of the LDPE blends with various
contents of LaCMS ( 0-50wt%); the LDPE/
LaCMS samples were prepared by press, and
their thermomechanical properties were tested.

The ATR spectra in Fig. 3 confirmed the
presence of LaCMS in the prepared blends
showing absorbtion bands of the C-O-C group
between 1028-1151 cm™, which correspond to
the polysaccharide backbone and CO vibration
band of the ester group at 1739 cm™.

In general, the mechanical properties are
dependent on such factors as filler volume, the
filler particle’s size and shape, and the degree of
adhesion of the filler to the polymer matrix [18].
It should be noted, however, that the elongation at
break mainly depends on the interfacial adhesion.
However, blends with various contents of
LaCMS shown in Fig 4 retained acceptable
elongation properties for the LDPE/LaCMS
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blends up to 10 wt%. When the content of
LaCMS in blends is over 25 wt%, the elongation
at break rapidly decreased. This is a rather usual
phenomenon observed in incompatible polymer
blends.

The modulus also supports the explanation that
the stiffer LaCMS caused a decline of the
mechanical properties. As shown in Fig 5,
increasing the contents of lauroylated CMS
reduced the modulus. This result is due to the
stiffening effect of the starch granules [19]. The
stiffening effect of starch compared to the semi-
crystalline LDPE is higher as a consequence of
the presence of hydrogen bonding in the starch
[20].

In our blends the weight loss is significant only
in the blend with 50% wt% LaCMS (Fig.7).
Nevertheless, only 1.67% of the whole mass was
consumed.

The results obtained from the degradation of the
PE/starch blends suggested that the microbes
consumed the starch and created pores in the
materials, increased the surface area of the PE
matrix and created susceptible groups for its
biodegradation [20-22].

The photographs of the films shown in Fig. 6
demonstrated that the degradation of the starch
particles in the samples with a content of LaCMS
5wt% is very low.

5. Conclusion

Lauroylated O-carboxymethylstarch with a
high degree of esterification (2.45) was prepared,
blended with LDPE, and tested. These blends
exhibited interesting thermomechanical behavior
and a higher elongation at break compared to the
LDPE.

LDPE/ LaCMS blends prepared with contents of
LaCMS 1-10 wt% showed comparable
mechanical properties to the LDPE as well as the
LDPE/ starch blends.

In general, the blends exhibited slightly higher
degradation compared to the LDPE.

Acknowledgements: This work was realized with the
support of the Slovak Grant Agency VEGA, project
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and Technology, project APVT-51-015802.
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a./ b./

Fig. 6 Picture analysis of the LDPE/5 wt% LaCMS films in a soil burial test (8 weeks) before and after
the test

weight loss (%)

time (week)

Fig. 7 Weight loss of LDPE/LaCMS (50/50) blends during the soil burial

Vlakna a textil 14 (3-4) 27-27 (2007) 27



ZoSlacht'ovanie

Textile Finishing

ENZYMATIC SCOURING OF COTTON KNITTED FABRICS WITH
ACID PECTINASE, CELLULASE AND LACASE

Jordanov I., Mangovska B.

Faculty of Technology and Metallurgy, Sts. Cyril & Methodius University, R.Boskovic 16,
1000 Skopje, Macedonia
e-mail: jordanov@tmf.ukim.edu.mk

A new acid pectinase for industrial application was introduced in enzymatic scouring.
The working parameters were obtained through weight loss and water absorbency tests.
Seed-coat fragments and Berger whiteness were also measured. Enzymatic scouring with
BioPrep 3000L alkaline pectinase and alkaline scouring were also done for comparison.
The percentage of seed-coat fragments increased after wet processing. Fabrics scoured
with acid pectinase have a lower number of seed-coat fragments than those scoured with
alkaline pectinase. For successful removal of seed-coat fragments, the cellulase (Cellusoft
L and Denimax BT) for reduction and lacase (DeniLite 11) enzymes for discoloration of
seed-coat fragments were introduced in combination with NS 29048 acid pectinase.
Knitted fabrics treated with a mixture of Denimax BT and NS 29048 have the lowest
number of seed-coat fragments without serious destruction. DeniLite Il did not discolor

seed-coat fragments.

Keywords: Pectinase, Cellulase, Lacase, Cotton, Enzymatic scouring.

1. Introduction

The cotton fiber is a single biological cell, the
upper end of which tapers to a point, whilst the
lower end is open where it has been removed
from the seed by a gin. Cotton fibers are
structurally differentiated into concentric zones
and a hollow central core known as the lumen.
The outermost layer is known as the cuticle, and
it is a noncellulosic thin film. Beneath this there
is a primary wall, composed mainly of cellulose,
in which the fibrils are arranged in a criss-cross
pattern. Further towards the centre there is a
secondary wall composed of cellulose, which
constitutes the bulk of the fiber. It is
differentiated into three discernible zones [1].

Raw cotton contains, in addition to cellulose,
the usual constituents of a vegetable cell. These
are oil and wax, pectoses and pectins, proteins
and similarly related nitrogen components,
organic acids, mineral and natural coloring
matter. These noncellulosic components create a
physical hydrophobic barrier on the surface of the
fibers (cuticle), which protects the fiber from the
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environment throughout development, and they
provide lubricating effects during mechanical
textile processing. The cuticle gives a soft touch
to the fiber and reduces the friction forces during
spinning. This is why cotton is submitted to
mechanical processes as are spinning and very
often knitting and weaving as raw cotton [2, 3].
After spinning, seed-coat fragments are present in
the yarns. They gave an undesirable look to
knitted and woven goods.

The common industrial removal of the
impurities mentioned above is conventionally
carried out by treating the yarn or fabric with a
sodium hydroxide solution in the presence of
chelating agents and surfactants at a boiling
temperature for one to two hours. More precisely,
the scouring process is based on the reaction
between the cotton noncellulosic substances and
sodium hydroxide. These working conditions
soaponify or emulsify the waxes and fats, turn
pectin into a soluble sodium pectat, proteins into
soluble sodium salts of different amino acids,
solubilize the ash and dissolve hemicelluloses
with a low DP [4]. During the scouring process
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the intra and intermolecular hydrogen bridges of
the cellulose are cleaved, and the polar hydroxyl
groups of the polysaccharides are solvated and
the fiber swells; this facilitates transport of the
impurities from the interior of the fiber to the
outside. The swelling process helps to loosen the
attachment of the seed-coat fragments from the
yarns, knitted goods or fabrics and thus
eliminates some of them. It also softens and
preconditions some of the seed-coat fragment
materials entrapped in the yarns. In fact, the
diluted alkali swells the seed-coat fragment
material and opens up the cell structure to access
the hydrogen peroxide in the bleaching that takes
place later, thus discoloring them.

Although alkaline scouring is effective and
the cost of sodium hydroxide is low, the process
is costly, because it consumes large quantities of
energy, water, and auxiliary agents. The potential
for environmental contamination and depletion of
natural resources is also serious. The strict pH
and temperature requirements for alkaline
scouring are damaging to cotton; cellulose is
susceptible to oxidation damage, which might
result in a lower DP and higher strength loss [5].

Several attempts have been made to replace
conventional alkaline scouring with enzymatic
systems that work under milder conditions. The
enzymes used are biological catalysts usually
derived from a fungal or bacterial source, which
primarily functions by prompting the hydrolysis
of specific substrates, a process by which water-
insoluble material is converted to water soluble
products and washed away. These materials, wax,
pectin substances, and proteins all exist in an
amorphous state, and they are combined together
with the primary cellulose wall, accounting for
only a very small percentage of the cotton fiber’s
weight. There are also micro pores or cracks
existing on the cotton surface, which allow
enzymes to get closer to the substrates. Thus, the
cotton surface is much more easily hydrolyzed
enzymatically than the fiber’s main body [6].

lan Hardin and Younghua Li introduced
cellulase, pectinase, lipase and protease and their
mixtures as scouring agents. Pectinases appear to
be the most suitable enzymes for this purpose;
they break pectin down to low molecular water
soluble oligomers and thereby improve the
absorbency of the textile material, without
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causing cellulose destruction [7]. Pectinases in
combination with cellulases give better scouring
results than only pectinases, but with damage to
the cellulose [8]. Added mechanical agitation and
a properly selected surfactant help scouring with
enzymes [6]. Nonionic surfactants are compatible
with pectinase enzymes and scouring.

Michelle Hartzell-Lawson and her coworkers
also introduced cellulases, pectinases, lipases and
proteases as enzymes in scouring processes. They
concluded that 2 x 2 pretreatment in boiling water
opens the surface of the cotton, enlarged cracks
and micro pores and positively affected
enzymatic scouring with pectinases. The most
useful are combinations of pectinases and
cellulases, but with increased damage to cellulose
[9]. They also studied different types of
mechanical agitation as ways to improve scouring
efficiency [10]. Proteases were also studied in
cotton scouring. Four out of ten are suitable for
bioscouring [11]. The 2 x 2 pretreatment in
boiling water also increased the efficiency of
enzymatic scouring with the selected proteases
also [12].

All the investigations mentioned above are
made with enzymes for laboratory use, and the
treatment time is much longer. Emilia Csisar and
her coworkers demonstrated that cellulase
enzymatic treatment prior to the alkaline scouring
enhanced the degradation of the seed-coat
fragments and significantly increased whiteness
[13]. The seed-coat fragments came from
spinning the blowroom waste, a combined waste
produced during the mechanical step of cotton
purification. Blowroom waste consists of the
stalks, leaves and seed-coat fragments of cotton.
Cellulase treatment prior to alkaline scouring also
allowed for the reduction of hydrogen-peroxide
consumption in the following bleaching step [14].
Further, for degradation of the seed-coat
fragments, several commercial cellulase and
xylanase enzymes were studied in the
biotreatment process. Surface fibrils, small fibers,
seed-coat fragments and water extractable
materials were degraded, and with the increase of
the concentration of enzymes and agitation, the
decomposition of the cellulose components in the
cotton’s primary wall began [15].

Other researchers have also worked on
replacing the traditional method with enzymatic
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scouring [16-22]. They concluded that pectinases
are the most useful for enzymatic scouring
without cellulose destruction.

Over the last several years a new enzyme
preparate appeared on the enzyme market. The
new alkaline pectinase BioPrep 3000L has been
isolated by Novozymes researchers. They noticed
that BioPrep 3000L is an enzyme preparate for
successful removal of pectin from the cotton’s
surface, with a lower degree of weight loss,
processing time, temperature, effluent pollution
and satisfactory wettability [23].

In our previous research work, the optimal
parameters of scouring with the BioPrep 3000L
alkaline pectinase were determined [24]. Alkaline
scouring could be replaced by enzymatic scouring
with BioPrep 3000L. Knitted fabrics made of
enzyme-scoured yarns as well as knitted fabrics,
terry cloth for towels and woven fabrics which
were enzyme scoured had better quality
parameters than those of alkaline [25-28]. One of
the main disadvantages of scouring with alkaline
pectinase is the lower degree of whiteness than
alkaline scouring and the presence of seed-coat
fragments on the fabric’s surface.

The new NS 29048 enzyme acid pectinase for
industrial enzymatic scouring was recently
isolated by Novozymes. In this work we have
tried to introduce scouring with NS 29048 acid
pectinase and to compare the effectiveness of it
with BioPrep 3000L and with alkaline scouring
on a number of seed-coat fragments. For that
purpose we used knitted fabrics made of carded
cotton yarn because they had a larger number of
seed-coat fragments, neps and non-seed
impurities. In our research work we also tried to
reduce the number of seed-coat fragments with
several combinations of NS 29048 acid pectinase
with different classes of cellulases or to discolor
them with lacases.

2. Experimental

2.1 Material

The substrate used in this study was a knitted
fabric made of plyed ring-carded cotton yarn with
a linear density of 50 tex. NS 29048 (acid
pectinase), Bio Prep 3000L (alkaline pectinase),
Cellusoft L (acid cellulase), Denimax BT (neutral
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cellulase) and DeniL.ite Il (lacase) enzymes were
supplied by Novozymes Denmark.

2.2 Methods

All the experiments were performed in an
Ahiba Turbomat TM-6 with an agitation speed of
700 rpm during the treatment. Determination of
the scouring parameters of NS 29048, such as the
concentration of enzymes, the pH, the scouring
time and concentration of EDTA were done on
the knitted fabric at 45 °C, with a liquid ratio of
50:1 in the presence of 1 g/dm® Kemonecer NI
nonionic surfactant as a wetting agent.

The enzymatic scouring with BioPrep 3000L
was carried out with 0.666 g enzymes/kg
material, pH 9 (NasPO, — Merck-Germany), and
1 g/dm® Kemonecer NI (KEMO-Croatia) at 55 °C
for 30 min. After that 0.4 g/dm*® EDTA (Merck-
Germany) was added; the temperature rose to 90
OC for 15 min to stop the enzymes’ activity, and
the knitted goods were rinsed at 90 °C for 10
min, at 70 °C for 10 min and once with cold
distilled water.

Conventional alkaline scouring was carried
out with 3.2 g/dm® NaOH, 1 g/dm*® Kemonecer
NI and 2 g/dm® Cotoblanc HTD-N (CHT-
Germany) as a washing agent at 100 °C for 60
min. The knitted goods were rinsed twice at 90
OC for 10 min and several times with cold water
to complete the neutralization.

An attempt was made to reduce the seed-coat
fragments by:

1. One bioscouring bath with NS 29048 and
Cellusoft L. It was carried out with 0.625 ¢
enzymes NS 29048/kg material, 1 g/dm®
Kemonecer NI, pH 4,5 (acetate buffer) at 45 °C,
0.3 and 0.5 % Cellusoft L for 30 min and 0.8
g/dm® EDTA added at the end of the process.

2. One two-stage bioscouring bath with NS
29048 and Cellusoft L was carried out:
bioscouring with 0.625 g enzymes NS 29048/kg
material and 1 g/dm® Kemonecer NI, pH 4 at 45
OC for 30 min. After that, the pH was adjusted to
4.5, 0.5 % Cellusoft L was added; the treatment
was prolonged for 30 min; and after that, 0.8
g/dm*® EDTA was added.

3. A double bath bioscouring with NS 29048
and Cellusoft L was carried out: in the first bath
bioscouring with 0.625 g enzymes NS 29048/kg
material and 1 g/dm*® Kemonecer NI, pH 4, at 45
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°C for 30 min followed by rinsing. In the second
bath 0.5 % Cellusoft L was added, and the
process was carried out at pH 4.5 for 30 min.
After that 0.8 g/dm*® EDTA was added.

4. One two-stage bioscouring bath with NS
29048 and Denimax BT was carried out:
bioscouring with 0.625 g enzymes NS 29048/kg
material and 1 g/dm*® Kemonecer NI, pH 4, at 45
OC for 30 min, adjusting the pH to 7 and adding
1.2 % Denimax BT. The treatment was prolonged
for 30 min, and 0.8 g/dm® EDTA was added at
the end of process.

5. A double bioscouring bath with NS 29048
and DeniLite 11 was carried out: bioscouring with
0.625 g enzymes NS 29048/kg material and 1
g/dm*® Kemonecer NI,pH 4 at 45 °C for 30 min
followed by rinsing. In the second bath 9 %
DeniLite Il was added, and the process was
carried out at pH 6.5 at 55 °C for 30 min. After
that, 0.8 g/dm® EDTA was added.

After all the treatments, the temperature of the
bath rose to 90 °C for 15 min to stop the
enzymes’ activity. After that, the knitted goods
were rinsed at 90 °C for 10 min, at 70 °C for 10
min, and once with cold distilled water.

2.3 Testing methods

After the different treatments the following
parameters were tested:

The weight losses (W) of the knitted fabrics
were inspected after the different treatments. The
amount of weight losses were calculated
according to equation 1:

W, = %-mo (%) (1)

1
where:
W, — the weight loss, %;
W; — the weight of the absolutely dry knitted
fabrics before the treatments, g;
W, — the weight of the absolutely dry knitted
fabrics after the treatments, g.

Water absorbency: drop test. The dried
samples were tested using AATCC 39-1980
(evaluation of wettability) [29]. The time period
(in s) between the contact of a water drop with
the fabric and the disappearance of the water drop
into the fabric was counted as the wetting time.
The time of the drop’s disappearance was the
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average of ten measurements at different
points of the fabric samples. When the time of the
drop’s disappearance is below 5 s, the fabrics
have adequate water absorbency. A more rigorous
standard is the time of the drop’s disappearance
below 1s.

The concentration of Ca*? ions in the scouring
bath was measured by a VARIAN MODEL
SPECTRA 55 atomic absorption
spectrophotometer.

The number of seed-coat fragments (SCF)
and percentage of the changed number of seed-
coat fragments were measured by a visual
numbering of the seed-coat fragments on the
defined areas before and after the treatments. The
percentage of the changed number of seed coat
fragments were calculated according to equation
2:

%SCF = —NZI\T N

L.100 (%) 2

1
where:
% SCF — the percentage of changed numbers of
seed-coat fragments, %,
N; — the number of seed-coat fragments on the
knitted fabrics’ surfaces before the treatments,
N, — the number of seed-coat fragments on the
knitted fabrics’ surfaces after the treatments, g.

Berger whiteness (Wg). The degree of
whiteness was assessed by reflectance measured
on a Spectraflesh SF 600+ spectrophotometer,
light source D65.

Abrasion resistance on the knitted fabrics was
tested on a Rubtester with F 180 sandpaper, given
as the number of cycles for the whole appearance.
The number of cycles for the whole appearance
was the average of five measurements.

3. Results and discussion

3.1 Evaluation of the parameters of scouring
with NS 29048 acid pectinase

As we previously mentioned, there are several
factors that influence the successful use of
enzymes such as the nature of the substrate, the
type of enzyme used, the enzyme activity, the
surfactants used and the parameters of the work.
The parameters of the work include the defined
temperature, the pH of the bath, the concentration
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of the enzyme and the time of the treatment,
the various additives, the bath ratio and the
agitation.

Pectic substances are 0.9 to 1.2% of the whole
fiber or 9% of the outer layer [7]. They are a
cementing material for the cellulosic network in
the primary wall between the cellulose and the
waxes. They have a complex structure. The
backbone of pectin is composed of a-1.4-linked
D-galacturonan, occasionally interrupted by o-
1.2-linked a-L-rhamnopyranose residues. The
homo-galacturonan parts of the polymer are
defined as “smooth” regions, while the rhamnose-
rich zones are called “hairy” regions. In the
smooth region, D-galacturonic acid is either
methyl-esterified or non-esterified, depending on
its location in the cotton fiber [30]. Non-esterified
pectin forms calcium bridges.

Pectinases can degrade the pectin in cotton
fibers. There are several major classes of pectin-
degrading enzymes: pectin methyl esterases,
pectin lyases, and pectat lyases. Pectin methyl
esterases catalyze the de-esterification reaction of
the methyl group of pectin-producing pectic acid
[7]. Pectin lyase catalyzes the cleavage of a-1.4-
glycosidic linkage in pectin. Pectate lyase
catalyzes the cleavage of a-1.4-glycosidic linkage
in pectic acid. These last two enzymes cleave the
linkages by B-elimination and generate products
with 4.5-unsaturated residues at the non-reducing
end. Polygalacturonase catalyzes the cleavage of
a-1.4-glycosidic linkage in pectic acid by
hydrolysis [21].

Acid pectinases are polygalacturonases [21].
They can be endo-polygalacturonases and exo-
polygalacturonases. Edno-polygalacturonase
randomly hydrolyses the polygalacturonic acid
backbone, while exo-polygalacturonase cleaves
the polygalacturonic acid backbone starting from
the non-reducing end.

We received the NS 29048 (acid pectinase)
without detailed information of its constituents
and polygalacturonase activity. We were
informed that it has its highest activity in the
temperature range between 40 and 50 °C so we
choose 45 ©°C, as the mid-point of the
recommended temperature interval.

From our previous work [23] on the
optimization of the parameters of the bioscouring
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of cotton with BioPrep 3000L as well as from
the reported research work [31], we chose the
concentration of the non-ionic surfactant to be 1
g/dm?,

The parameters of work with NS 29048 were
examined by varying the concentration, pH of the
bath, time of treatment with a temperature of 45
°C, a liquid ratio of 50:1, an agitation speed of
700 rpm, the concentration of Kemonecer NI 1
g/dm® and 0.4 g/dm® EDTA (added at the end
before raising temperature to 90 °C to stop the
enzyme activity and to emulsify the waxes) were
constant.

In the first step, cotton knitted fabric was
treated with 1.25 and 12.5 g/kg NS 29048 at pH 5
for 60 min, and the degree of scouring followed
through the weight loss and water absorbency
(drop test, time of disappearing water drop into
the textile). The results given in Fig. 1 indicated a
weight loss of 4.09 and 3.35 % for 1.25 and 12.5
g/kg NS 29048 and a water absorbency of 3.89 s
and 1.75 s respectively.

The main goals in cotton pretreatment are to
arrive at a satisfactory absorbency and removal of
seed-coat fragments. As the water absorbency
values in both cases were below 5 s, the
conclusion was that the concentration of NS
29048 could be reduced.

In the second step, the concentration of NS
29048 was varied between 0.4 to 1.25 g/kg and
pH 4 and 5. The results from Fig. 2 indicated a
weight loss between 3 and 4 % and better water
absorbency at pH 4. The best results were
received at pH 4 and 0.625 g/kg NS 29048.

In the third step of the experiment, enzymatic
scouring was done at pH 4, and an attempt was
made to reduce the time of scouring from 60 to
30 and 15 min; the results are given in Fig. 3. The
weight loss was again around 3%, and the time of
the disappearing water drop into the textiles was
below 5 s. The treatment of 15 min also gave
good values for water absorbency but the
uniformity of scouring was better on the
specimen treated for 30 min. A concentration of
0.625 g/ kg was taken as optimal.

All the experiments mentioned above were
obtained in the presence of Kemonecer NI as a
wetting agent and 0.4 g/dm*® EDTA as a chelating
agent added at the end of the scouring to chelate
the Ca*? ions before raising the temperature
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to 90 °C to denaturate the enzymes and emulsify
the waxes. Based on previous studies, 85% of the
carboxyl groups in the pectic substances of cotton
are methylated [7]. The last investigation showed
that cotton pectin appears to be composed almost
entirely of polygalacturonic acid exhibiting
calcium cross linkages at 80-95% of the
galacturonic acid subunits [32]. As the hydrolysis
of the pectin with NS 29048 was done in an acid
medium, we did not know the extracted
concentration of the Ca* ions after that process.
The concentration of extracted Ca* ions in a bath
after enzymatic scouring with NS 29048, BioPrep
3000L and alkaline scouring was measured by
atomic absorption spectroscopy, and the results
are given in Table 1. The results indicated that the
concentration of Ca*? ions after scouring with NS
29048 in acid media was twice as high as after
scouring in a mild alkaline medium with BioPrep
3000L. Thus in the next experiment we varied the
concentration of EDTA, and the results given in
Table 2 showed that 0.8 g/dm*® of EDTA was
enough for chelating Ca* ions and successful
emulsification of waxes giving fabrics a good
uniformity of hydrophilic properties.

Chelating agents (EDTA) can be added at the
beginning and end of the scouring process before
raising the temperature, to stop enzyme activity
and to emulsify the waxes. Added EDTA at the
beginning could create an enzyme-EDTA
complex with decreased enzyme activity. So it
was of interest to investigate the influence of the
wetting agent, buffer, EDTA and the time of
adding the EDTA (at the beginning or end of the
process). The results are given in Table 3.
Treatment in the buffer caused some weight loss,
but poor wettability. Treatment in the wetting
agent and buffer improved wettability by four
times, compared with the treatment in the buffer,
but it was still far away from good wettability.
The buffer, wetting agent and EDTA added at the
end decreased the time of the disappearing drop
of water to 12.8 s. Only the buffer and EDTA,
added separately (at the beginning or end), did
not improve the wettability. When the bath
contained all the components (including the
enzyme) and when EDTA was added at the
beginning, the time of the disappearing water
drop into the textile was 5.35 s and was higher
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than when EDTA was added at the end, when this
value is 1.2 s.

As can be seen from the results in Figs. 1, 2, 3
and Tables 1, 2 and 3, the parameters of the work
with NS 29048 are: a liquid ratio of 50:1, a
concentration of enzyme 0.625 g/kg material, pH
4, temperature 45°C, time of treatment 30 min, in
the presence of 1 g/dm*® Kemonecer NI and 0.8
g/dm*® EDTA added after 30 min of treatment.

3.2 Removing seed-coat fragments by various
combinations of enzymatic scouring

The production of high-quality textiles that
meet the highest standards of the cotton industry
has been a central and ongoing challenge in
cotton research. Cotton yarns can be spun in two
different ways: ring and open-end by carded or
combed processes. If it is produced by the carded
process, it contains a larger number of seed-coat
fragments, neps and non-seed impurities. These
impurities are successfully removed during the
combing process, giving the yarn a very fine
degree of uniformity and a good quality [33].
Seed-coat fragments are imperfections that
severely decrease a textile’s quality at the
consumer level and, therefore, have immense
economic consequences. Seed-coat fragments are
part of the outer layer of a cotton seed, and they
are formed from mature or immature seeds during
mechanical processing. They are usually black or
brown and may or may not have fibers and linters
attached. The seed-coat fragments are composed
of waxes, pectins, proteins, sugars and other
components [34]. Waxes are located in the outer
layer, and pectin chains that are cross-linked with
Ca** ions are located below them. The
concentration of Ca*? ions in seed-coat fragments
is several times higher than the concentration in
the cotton fiber [30]. Seed-coat fragments are the
most resistant impurities of cotton. In the
traditional chemical processes, their removal
requires more concentrated chemical solutions
and higher temperatures and longer periods of
treatment than the elimination of other impurities
from raw cotton. In practice, however, the total
seed-coat fragments are not removed, and the
residual part is only bleached in modern
preparatory processes [28]

After determination of the parameters of work
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with NS 29048, scouring with NS 29048,
BioPrep 3000L and alkaline scouring for
comparison were also done. Besides weight loss
and water absorbency, the number of seed-coat
fragments was measured, and the results are
given in Fig. 4. During the scouring, seed-coat
fragments diffuse from the inside towards the
outside of the yarn or fabric. This is the reason for
increasing the number of seed-coat fragments
after wet processing. The highest increase was
found on knitted fabrics scoured with BioPrep
3000L, then on the fabric scouring with NS
29048, and the lowest increase on the alkaline
scoured.

During the alkaline scouring in a high pH
medium, at a high temperature of 100 °C, besides
increasing the seed-coat fragments, the swelling
process helps to loose the attachment of the seed-
coat fragments from the yarn or knitted goods or
fabrics and thus eliminates some of them. A high
alkaline  condition also  softened and
preconditioned some of the seed-coat fragment
materials entrapped in the yarns and degraded
some of them.

Pectin substances in plants usually form
aggregates with calcium ions that cross link
pectin chains to each other. Therefore, a decrease
of the calcium content may promote the
degradation of the seed-coat fragments. That is
why the number of seed-coat fragments on acid
pectinase-scoured cotton is lower compared with
alkaline pectinase scoured cotton. In mild alkaline
conditions (pH 9), Table 1, the extraction of Ca*?
ions are lower than in an acid media, and the
separation of a degraded galacturonic or
oligogalacturonic chain is prohibited. It led to the
heavier degradation of seed-coat fragments after
enzymatic scouring by BioPrep 3000L. Seed-
coat fragments after alkaline and alkaline
pectinase-scoured cotton knitted fabrics are
darker in shade compared with seed-coat
fragments after acid pectinase scouring.

Although the number of seed-coat fragments
of NS 29048 scoured knitted fabrics was lower
than that of BioPrep 3000L scoured, it was still
higher than alkaline scoured. So in the next
experiment an attempt was made to reduce the
number of seed-coat fragments with combinations
of acid pectinase NS 29048, Cellusoft L (acid
cellulase), Denimax BT (neutral cellulase) and
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DeniLite Il (lacase). NS 29048 was chosen as a
result of the lower number of seed-coat fragments
and its better compatibility with other enzymes
chosen for removing the seed-coat fragments.

Some writers have recently demonstrated that
cellulase treatment prior to alkaline scouring
enhanced the degradation of seed-coat fragment
impurities of cotton fabrics and made the residual
seed-coat fragments more accessible to chemicals
[13].

The term “cellulose” refers to a group of
enzymes that act synergistically to hydrolyze
cellulose. Cellulases perform a specific catalytic
activity on the 1.4-B- glucosidic bonds of the
cellulose molecule. The hydrolysis of this bond
cleaves the molecule into smaller parts that may
be further reduced. Commercial cellulases, which
are usually produced by the submerged
fermentation of Trichoderma reesei, are multi-
component enzyme systems typically containing
one or more exo-cellobiohydrolases, multiple
endo-gluconases, and B-glucosidases. Exo-
cellulases act on cellulose polymer chain ends
and primarily produce cellobiose. Edno-cellulases
act randomly along cellulose polymer chains,
breaking very long polymers into shorter ones. -
glucosidases act on short, soluble
oligosaccharides to produce primary glucose [35].
Synergism between the different components in
the cellulases system has been documented, but a
detailed explanation of their mechanism and
Kinetics is not completely understood.

We used two different classes of cellulase
enzymes. The first was commercial cellulase
complex enzyme Cellusoft L composed of endo
and exo cellulases in a ratio of 91% to 9%, and
the second was Denimax BT enriched with exo
cellulases.

The results of these enzymatic combination
treatments followed through weight loss, water
absorbency, whiteness, number of seed-coat
fragments and abrasion resistance of knitted
fabrics are given in Table 4. The best results were
obtained with NS 29048 and Denimax BT; the
percentage of increasing the seed-coat fragments
was near the percentage of alkaline scoured.
These specimens also have a lower weight loss,
good wettability and better abrasion resistance
than the specimens scoured with NS 29048 and
Cellusoft L. Cellusoft L is a multi component
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cellulase enriched with endogluconases, while
Denimax BT is enriched with exogluconases. It is
generally accepted that the enzymatic hydrolysis
of cellulosic fibers is initiated by the random
attack of endogluconases in the amorphous
cellulose, while exogluconases have a central role
in degrading crystalline cellulose. As a result,
cellooligosaccaharides of various DP are
produced, which are hydrolyzed to glucose [36].
Denimax BT probably acts on the fibers that
crosslink the seed-coat fragments to a fabric’s
surface and removes them. DeniLite 1l did not
give good results. It did not discolor the seed-coat
fragments.
4. Conclusions

In summarizing the results,
conclusions can be made:

e The parameters of work for scouring with
acid pectinase NS 29048 are: liquid ratio
of 50:1, concentration of enzyme 0.625
g/kg material, pH 4, temperature 45°C,
time of treatment 30 min, in the presence
of 1 g/dm*® Kemonecer NI and 0.8 g/dm®
EDTA added after 30 min of treatment.

e Adding DeniLite Il did not discolor seed-
coat fragments but decreased whiteness
and abrasion resistance.

e Adding Cellusoft L reduced the number of
seed-coat fragments, but also reduced the
abrasion resistance.

e Adding Denimax BT reduced the number
of seed-coat fragments but did not reduce
the abrasion resistance of the cotton
fabrics.
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Fig.1 Influence of the concentration of acid pectinase NS 29048 on the weight loss and water absorbency after
scouring in a bath with a liquid ratio 50:1, pH 5, at 45 °C, 60 min in the presence of 1 g/dm*® Kemonecer NI and
0.4 g/dm® EDTA added at the end of the process.
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Fig. 2 Influence of the concentration of acid pectinase NS 29048 and pH of the bath on the weight loss and
water absorbency after scouring in a bath with a liquid ratio 50:1, at 45°C, 60 min, in the presence of 1 g/dm?
Kemonecer NI and 0.4 g/dm® EDTA added at the end of the process.
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Fig. 3 Influence of the time of scouring and concentration of acid pectinase NS 29048 on the weight loss and
water absorbency after scouring in a bath with a liquid ratio 50:1, pH 4, at 45°C, in the presence of 1 g/dm?
Kemonecer NI and 0.4 g/dm® EDTA added at the end of the process.

Table 1 Concentration of Ca*?ions in a bath after different scouring methods.

+2
Scouring process (ngim3) pH of the bath
Alkaline, NaOH 0.3 12
Alkaline pectinase, Bio Prep 3000L 1.5 9
Acid pectinase, NS 29048 2.94 4

Table 2 Influence of the concentration of EDTA (added at the end of the process) on the weight loss and water
absorbency, after scouring in a bath with a liquid ratio 50:1, 0.625 g/kg NS 29048, pH 4, at 45 °C, 30 min, in

the presence of 1 g/dm?® Kemonecer NI.

Water absorbenc CV of water
Concentration of EDTA (g/dm°) W (%) y absorbency
(s) 0
(%)
0.4 3.38 2.3 26.43
0.8 3.31 1.25 22.50
1.2 3.41 1.17 24.99
38
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Table 3 Influence of the components of a scouring bath on the weight loss and water absorbency (liquid ratio
50:1, 0.625 g/kg NS 29048, pH 4, at 45 °C, 30 min, 1 g/dm® Kemonecer NI, 0.8 g/dm°*EDTA)

Water absorbenc CV of water

Components of scouring bath W, (%) y absorbency
(s) 0
(%)

Buffer 3.02 300 13.26
Buffer, Kemonecer NI 2.75 75.10 14.50
Buffer, Kemonecer NI, EDTA at 294 128 18.86
the end
Buffer, EDTA at the beginning 3.10 300 -
Buffer, EDTA at the end 3.13 300 -
Buffer, Kemonecer NI, enzyme,
EDTA at the beginning 3.14 535 1351

42
39 35.09

36
a3
a0

27
24 23.81

11.90

Percent of increased seed-coat fragments (%4)

HNaOH BinPrep 3000L HE 29043

Fig. 4 Percentage of increased seed-coat fragments after different scouring methods

Table 4 Influence of different enzymes or their combinations on the weight loss, water absorbency, Berger
whiteness, seed-coat fragments and abrasion resistance on cotton knitted fabrics.

WL Water Wz Percent of | Abrasion

Scouring (%) | absorbency | (%) increased | resistance
(s) SCF (°/hole)
(%)

Control 9.9 394.7
Alkaline 5.07 <1 41.1 11.90 285.0
BioPrep 3000L 3.87 5.12 30.1 38.09 427.3
NS 29048 3,82 2.90 26.6 23.81 450.0
NS 29048, 0.3% Cellusoft L, one bath 4.28 2.33 28.5 16.67 466.6
NS 29048, 0.5% Cellusoft L, one bath 4,32 1 28.63 13.45 395.0
NS 29048, 0.5% Cellusoft L one bath two stages 4.22 <1 28.90 14.67 307.0
NS 29048, 0.5% Cellusoft L, double baths 4.44 <1 27.30 15.93 300.7
NS 29048, 1.2% Denimax BT, one bath two stages 3.77 1 28.50 12.65 518.7
NS 29048, 9% DeniL.ite Il, double baths 3.36 9.54 19.80 19.04 320.7
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Enzymatické pranie bavinenych pletenych textilii kyslymi pektinazou,
celulazou a lacazou

Translation of abstract:
Enzymatic scouring of cotton knitted fabrics with acid pectinase, cellulase and lacase

Pre komer¢né pouZzitie bola do enzymatického prania zaradena nova kysla pektindza. Pracovné
podmienky boli ziskané pomocou Ubytku hmotnosti a testu absorpcie vody. Fragmenty obalov semien
a Bergerova belost’ boli tieZ merané. Enzymatické pranie s alkalickou pektindzou BioPrep 3000L a pre
porovnanie i alkalické pranie boli urobené.

Obsah fragmentov obalov semien stupal s mokrym procesom. Textilie prané s kyslou pektindzou maju
nizsi pocet fragmentov obalov semien ako prané alkalickou pektinazou. Pre UspeSné odstranenie
fragmentov obalov semien boli do pracieho roztoku pre redukciu zavedené celulazy (Cellusoft L
a Denimax BT) apre odfarbenie fragmentov obalov semien lacdza DeniLite 1l v kombinacii s kyslou
pocet fragmentov obalov semien bez podstatnejSej deStrukcie. DeniLite 1l neodfarboval fragmenty
obalov semien.
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DYEING TEXTILE FABRICS WITH PLANT DYES

Suprun N., Kolosnichenko M., Suvorova O.

Kiev National University of Technologies and Design
01011, Kiev, Nemirovicha-Danchenko Str.,2
e-mail: ekma@iptelecom.net.ua

Issues about the possibility, advisability and advantages of the application of plant dyes
for textiles in comparison with synthetic dyes are discussed. After studying the
peculiarities of “folk” dying technology, the compounding and conditions of carrying out
prior operations and dyeing for woolen and different kinds of cellulose yarn were
determined. The color light resistance for sun and artificial irradiation and the stability of
color as a result of different physical and chemical influences was estimated by standard

methods.

1. Introduction

Within the framework of a global problem -
consumer safety, the safety of the environment
(drains, atmosphere emissions), safety at the stage
of utilization of production - a question not only
about the quality of products made from textiles,
but also about their safety, becomes quite real [1].
Everything made by man with the application of
synthetic materials could theoretically more or
less be a hazard for him and the environment.
This relates both to textiles and to various
products made from them. Consumers, especially
in the highly-developed countries of Western
Europe and North America are very interested in
ecologically  clean  production, including
ecologically clean clothing. This is caused by the
fact that a significant part of synthetic dyes,
which have completely superseded natural ones
in textile manufacturing and arts and crafts, have
appeared to be rather toxic — carcinogenic or
causing allergies. It is well known that the
technological processes of dying textile materials
are harmful, because the vapors from dyes get
into the air and parts of dyes get into waste water
and the soil. Some synthetic dyes migrate from
clothes through the skin into the organism of a
person during their use, which causes harmful
effects [2, 3]. Besides, it is necessary not to forget
that the raw materials from which synthetic dyes
are derived (coal, oil) cannot be restored to nature
and can be considered deficient.

Vlakna a textil 14 (3-4) 41-45 (2007)

Ecologically clean textiles, especially those for
bedclothes and children’s clothing, find more and
more wide applications. Ecologically clean
production output can form a positive image for a
firm and attract buyers. The number of consumers
ready to pay extra for such goods is growing.

Organic agriculture is becoming more and
more popular all over the world. It develops in
harmony with nature, helps to restore the
structure and fertility of the soil, and allows for
the production of ecologically safe plants,
including cotton. It is carried out without the
application of chemical fertilizers, pesticides and
genetically modified organisms. Instead, farmers
use only organic fertilizers and natural ways of
protecting the plants. The demand for ecological
production exceeds the offer in the international
market; its price is constantly increasing. The
aspect of social responsibility also is becoming
important: buyers realize that by getting
ecologically clean production, they contribute to
the protection of the environment.

In the manufacturing of textile materials “the
zone of risk” can become any stage of the
technology [4]. At the stage of producing plant
fibers, herbicides and pesticides can be used
during cultivation and harvest (especially of
cotton); these can be chemical (antimicrobial)
substances, which are used for sterilization of the
raw wool. For chemical fibers, it is possible to
allocate monomers and additives, which can then
migrate to a person’s skin. But the special

41


mailto:ekma@iptelecom.net.ua

ZoSlacht'ovanie

attention of ecologists is attracted to the stage of
dying textile materials. A number of azo dyes and
also dyes derivative of benzidine have appeared
to be carcinogenic; they are forbidden to apply in
civilized countries. An interdiction on a number
of dyes was introduced into practice in the
Russian Federation. Unfortunately, now in
Ukraine practically no organization exists which
keeps up on the safety of products made from
textiles.

Synthetic dyes are not only often toxic to
humans, but also are difficult to biologically
decompose, which create problems with cleaning
waste water. Substances which can be potentially
unsafe to humans, can be used at the stage of
finishing textiles. This is an especially urgent
issue for formaldehyde-containing reagents [5].

Taking into account all the above-stated
problems, it is no wonder that the interest in
natural dyes has considerably increased all over
the world now.

Natural dyes were used for dying textile fabrics
till the middle of the 19th century. The oldest
dyes from ancient times are indigo, specks,
purple, carmine, kermes, crocus and henna. Some
of them are popular even now. In some industrial
sectors — food processing, perfumes, cosmetics,
pharmaceuticals - natural dyes have not been
fully replaced by synthetic ones. Natural dyes are
ecologically pure and harmless to the human
body as they are a component of nature. They
give a variety of colors and shades, which are
also possible to change by changing the
conditions of dyeing and using various stains.

Many dyes are derived from waste products of
various branches of industries - food, the
woodworking industry, pharmaceuticals, and
forestry. The raw material for natural dyes is
restored in nature. Selection, cross-pollination
and genetic engineering can considerably increase
the dyeing ability of plants. The stability of
painting by natural dyes, as a rule, is high
enough. The museum collections of many
countries of the world have carpets, Gobelins,
clothes and other products from painted textiles,
the age of which are hundreds of years old, but
which have preserved the beauty of their initial
colors.

Certainly, natural dyes are not standardized.
Most difficulties come from the insufficient dying
ability of plants, which is approximately 10-25
Vlékna a textil 14 (3-4) 42-45 (2007)
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times less than that of synthetic dyes, and also a
longer dyeing process. Coloration, which can be
received with the help of plant dyes, is not
"constant” and depend on the region and
conditions of the cultivation of the plants, their
maturity, and time of gathering. All these facts
cause difficulties with the standardization of
colorations received from plant dyes.

In some countries of Western Europe and
America, programs have been created for the
development of the agricultural production of
dyes from plant and bacterial origins. Scientific
research has shown that just by using European
madder, Indian blue and cochineal, it is possible
to receive more than 100 colors and shades on
materials made from cellulose fibers and more
than 200 shades on materials made from woolen
fibers.

The manufacture and application of plant dyes
has a good future for Ukraine too. This is caused
by numerous factors, first of all, the presence of
raw material, the experience of previous
generations in dyeing with natural dyes,
opportunities to receive these dyes from industrial
waste, and the simplicity and ecological safety of
their manufacture and application.

At Kiev National University of Technologies
and Design, the Faculty of Material Science
together with the Faculty of Design is carrying
out work on the possible use of plant dyes for
dyeing, printing and hand painting of textile
materials. The basic direction of this work in its
first stage is studying the experience of “folk”
technology and peculiarities of folk dying in
different regions of Ukraine. On the base of this
knowledge and with the help of the achievements
of modern chemistry and modern fabric
technology, suitable modern methods of dyeing
for various kinds of textile fibers and yarns, and
also textile fabrics must be developed.

The peculiarities of folk dyeing methods with
different plants are that the components in the
composition (dyes, stains, subsidiary chemicals),
their concentration, temperature of dyeing and
time treatment are orientated towards a small
textile industry and to the work-shop conditions
of artists. This correspondingly influences the
chosen parameters of the processes of preparation
for dyeing.

The represented work has been analyzed.
During preliminary researches in the laboratory,
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the dyeing ability of several kinds of the most
widespread and accessible dyeing plants (bark of
oak, onion peels, buckthorn, flowers of horse
chestnut, etc.) was studied on woolen, cotton,
linen and hemp yarns and textile materials and
also on jute fibers. Optimum modes and chemical
reagents for carrying out the preparatory
operations for dyeing woolen and different kinds
of cellulose yarns were determined. The
technique of receiving the broths of plant dyes
has been developed; a module of the bath,
temperature, time characteristics and technology
of carrying out the dying operations on the
laboratory equipment was determined. Recipes
and the techniques of treating with mordant
(preliminary and simultaneous with dying) have
been developed.

Dyeing technology with the chosen plant dyes
consists of two stages — the making of a dye
decoction from dry plants and dyeing the textile
fabric. The preparation for dyeing depends on the
kind of textile and the level of the fiber’s
purification. This includes the decoction,
washing, bleaching and mercerization of the
cotton or flax yarn, carbonization and bleaching
of wool yarn, and washing the chemical fibers
from the yarn. Before dyeing, all admixtures from
the yarn must be removed; otherwise, they will be
badly steeped and will have a low ability to
adsorb a dye.

2. Experimental

For preparation of a solution for the decoction
of cotton yarn, soda ash was dissolved in water at
a temperature of 40°C (concentration: 5 g/l).
Then the lea of the yarn was placed in a bath (the
module of the bath: 1:30) and was left for easy
boiling and hashing within 45 minutes. After that,
the yarn was carefully washed and placed in the
following bleaching solution: hydrogen peroxide
(4 g/l) + silicate of sodium (30 g/l) + caustic soda
(2 gll), for 2 hours at a temperature of 95°C.
Mercerization of the bleached yarn was carried
out during 1 minute in a solution of NaOH (250
g/l); after that, the yarns were washed in hot and
then in cold water with the addition of an acetic
acid and was dried. Linen yarn was decocted in a
solution of soda ash with a concentration of 15
g/l, and then bleached in two stages; in the first
stage - in a solution of H,SO, (2 g¢/l) at a
temperature of 40°C followed by neutralization in
Vlékna a textil 14 (3-4) 43-45 (2007)
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a solution of soda ash; in the second stage - in a
solution of hydrogen peroxide (7 g/l) + silicate of
sodium (10 g/l) + soda ash (5 g/l) at a temperature
of 90°C for 90 minutes. The process of
mercerization was the same as for the cotton
yarn.

The decoction of the woolen yarn was made in
a solution of washing powder (1 g/l) followed by
mixing for 15 minutes at 50°C. After rinsing,
carbonization was carried out. The yarn was
placed at room temperature in a solution of 60 g/I
of concentrated sulfuric acid, wrung out and, not
rinsed, but dried first at room temperature, and
then at 100°C for 30 minutes. After such
treatment the vegetative additives become black
and charred; the yarn was frayed by hand for their
removal. Then the yarn was carefully washed and
boiled (30 minutes in hot steam). The bleaching
of the wool yarn was carried out in a solution of
30 % of hydrogen peroxide (30 g/l) + silicate of
sodium (6 g/l) + ammonia (2 g/l) + acetic acid (2
g/l). The threads were in this solution at room
temperature for 20 minutes and then for 2 hours
at a temperature of 60°C.

Most plant-dyeing substances require staining
with  metal salts, mainly aluminum and
chromium. Combined with plant dyes, they
produce a stronger color on textiles. We used
dyeing with simultaneous staining. Yarn was
placed in a dye bath heated to 40-45 °C and dyed
at this temperature for 10-20 min. Then the bath
was filled up with formic or acetic acid and
mordant solutions. For 20-30 minutes the bath
was gradually heated to boiling and then dyed at
a slight boiling for 1-1.5 hours. By changing the
stains we received a wide color spectrum using
the same plant dyer. The staining process was
made in the presence of an acid solution. The
staining increased the color’s stability to light and
washing.

3. Results and discussion

The wide spectrum of painting on woolen and
cellulose yarns achieved positive results. Part of
the yarn was painted by the method of setting
knots on the length of the yarn before dying,
which allows for interesting color effects.

The yarn and fibers painted by natural dyes were
used for the manufacturing of experimental
samples of knitted textiles.

43



ZoSlacht'ovanie

During the exploitation of textile materials,
they are influenced by light beams, moisture,
different mechanical forces and various chemical
agents. Under the influence of these factors,
physical and chemical changes in the structure of
dyes occur and also a breach in the fastness of
their connection with the fibers and threads. This
leads to irreversible changes in the color of a
material and the shading of surfaces, which come
into contact with it. For all the samples, the
color’s light resistance to the sun and artificial
irradiation, the color’s stability under different
physical and chemical influences, dry and wet
friction, and the effects of washing and sweat
were estimated by standard methods.

A test of the stability of colouring was made
according to GOST 9733 by a visual method that
compared the degree of change in the initial
colouring of a material and the degree of shading
of a white material after corresponding effects
from scales of grey and dark blue standards. The
standard scale of grey colours consists of five
pairs of grey samples with various degrees of
contrast between the dark sample, the constant for
all the pairs, and samples of lighter colouring.
The second scale of colours consists of five pairs
of samples with various degrees of contrast
between the white sample, the constant for all the
pairs, and samples of grey colour of various
intensities of colouring. For each pair of standard
samples a certain quantity of points (from 1 to 5)
corresponds, from which point 5 means a higher
degree of stability of colouring for a pair with a
contrast equal to zero. The evaluation was written
down in the form of a vulgar fraction, in the
numerator of which is an estimation of the change
in the initial colouring, while the denominator is
an estimation of the shading of the white
material. The scale of dark blue standards permits
estimating the stability of colouring subject to the
effect of light and weather in points from 1 to 8
(point 8 - the highest degree of the stability of the
colouring). As was shown by the tests carried-
out, the degree of stability of colors to various
kinds of effects is defined as a fibrous structure, a
kind of plant dye and, in particular, a staining
formula. On the average, the received values vary
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from 3 to 4 (on the grey standard scale) and from
5 to 7 (on the scale of the dark blue standard).

4. Conclusions

The wide variety in Ukraine of natural dyes for
textiles, technology, the compounding and
conditions of carrying out preparatory operations
and dyeing for woolen and different kinds of
cellulose yarn were determined. Color stability
under different physical and chemical influences,
and a color’s light resistance to the sun and
artificial irradiation was estimated by standard
methods for knitted textiles made from dyed yarn.
This work seems to be important in view of the
worldwide trend to produce products, which are
safe for the consumer.
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Textilie farbené rastlinnymi farbivami

Translation of abstract:
Textile fabrics dyeing with plant dyes
Sa diskutované otdzky moznosti, vhodnosti a vyhod pouZitia farbiv z rastlin pre farbenie textilii
v porovnani so syntetickymi farbivami. Po Stadiu zvlastnosti ,,Fudovej“ farbiacej technologie boli
stanovené zloZenie a podmienky predoperacii a farbenia pre vinené ar6zne druhy celulézovych
priadzi. Stabilita vyfarbenia pre slne¢né a umelé osvetlenie a rozne fyzikalne a chemické vplyvy boli
stanovené Standardnymi metédami.
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|IZOLACIA PRIRODNYCH FARBIV Z KORENINOVEJ PAPRIKY
CAPSICUM ANNUUM L.

Skalkova P.!, Minikova S., Srokova 1.1, T6th T.?

Trencianska univerzita A.D., Fakulta priemyselnych technoldgii, 1. Krasku 491/30, 020 01 Pchov,
Slovenska republika, e-mail: skalkova@fpt.tnuni.sk,

2\yskumny Gstav zeleninarsky, Andovska 6, 940 01, Nové Zamky, Slovenskéa Republika

Olejozivice sa ziskavaju extrakciou s vhodnym rozpustadlom. Pouzivaju sa v priemysle
korenin a maju predpoklady na dalSie vyuZitie. Na izolaciu olejoZivice z koreninovej
papriky bola pouZzita maceracia pri niz3ej teplote a extrakcia uskuto¢nena pri teplotach do
60 °C. Ked’Ze najviac pigmentu sa nachadza v olejovej casti papriky, ako najvhodnejSie
rozpustadlo pri izolacii olejoZivice z paprikového meliva sa pouZil acetén. Uvedenymi
metddami sa ziskali pigmenty obsahujiuce Skalu cervenych karotenoidov (farbivo

kapsantin  a kapsorubin) av malom mnoZstve
sa stanovila spektorfotometrickym meranim

v paprikovom melive a olejoZivici

karotén. Koncentracia pigmentu

a vysledky sa vyhodnotli Statisticky Sudentovym testom. VytaZzok olejoZivice pouZzitim
maceracie sa pohybuje od 10,6 — 13,3 %. Soxhletovou extrakciou sa ziskalo menej
olejozivice (9,3 — 11,2 %), ¢o je spOsobené stratami pri energeticky naro¢nejSej extrakcii.

1. Uvod

V sucasnosti sa vo viacerych odvetviach
priemyslu pouZivaju prevazne syntetické farbiva
pre rozne Gcely. VyrieSil sa tak problém Sirokej
farebnej Skaly sdorazom na stalofarebnost’ v
roznych prostrediach a na svetle, odolnost,
sposob nanasania, atd’. PouZivaju sa na farbenie
roznych substratov, réznymi spdsobmi. PretoZe
ich chemicka vyroba, ale aj ich pouzivanie pri
farbeni najroznejSich substratov, ale hlavne v
textilnom priemysle vedd k zataZovaniu
Zivotného prostredia, najméa vod po ich aplikacii,
je snaha nahradzat syntetické farbiva v
niektorych odvetviach ekologickymi prirodnymi
farbivami. Pozornost na seba putaju rastliny
obsahujace prirodné farbivd vhodné pre
ekologické farbenie textilu, papiera, dreva a
podobnych substratov, najmd pre deti [1].
Doélezitym zamerom je najst’ ¢o najoptimalnejsie
podmienky pripravy, materidlovo i energeticky
nenaro¢né postupy izolacii farbiv z rastlinnych
zdrojov s minimalnym dopadom na ekolégiu.

Koreninova paprika (Capsicum annuum L.)
poskytuje cervené plody. Z nich sa po urcitych
technologickych Gpravéch ( fermentacia po zbere,
suSenie ) ziskava cervené vyfarbené melivo,
vieobecne zname ako vyznamny ingredient
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v potravinarskom priemysle. Kvalita meliva sa
posudzuje uroviou zastUpenia prirodneho farbiva
zo skupiny karotenoidovych farbiv, kapsantinu
[2]. Z dblezitych latok obsiahnutych v plodoch
papriky si to eSte mineralne latky, vlaknina a
pod. Hlavnymi farbivami cervenych plodov
(fyziologickd alebo botanickd zrelost) su
kapsantin a kapsorubin, ktoré spdsobuju
charakteristické cervené sfarbenie dozretych
plodov. Existujad odrody papriky, ktoré
v botanickej zrelosti maju ZIta alebo oranzovu
farbu. V tychto pripadoch kapsantin a kapsorubin
nie s dominujucimi farbivami [3]. Paprika
obsahuje pomerne vysoké mnozstvo flavonoidov,
ozna¢ovanych aj ako vitamin P. D6élezitd skupinu
latok papriky tvoria prchavé aromatické latky [2].

Karotenoidy maju velky vyznam
v potravinarskej  technoldgii  z hradiska ich
nutricnych,  farmakologickych  a farbiacich

vlastnosti. Paprikova olejoZivica je v poslednej
dobe komercne dostupnd a obsahuje pomerne
vysokU koncentraciu karotenoidového pigmentu
ziskaného  z prirodnych  zdrojov.  Paprika
(Capsicum annuum) je definovana ako prasok-
suché, cervené Kkorenie.  Extrakcia papriky
hexdnom [3] a jemu podobnych rozpustadiel
produkuje paprikovl olejoZivicu, ktora sa sklada
z karotenoidovych pigmentov a lipidov.
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Hlavnymi predstaviteI'mi ¢ervenych karotenoidov
su  kapsantin a kapsorubin, charakterizované
Struktarami s pentagonalnymi kruhmi, oranzové
zafarbenie spbésobuje «-karotén, aZzlté dava
violaxanthin.

Pocas dozrievania plodov  sU hydroxylové
skupiny karotenoidov esterifikované, ¢o nema
vplyv na ich chromatické vlastnosti, ale meni sa

News Form Departments

ich polarita. Neesterifikované molekuly su tazko
rozpustné v hexane, ale esterifikaciou sa stavaju
vysoko lipofilné a dobre rozpustné v nepolarnych
rozpustadlach. Zmena polarity umoZznuje vyuZitie
extracného procesu s organickymi rozpastadlami
na ziskanie paprikovej olejoZivice [3].

Kapsantin
(3R,3’S,5’R)-3,3"-dihydroxy-R,
K-karotén-6'-6n (oranZovo-cervene)

o ©

Kapsorubin )
3,3 —dihydroxy-k,x karotén-6, 6’-
dion(oranZovo-cervene)

OH
9 c
CEWWH
O
HO

Obr. 1 Struktura kapsantinu a kapsorubinu [3]

Priemyselne najviac pouZivanym extrakénym
rozpustadlom je hexan. Vo vSeobecnosti treba
podotknut, Ze pre extrakciu je vel'mi dbélezité
zopakovat’ proces niekol’ko krat tak, aby sa ziskal

akceptovatelny vytazok olejozivice. Casto
pouzivanym  procesom je  diskontinualna
extrakcia s recyklovanym extrakénym

rozpustadlom. Nevyhodou tejto metody je, Ze po
extrakcii je nutné odparit’ rozpustadlo, ¢o mdze
sposobit’ degradaciu a izomerizaciu karotenoidov
[4].

Vplyvom svetla pri laboratérnej teplote
dochadza l'ahko k cis-trans izomerizécii zloZiek.
Pri teplotach pod 60 ° C, bola rychlost’ deStrukcie
frakcie ZItého farbiva vysSia ako ¢erveného. Nad
60 °C, bolo poradie lability dvoch zlomkov
obratené a frakcia ¢erveného farbiva sa tym stala
nestabilnou. Pd&sobenim svetla pri laboratdrnej
teplote dochadza k rozpadu Struktdry
karotenoidov, molekuly strdcaju  nutri¢né,
medicinske a farbiace vlastnosti [5].

V suc¢asnej dobe sa vyvijaju nové extrakéne
procedury poskytujuce viaceré vyhody oproti
tradicnym metodam. Perspektivnou alternativou
na izolaciu  karotenoidov je  extrakcia
superkritickym CO; (SCF-CO,), uskuto¢nena pri
nizkych teplotach, ¢im sa zamedzi degradécii
karotenoidov poé¢as ich izolacie. Dal3ou vyhodou
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je nahrada organickych rozpustadiel za CO,, ¢o
sposobuje nizsie zatazenie Zivotného prostredia.
Farbivo izolované pri niZsich tlakoch pozostava
vyhradne z — karoténu, zatial ¢o farbivo
ziskané pri vysSich tlakoch obsahuje vacsi pomer
karotenoidov (kapsorubin, kapsantin, zeaxantin,

— cryptoxantin) a malé mnozstvo - karoténu.
Autori tejto metddy porovnavali SCF-CO,

extrakciu s tradicnymi extrakénymi  metodami

vacetone a hexédne zhladiska izolacie
olejozivice, obsahu pigmentu v olejozivici
a farbivosti [6].

Pre  stanovenie  cerveného a  Zltého

karotenoidného farbiva v
paprike a olejozivici, zalozeny na UV -
spektrofotometrickom  merani  pri  dvoch
charakteristickych ~ vinovych  dizkach bol
aplikovany Lambert - Beerov zéakon pre
viaczlozkové zmesi. VInové dizky 472 a 508 nm
boli vybrané ako najvhodnejSie paralelné
stanovenia v acetonovom extrakte z praskovych
paprik. Experimentalnym zistenim Z0
Specifickych absorpénych koeficientov pre dve
farebné zlozky pri 472 a 508 nm, sa vypoctami
stanovili koncentracie z dvoch casti, celkovy
obsah farbiva a vztah medzi dvoma frakciami.
Nepresnost’ v stanoveni z izochromatickych
zlomkov spektrochromatickou metédou bola < 5

izochromatického
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% pri porovnani vysledkov
ziskanymi z HPLC analyzy [7, 8].
Ciel'om tejto Stadie bolo izolovat’ ¢ervené farbivo
kapsantin ~ zmeliva  koreninovej  papriky
(Capsicum  annuum, L.), najst vhodné
extrahovadlo, sledovat’ vplyv teploty a ¢asu na
vytazok farbiva pri extrakcii a maceracii.
Uvedenymi metdédami sa izolovalo vacSie
mnozstvo farbiva, ktoré sa pouzilo na farbenie
prirodnych substratov (vina, bavina, prirodny
hodvab, papier, polylaktidové vlakna).

s vysledkami

2. Experimentélna ¢ast’

2.1 Pouzité materialy, chemikalie a zariadenia
Capsicum annuum L. - zhomogenizované vzorky
papriky uroda 2005 - AA, AB, BA, BB
(Vyskumny ustav zelenindrsky, Nové Zamky,
Slovenska Republika). VInené cesance (Merina,
a.s. Trencin), polylaktidové strizové vlakna, PL —
32 (VUCHYV, Svit), Standardné bavinené tkanina,
prirodny hodvab (Coloria, Bratislava). Etanol,
aceton (Slavus s.r.o - Bratislava, Slovenska
Republika) a Slovasol O(VUTCH — Chemitex,
s.r.0., Slovenska Republika).
Paprikovd olejoZivica sa ziskala z extraktov
odparenim rozpustadla na vakuovej odparke,
INGOS - RVO 200, koncentracia pigmentu sa
stanovila spektrofotometricky na SPECORD UV
VIS, CARL ZEISS, Jena.
2.2 Izolacia kapsantinu extrakciou
v Soxhletovej aparature

Vzorka koreninovej papriky (1 g) sa extrahuje
v Soxhletovej aparatire acetonom (200 ml) pri 60
°C, 7 h podra postupu, ktory popisali autori
Jarén-Galan a kol. [6]. Pocas extrakcie sa z varnej
banky v r6znych ¢asovych intervaloch odoberala
vzorka v objeme 2,5 cm® a vniesla sa do 50 cm®
odmernej banky, doplnila acetbnom a merala sa
intenzita zafarbenia fotometricky. Z absorbancie
Apri 469 nm sa vypocita koncentracia
kapsantinu v paprikovom melive [12].

Z extraktu koreninovej papriky sa po odpareni
rozpustadla atmosférickou destilaciou ziskala
¢ervena viskdzna kvapalina — olejoZivica, v ktorej
sa stanovil obsah kapsantinu Wp vg.kg’
spektrofotometricky a na zaklade kalibracnej
krivky z obr. 4. Ziskané vysledky sa spracovali
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Statisticky Studentovym testom asu uvedené v
Tab.2.

2.3 lzolacia kapsantinu maceraciou

Vzorka Kkoreninovej papriky (0,5 g) sa
maceruje acetonom (50 ml) v kuZel'ovej banke
podl'a postupu, ktory popisali autori Jarén-Galan
akol. [6]. Obsah sa viackrat za den pretrepava
anecha stdt vtme 24 h. Pocas macerécie sa
v rbznych ¢asovych intervaloch z hornej vrstvy
opatrne pipetuje vzorka vobjeme 2,5 cm?®
avnesie sa do 50 cm® odmernej banky a doplni
acetonom, stanovi sa koncentracia kapsantinu
v paprikovom melive fotometricky.
Z maceratu koreninovej papriky sa po odpareni
rozpustadla atmosférickou destilaciou ziskala
cervend viskdzna kvapalina - olejoZivica. Obsah
kapsantinu Wp v g.kg™ v paprikovej olejoZivici sa
stanovil analogicky ako v 3. 2., vysledky s
uvedené v Tab.2.

2.4 Testovacie metddy

Vlhkost v koreninovej paprike (1 g) sa
stanovila gravimetricky v susiarni pri 60 °C, 1 h.
SuSenie sa opakovalo do konsStantnej hmotnosti
[12].

Farbenie prirodnych substratov (hodvab, vina,
bavinena tkanina  apolylaktidové  vlakno)
pozostavalo zo 4 farbiacich kuperov ( ¢ = 0,06 %)
oobjeme 200 ml vody a0,12 g olejozivice.
Vzorky sa farbili 60 minut pri teplote 50 °C [10,
11].

VysuSené a zafarbené vzorky sa po 24 h
vyprali pri 50 °C, 10 minat. Praci kupel
pozostaval z 0,5 % vodného roztoku Slovasolu
[12].

3. Vysledky a diskusia

Pred izol4ciou farbiva maceraciou
a extrakciou Soxhletovou aparatirou sa stanovil
obsah vody v % v Styroch vzorkach koreninovej
papriky. Z Tab. 1 vidno, Ze priemerny obsah
vody vo vzorkach koreninovej papriky sa
pohybuje od 4,25 - 5,2 %.
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TabuPka 1 Paralelné stanovenie obsahu vody
(%) v koreninovej paprike

Obsah H,0 Priemerny
Vzorka (%) obsah H,O
(%)
AA 54
4,8 51
AB 51
53 5,2
BA 41
4,4 4,25
BB 4,2
4,7 4,45
Koncentracia ziskaného pigmentu

v paprikovom melive a v olejoZivici zavisi hlavne
od dvoch parametrov, ato do kvality samotného
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plodu aod pouZitej extrakénej techniky.
Vzhradom k plodom, organické rozpustadla su
schopné extrahovat’ v3etky lipofilné ¢asti, ako su
pigmenty aolejovi cast’ paprikového oplodia
a semien. Olej je v plode zastUpeny vo vacSom
mnozstve ako pigmenty. Pigmenty sa nachadzaju

v bunkovych Struktdrach ast vel'mi taZzko
pristupné rozpustadlam. Olej l'ahSie
extrahovatelny v skorSich  fazach  procesu

sa nasledne stava bohatsi na pigmente [5].

V cerstvej a nasledne aj v suSenej paprike
sa nachadzaju rozne esterifikované pigmenty,
a s vynimkou karoténu vsetky sa vyskytuju vo
forme mono- a diesterov. Esterifikdcia — zrenie
plodov  nespbésobuje zmenu chromatickych
vlastnosti, ale kompletne meni chromatograficke
chovanie pigmentu.

TabulPka 2 Vysledky spektrofotometrického stanovenie koncentracie pigmentu v paprikovom melive

a v olejoZivici pri 469 nm v acetone

SDOSOb Druh pap rlky Wp pigmentu v paprikovom V)'/t’aZOk prigmentu v olejozZivici V}’/t’aiok
izolacie melive olejozivice pigmentu
(%) ® (9-kg™) v

(9.kg™) olejozivici
(%)
-g @ AA 2,458 + 0,031 10,6 3,177 £ 0,037 88,3
‘g % AB 2,793+0,279 13,2 3,921 + 0,167 98,9
S8 BA 2,768 + 0,135 12,3 3,672 + 0,046 96,9
= > BB 2,808 £ 0,190 13,2 3,683 £ 0,057 94,1
AA 1,086 + 0,242 9,3 1,495+ 0,311 87,4
< AB 1,562 + 0,343 10,8 1,623 + 0,168 86,5
w BA 1,524 + 0,217 10,1 1,739+ 0,783 93,8
BB 1,611 +0,189 11,2 1,757 + 0,388 92,4

" prepoéitané cez materialové bilancie
& véazkovou metédou

Cielom tejto Studie je izolovat pigment
z extraktov a maceratov koreninovej papriky vo
forme olejozivice, stanovit farbivost papriky,
koncentraciu pigmentu v olejoZivici a nasledne
% obsah pigmentu v olejozZivici vhodnou
metddou. Z literatary [6] sU zname tri  typy
metod izolacie kapsantinu z koreninovej papriky
hexanom, acetdnom a SCF-CO,.

Na izolaciu olejoZivice obsahujlcej
oranZzovocervené farbivo kapsantin z koreninovej
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papriky sme pouzili klasické metddy, extrakciu
amaceraciu. KedZe najviac pigmentu sa
nachadza volejovej casti  papriky, ako
najvhodnejSie rozpustadlo pri izol&cii olejoZivice
z papriky sme zvolili aceton.

Maceracia sa uskutoc¢nila postupom uvedenym
v experimentalnej ¢asti pri laboratornej teplote,
24 h. Stanovila sa koncentracia pigmentu
v macerate, ktord sa prepocitala a vyjadrila v
g/kg paprikového meliva. Po odpareni
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rozpustadla destilaciou za atmosférického tlaku
sa ziskal tmavocerveny pigment vo forme
olejoZivice. Stanovilo sa tieZ mnoZstvo pigmentu
v olejozivici spektrofotometricky a vyjadrilo sa
v g/kg.

¥ = 6,853 % +0,0479

0 0,05 0,1 0,15 0,2
Wp tzkg?)

Obr. 2 Kalibra¢né krivka kapsantinu v acetone

Mnozstvo pigmentu v paprikovom melive
(vid’. Tab. 2) sa zistilo z kalibra¢nej krivky (Obr.
2) na zaklade zmeranej absorbancie aje
vyjadrené ako obsah pigmentu vg / 1 Kkg
paprikového meliva.

Pri stanoveni mnoZstva pigmentu v olejoZivici
sa obsah pigmentu prepocital cez materidlove
bilancie (1), pretoZe je potrebné zahrnut proces
odparenia rozpusStadla a pripadné straty, ktoré
mohli nastat’ pocas odparovania rozpustadla
atmosférickou destilaciou. Je rovnako vyjadreny
ako obsah pigmentu v g/ 1 kg olejoZivice.

Mr.Xr = M:. X3 (l)
mg - hmotnost  pigmentu  a acetonu
s hmotnostnym zlomkom Xg
mz — hmotnost’ Zivice s hmotnostnym zlomkom
Xz

Ziskané vysledky sa spracovali Statisticky
Studentovym testom a sU uvedené v Tab. 2. Pri
izolacii  pigmentu maceraciou sa najviac
pigmentu ziskalo zo vzorky AB, BB a BA.
vzorky AA. Obsah pigmentu v paprikovom
melive sa pohybuje od 2,458 — 2,808 g.kg™
a v olejozivici je od 3,177 — 3,921 g.kg™.
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Extrakcia pouzitim Soxhletovej aparatlry sa
uskutocnila postupom uvedenym
v experimentalnej casti pri teplote 60 °C, 7 h.
Mnozstvo  pigmentu v paprikovom  melive
a v olejozivici sa zistilo z kalibracnej krivky na
zaklade zmeranej absorbancie a vyjadrilo sa
rovnako ako pri macerécii v g.kg™.

Ziskané vysledky sa tieZ spracovali Statisticky
ast uvedend v Tab. 2. Pri izolacii pigmentu
Soxhletovou extrakciou sa najviac pigmentu
ziskalo z paprik AB, BB a BA. Rovnako, ako pri
macerécii  sa najmenej pigmentu ziskalo
izolaciou zo vzorky AA. Obsah pigmentu
v paprikovom melive sa pohybuje od 1,086 -
1,611 g.kg™ a obsah pigmentu v olejoZivici je od
1,495 - 1,757 g.kg™.

Pouzitim Soxhletovej extrakcie aj maceracie
koreninovej papriky s aceténom sa ziskali vysoké
vytazky olejozZivice vzhradom na 100 %. V Tab.
2 sU uvedené aporovnané vysledky izolacie
olejoZivice z papriky extrakciou Soxhletovou
aparatirou a klasickou maceréciou s organickym
rozpustadlom - aceton. Vytazok olejoZivice
pouZzitim maceracie sa pohybuje od 10,6 — 13,3
%, ¢o je vdobrej zhode s literaturou [6].
Soxhletovou extrakciou sa ziskalo menej
olejozivice ( 9,3 — 11,2 %), ¢o je spOsobené
stratami pri energeticky narocnejSej extrakcii.
Uvedenymi metdédam sa stanovila koncentracia
pigmentu v paprikovom melive a v olejozivici.
Pouzitim obidvoch metod sa potvrdilo, Ze najviac
pigmentu sa nachadza v paprikovych vzorkach
AB, BB, AB anajmenej pigmentu sa ziskalo zo
vzorky AA.

Wp

(gkg™)
35 |}

3 |

25 |

2 9

= AB
15 F BB
® BA

1
1 6 11 16 21 26

t (h)
Obr. 3 Zavislost’ obsahu pigmentu z paprikového
meliva od ¢asu maceracie

50



Z vedecko-vyskumnych a vyvojovych pracovisk

Ak porovnavame navzajom obidve metody
izol4cie pigmentu z papriky, z Tab. 2 vidno, Ze

izolaciou olejoZivice Kklasickou maceraciou
sacetonom sa dosiahli vy3Sie koncentrécie
pigmentu  volejoZivici ako  Soxhletovou
extrakciou.

Soxhletovou extrakciou sme vzorky papriky
extrahovali acetobnom pri teplote 60 °C. Pre
extrakciu je velmi doblezité zopakovat' proces
niekol’ko kréat tak, aby sa ziskal akceptovatelny
vytazok olejoZivice. Nevyhodou extrakcie je jej
energeticka narocnost, po extrakcii je nutné
odparit  rozplstadlo, ¢o mdze spbsobit
degradaciu a izomerizaciu karotenoidov [4].

Nad 50 °C sa Struktdra cerveného farbiva -
kapsantinu stava nestabilnou. Vystavenim svetlu
avyssej teplote uz okolo 60°C dochadza
k rozpadu Struktary karotenoidov, molekuly
stracaju nutri¢cné, medicinske a farbiace vlastnosti
[5]. Tento fakt potvrdzuja aj vysledky zo
stanovenia koncentracie pigmentu v zavislosti od
¢asu pri extrakcii a maceracii.

ZObr. 3 aObr. 4 vidno, Ze pri izolacii
pigmentu z papriky metédou maceracie sa
koncentracia pigmentu s ¢asom zvySovala. Pri
Soxhletovej extrakcii  doch&dza v priebehu
procesu Kk vyraznejSiemu poklesu izolovaného
pigmentu v paprike v zavislosti od ¢asu, ¢o je
spbsobené degradaciou karotenoidov vplyvom
vysSej teploty pri extrakcii.

Wp
1
(@kg™) 54 ¢

2,6 |

* AA

= AB
22 ¢ BB

2

18 |
16 |
14 |

12 |

1

2 3 4 5 6 7 8
t(h)

Obr. 4 Zavislost’ obsahu pigmentu
z paprikového meliva od ¢asu extrakcie

Na farbenie substratov v d’alSej casti prace sa
pouZili pigmenty vo forme olejoZivice izolované
odparenim rozpustadla z maceratu atmosférickou
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destilaciou. Z literatury [8, 10] je zname, Ze
rastlinné farbivd si vhodné na farbenie
prirodnych materidlov. Preto sa na farbenie
pouZili vinené ¢esance, hodvab, bavinena tkanina
a polylaktidové strizové vlakna.

Cervenym pigmentom pritomnym
v olejozivici zo 4 druhov paprik sa farbili
jednotlivé substraty vo farbiacom kupeli s
koncentraciou 0,12 g pigmnetu / 200 ml H,O.
Ziskali sa vyfarbenia  srdznou intenzitou
Ciel'om tejto casti prace bolo zistit, ¢i je farbivo
fixované na substrate aj po prani. Po farbeni sa
sice dosiahlo pomerne syte vyfarbenie
u bavinenych  a polylaktidovych  substratov,
menej syte u viny a hodvabu, ale po zaverecnej
operacii - prani sa farbivo vypralo. Porovnanim
intenzity  zafarbenia  bavinenych  tkanin
a polylaktidovych vlakien, sme zistili, Ze
najintenzivnejSie zafarbenie poskytuju olejoZivice
zpapriky BA aAB. Najmenej intenzivne
zafarbenie substratov sa dosiahlo olejoZivicou
z papriky AA. Predmetom d’alSich prac méze byt
pozornost’ venovana fixacii farbiva na substratoch
, aby sa zlepSili stalosti v prani.

4. Zaver

Na z&klade dosiahnutych vysledkov mozno
formulovat’ nasledovné zavery:

Na ziskanie pigmentu z koreninovej papriky

metodou extrakcie a maceracie je vhodné pouZzit’

ako rozpustadlo aceton, pretoZze sa da lahko
odstranit’ z extraktu odparenim atmosférickou
destilaciou.

O Koncentracia pigmentov ziskanych
maceraciou paprikového meliva sa pohybuje
od 2,458 - 2,808 g.kg' , koncentracia
pigmentu v olejoZivici po odpareni
rozpustadla z maceratu je od 3,177 — 3,921

-1
0.kg™.

O Koncentracia pigmentov ziskanych extrakciou
paprikoveého meliva acetbnom sa pohybuje od
1,086 — 1,611 g.kg™ a koncentracia pigmentu
v olejoZivici po  odpareni  rozplstadla
z extraktu je od 1,495 — 1,757 g.kg™.

O Porovnanim koncentracie pigmentov
ziskanych maceraciou a Soxhletovou
extrakciou mozno povedat, iZ8i
hodnoty sa ziskali pri extrakcii,
sposobené vysSou teplotou pri

¢o Je
extrakci,
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Isolation of natural dyestuffs from red pepper Capsicum annuum L.

Preklad abstraktu:
Izolacia prirodnych farbiv z Koreninovej papriky Capsicum annuum L.

Oleoresins are produced by solvent extraction. These are used by spice industries and have a very high
future potential. Oleoresin was fractionated by maceration at lower temperatures and by extraction at
temperatures of up to 60 °C from paprika powder. We used as cosolvent acetone, because higher
pigment yields are in oleoresin. Pigments isolated by these methods contained a good proportion of red
carotenoids (capsorubin and capsanthin) and small amounts of -carotene. The pigment concentration in
paprika powder and oleoresin was determined by spectrofotometric determination and the results were
avaluated statistically by Student test. The yield of oleoresin using by maceration was 10,6 — 13,3 %
and by extraction of Soxhlet, the yield of oleorens was lower 9,3 — 11,2 %, that is occured of loss by
energic more exacting extration.
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HOMOPOLYMERY METALOCENOVYCH POLYOLEFINOV

Kristofi¢ M., Ryba J., Vassova I.

Slovenska technicka univerzita v Bratislave, Fakulta chemickej a potravinarskej technoldgie,
Radlinského 9, 812 37 Bratislava, e-mail: michal.kristofic@stuba.sk

Po objave monocentralnych metalocénovych
katalyzatorov v roku 1980 sa zacal produkovat
vysoko stereoregularny syndiotakticky
polypropylén. Tento typ polypropylénu ma Gplne
nové fyzikalne vlastnosti v porovnani so
stereoregularnym a regioiregularnym polymérom
pripravenym vroku 1960 s pouZitim Ziegler-
Nattovych katalyzatorov. ZlepSena
stereoregularita a molova hmotnost” dovolili najst
vynikajlce a jedine¢né mechanické vlastnosti,
najma ¢o sa tyka elastomérneho chovania napriek
vysokej krystalinite a relativne vysokej teplote
sklovitého prechodu. Fyzikalne vlastnosti zavisia
na krystalizacii, ktora je prisne spojena
s mikrostruktarou jedinej molekuly. V zavislosti
na katalyzatore a podmienkach polymerizacie je
dnes mozné ,usit™ takticitu ateplotu tavenia

apripravit  rozne  syndiotaktické  vzorky
polypropylénu s roznymi fyzikalnymi
vlastnostami.

Stereoblokovy  polypropyléen  pripraveny

pouZitim metalocénovych katalyzatorov — sa
sklada z alternujdcich stereoregularnych
a stereoiregularnych segmentov a kontrolou dizky
izotaktickych a ataktickych segmentov mozno
ziskat’ polymérne retazce s rdéznou molekulovou
mikroStruktdrou.  MikroStruktara  zavisi  na
roznych polymerizaénych parametroch aje pre
skamanie jej regularity je dolezita izotakticka
pentdda [mmmm] a syndiotakticka triada [rr].
Vyvoj katalyzatorov od prvych syntéz
umoznujucich syndioSpecifickl polymerizéaciu,
Studium  krystalickej Struktury, polymorfného
chovania a fyzikélnych vlastnosti
syndiotaktického polypropylénu si popisané
v literatre [1] a dovol'uju ndjst’ presne vztahy
medzi  mikroStruktdrou  retazca,  (najma
pritomnost’ defektov stereoregularity
a regioregularity), krystalickou Struktarou
a fyzikalnymi vlastnostami. Analyza
mechanickych  vlastnosti  syndiotaktického
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polypropylénu poskytla moznost’ identifikovat
novu triedu termoplastickych elastomérov, kde
krystality nereaguju jednoducho ako fyzikalne
zauzlenia elastomérnej siete, ale aktivne
prispievaju k elasticite. Elastické zotavenie je
naozaj  spojené s polymorfnou  premenou
v krystalickej faze z metastabilnej trans-planarnej
formy 11l na stabilnejSiu Spiralova formu Il. Tato

premena zabezpecuje entalpicky prispevok
k elasticite a zavadza novl koncepciu entalpickej
elasticity.

Rovnako  pramen [2] sa  zaobera

polymorfizmom metalocénového izotaktického

polypropylénu a analyzou mechanickych
vlastnosti a polymorfnych transformacii
polypropylénu s rbznou stereoregularitou,

obsahujacich  len rr stereo-defekty pocas
plastickej deformécie. Termoplastické materidly
s vysokou tuhostou alebo vysokou ohybnostou
mozu byt pripravené v zavislosti na koncentracii
defektov. Vztah medzi réznym mechanickym
spravanim a pozorovanymi roznymi
polymorfnymi transformaciami pocas tahovej
deformécie je uvedeny. Elastické chovanie
vzoriek snizkou (izo)takticitou a hodnoty
zodpovedajucich mechanickych parametrov sa
vztahujd k Struktdrnym transformaciam
prebiehajucich poc¢as tahu. Forma y pritomné
v nediZenych vzorkach sa meni na a—formu ata
sa meni na mezomorfnu formu pri vel'mi vysokej
deformacii. Mezomorfna forma sa meni spat’ na
krystalick( o—formu po uvolneni napdtia a objavi
sa elasticka vratnost’. Krystalizacia mezomorfnej
formy na o-formu sa nepozoruje v pripade
ohybnych alebo tuhych plastickych vzoriek, ktoré
nevykazuju elastické chovanie. To poukazuje na
to, Ze velastomérnych vzorkach je elasticita
pravdepodobne ciasto¢ne spdsobena prispevkom
entalpie spojenej s krystalizaciou mezomorfnej
formy do o—formy.
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Funkcionalizacia polyolefinov bola od ich
uvedenia na trh  vyznamnym subjektom
vedeckého vyskumu s dopadom v priemysle.
AvSak aZz v podobe novych metalocénovych
katalyzatorov sa dostavil vyznamny pokrok.
Publikacia [3] pokryva nedavne vysledky pri
funkcionalizacii polyolefinov, pricom je Speciélne
zamerana na prechodnymi kovmi katalyzované
procesy syntézy Struktdrne dobre definovanych
funkcionalizovanych  polyolefinov,  v¢itane
polyolefinov s boénymi skupinami, polyolefinov
s funkcionalizovanymi  koncovymi  skupinami
a tieZ ockované a blokové Struktdry.

Nové metalocénové Kkatalyzatory pouzivané
pri polymerizécii propylénu roz8iruju vlastnosti
PP vyplyvajlce z jeho charakteru ako materialu
s krystalinitou pod 60 %, az po amorfny vysoko
elasticky material. Pritom urc¢it’ dévod unikatnych
elastickych vlastnosti takto nizko krystalického
PP nie je uplne a jednoducho vysvetlite'né. Praca
bola zamerand na Studium korelacie orientécie
ajej zmeny pocas uniaxialneho diZenia pri
rozvoji  textdry vldkna s makroskopickym
chovanim napétie-prediZzenie pomocou SAXS
a WAXS met6d. Snahou bolo vysvetlit’ podstatu
fyzikalneho, nie chemického presietovania tychto
homopolymérov a podstatou Stidia bolo vydizit
vysoko molekulové metalocénové PP s réznou
kryStalinitou (0-36 %) na rbzne deformacné
stupne azaznamenat' pocas diZenia Struktdrne
zmeny pomocou spomenutych RTG metdd.
Merania ukazali vel’ky potencial tychto typov PP
ako termoplastickych kaucukovitych materiélov.
Vysoka hustota presietovania vydizenych vzoriek
ukazuje na to, Ze tato siet’ je zodpovedna za
elasticitu vznikld napatim a spdsobuje zmeny
v morfolGgii a orientécii retazcov [4].

Homopolyméry izotaktickéeho PP
zosyntetizované ~ pomocou  metalocénovych
katalyzatorov, vykazuju rdzne stupne izotakticity
a molovych hmotnosti (M,) aboli podrobené
roznej tepelnej Uprave pocas spracovania.
NajdolezitejSim faktorom ovplyviujicim
Struktaru a vlastnosti tychto polymérov je stupen
izotakticity. Podmienky tepelnej upravy, t.j.
rychlost’ chladenia taveniny je tiez dolezita a bol
najdeny tiez jasny vplyv molovej hmotnosti pre
vzorky s nizSimi M,, . Tieto faktory vplyvaju na
termické vlastnosti, stupen krystalinity a preto aj
Struktarne parametre a viskoelastické chovanie
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sa. Pomalé chladenie taveniny uprednostiuje
tvorbu vy-fazy namiesto a-fazy. Nezavisle na
povode (rastu) srastom Kkrystalinity rastie
dynamicky modul, Youngov modul a hodnoty
mikrotvrdosti [5].

Polymerizécia propylénu S novou
kombindciou  metalocénovych  katalyzatorov
pripravenych heterogénnou emulznou metodou
v kvapalnom  momomére v zavislosti  od
podmienok dava polypropylén s molovou
hmotnostou My, Vv intervale 144-286 kg/mol pri
kombinacii  A+B  a200-390 kg/mol  pri
kombinacii A+C. (A+B = rac-
dimetylsilanylbis(2-metyl-4-fenyl-1-
indenyl)zirkonium dichlorid/rac-[etylénbis(2-
(terc-butyldimetylsiloxy)indenyl)]zirkonium
dichlorid/metylaluminoxan (MAO) a A+C = rac-
dimetylsilanylbis(2-metyl-4-fenyl-1-
indenyl)zirkonium dichlorid/rac-
dimetylsilanylbis(2-izopropyl-4-[3,5-
dimetylfenyl] indenyl) zirkonium
dichloride/MAO. Kombinacia A+B dava uZsiu
distribuciu  molovej hmotnosti ako A+C
a bimodalna krivka s jasne oddelenymi nizko-
a vysoko- molekulovymi polymérnymi frakciami
bola zistena pri A+B [6].

Rbézna  acinnost  katalyzatorov — vermi
podobnych katalyzatorov bola preukazana v préaci
[7]. Katalyticka aktivita homogénneho systému
Me,Si(2-Me-Ind),Zr Cl/MAQO bola takmer 8
krat wvySSia ako u in situ Kkatalyzatora
Me,Si(R'Ind),Zr CL/SMAO/AIR; ¢ na MAO
modifikovanom silikou v spolupréci
s kokatalyzatorom AIR; 2 (38 oproti 4.6 kg PP/g
kat h) a molova hmotnost’ PP bola 3 kréat vyssia
(93 oproti 34 kg/mol). Molove hmotnosti
polymérov vzniknutych pri in situ procese
zaviseli na povahe AIR; ana pomere Al/Zr.
VSeobecne heterogénny systém produkoval PP
s vysSou molovou hmotnostou ako homogénny.

Struktara skupiny 4 ansa-metalocénovych
komplexov s chiralnymi substituentmi nesucimi
cyklopentadienylové ligandy bola stanovena a ich
katalyticka Ucinnost’” hodnotena pri polymerizacii
etylénu a propylénu. lzotakticky PP s (mmmm)
usporiadanim na urovni 60 % bol ziskany
pouZitim symetrickych ansa-zirkonovych
katalyzatorov [8].

Metalocénovy polypropylén vykazoval lepSiu
imobilizaciu lipazy z Candida antarctica B
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v porovnani s komerénym Ziegler-Nattovym PP,
¢o sa vysvetluje kombinaciou vacsich ¢castic a ich
inému povrchu. Nizka mechanicka odolnost’ v3ak
brani pri pouZziti tam, kde su systémy vystavené
vysokému mechanickému naméhaniu. Pokrytie
sklenych gulic¢iek s mPP vytvori zmesny povrch
a jeho acido-bazické opracovanie (pre vznik -OH
skupin na povrchu) zabezpecilo dostato¢nu
obnovu aktivneho povrchu ajeho vyuzitie pre
imobilizaciu, avSak neprindSa taky velky efekt
ako samotny praskovy metalocénovy PP [9].
Nové metalocénové katalyzatory rozSiruju
pole vlastnosti PP, pretoze maju krystalinitu
vrozsahu 0-60 % asU teda semikrystalinicke.
Metalocénové PP s podielom 0, 5, 18, 36 a 62 %

krystalického podielu boli Studované
kalorimetrickymi, mechanickymi
a réntgenografickymi metodami, ktoré

potvrdzuju, Ze amorfné typy sd novou triedou
nizkokrystalickych polypropylénov. V zavislosti
od teploty bol korelovany vyskyt o- avy-
kryStalickych  modifikacii  a diskutovany vo
vztahu k fazovym zmenam [10].

Vplyv mikroStruktdry, molovej hmotnosti
amorfolégie na lokalne relaxacie  bol
porovnavany u metalocénového PP, Ziegler-
Nattového PP atroch  metalocénovych
kopolymérov propylén-etylén, ktoré obsahovali
iba izolované etylénové jednotky. Ziegler —Nata
typ zabezpecuje Siroky rozsah molovej hmotnosti
kde priemerna diZka izotaktického segmentu — n;
a povaha preruseni izotakticity sa menia podla
dizky retazca.. Metalocénové typy dovoluju
analyzovat’ vzorky v ktorych molovad hmotnost’
iny su vpomere, ale povaha defektov ostava
rovnaka. Spomedzi uvazovanych faktorov najma
mikroStruktdra a n; vplyvali na kvalitu a-relaxacii
[11].

Tri novo zosyntetizované izoStrukturalne
komplexy tridentate [N,N,O] Schiffove bazy
kovov 4 skupiny boli charakterizované a pouZité
pri polymerizacii etylénu a propylénu. Vyrazna
produktivita polyméru bola dosiahnuta pri
priprave  polyetylénu apri  polymerizacii
propylénu pri — 20 °C s katalyzatorom
obsahujacim TiCl; a komplex bol pripraveny
izotakticky PP obsahujuci 5 % izolovanych
regioiregularnych jednotiek v treo-konfiguracii.
Tato vel'mi neobvykla mikrostruktdra ukazuje, Ze
ako prvé tak idruhé monomérne vélenenie sa
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udeje s tou istou ,.enantio* selektivitou v rozpore
stym, ¢o sa pozoruje v pripade metalocénovych
katalyzatorov [12].

Praca [13] dopina predchadzajice vysledky

Stadia vplyvu molovej hmotnosti
a mikroStruktury na termicku stabilitu
nizkomolekulovych izotaktickych

polypropylénov. Zavislost' indukéného casu (t;)
na molovej hmotnosti a mikroStruktire bola
skimana unovych vzoriek metalocénovych
izotaktickych PP (MPP) s molovou hmotnost'ou
v rozsahu 65.000-182.000. Tato séria novych
vzoriek  zahinala  ijeden  etylé-propylén
kopolymér (MEP) s obsahom etylénu 2.6 mol. %.
Podobne ako predchadzajuce vysledky ani tu
samotnd molova hmotnost’ alebo mikrostruktura
neboli schopné vysvetlit’ rozvoj t; vzoriek MPP.
Na zaklade vysledkov ziskanych z MEP
kopolyméru sa predpoklada, Ze miestny pohyb
retazca sa deje v oblastiach velkého volného
objemu spojeného s preruSenim propylénového
segmentu hrd podstatni  Glohu v schopnosti
medzifazy iniciovat oxidaciu. Tato hypotéza
dovol'uje vieobecnejsi pohl'ad na skuto¢ny poévod
termo-oxidacie iPP, pretoZe integruje vplyv
najdenych parametrov, najma molovi hmotnost
a mikrostrukturu.

Stereochémia polymerizacie propylénu pri
pouziti  réznych C; aC;  symetrickych
metalocénovych  katalyzatorv ~ premostenych
cyklopentadienyl-fluorenylovymi ligandami a ich
vplyv na pripravu vysoko stereoregularnych
polypropylénov bola preStudovana [14]. Zo Studie
vyplynulo, Ze ibafrontdlne  umiestnenie
fluorenylového ligandu je ucinné pre zlepSenie
syndioselektivity kone¢nych katalyzatorov.

Katalyzatory zirconocen/metylaluminoxan
premostené pentalénom su popisané [15] ako
uzitocné pri polymerizécii etylénu, propylénu.
Vykazuju  vysokd  termostabilitu aZz do
polymerizacnej teploty 105 °C. Pri teplote 30 °C
sav ziskaju polyetylény s molovou hmotnostou
4 000 000 g/mol, pri teplote 90 °C
s 500 000g/mol. Distribacia molovej hmpotnosti
je vrozsahu 2-15 v dosledku stérickej izomérie
pentalénového ligandu. Niektoré z komplexov su
aktivne pri polymerizacii propylénu. Takticita
ziskanych polypropylénov méze byt zmenena zo
syndiotaktickej na izotakticki  nahradenim
cyklopentadienylovym kruhom.
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Pre  Stadium  Specifickej morfolégie
a mikroStruktury je vhodna aj citlivd vibracna
spektroskopia, ktorou bolo skimanych 6 vzoriek
metalocénovych syndiotaktickych PP v rozsahu
26 — 96 rr [16]. Boli pozorované zmeny v IR
a Ramanovych spektrach v pomaly chladenych
roztavenych  filmoch ako rbézne drovne
syndiotakticity spojené stromi typmi pikov:
rozstiepenie, posun vinovej dizky azmena
intenzity piku. TieZ bola pozorovana vseobecna
tendencia zvy3Senia molekulového poriadku (napr.
usporiadané konformacie retazcov, zvySena
kryStalinita) so zvy3enim stupnia syndiotakticity.
Velmi zaujimavé spektrdlne chovanie je
pozorované u vzoriek S priemernou
stereoregularitou (49 rr). Predtym nepozorované
piky sa objavili naznacujuc pritomnost’ (eSte
neidentifikovanych) ,,prechodnych* Struktar -
moZno neusporiadanych modifikacii krystalickej
formy 1. Zda sa, Ze tento priemerny stupen
stereoregularity bude kritickym bodom alebo
prahom (hranicou) pod ktorym PP retazce nie su
schopné ziskat' charakteristické 3pirdlové alebo
planarne cikcakovité konformacie.

Zda sa, Ze flexibilita indenyl ligandov
v metalocénovych katalyzatoroch je kI'd¢om
k riadeniu tvorby defektov v stereoStruktire. Typ
a distribucia defektov ma podstatny vplyv na
dizku izotaktickych sekvencii apreto tieZ na
mechanické vlastnosti. Syntéza asymetrickych
ansa-metalocénovych katalyzatorov,
polymerizacny mechanizmus a chain-transfer
reakcie su Studované [17], pricom ich prinos je

v priprave materidlov s vlastnostami  medzi
termoplastickymi  elastomérmi  a huzevnatymi
polypropylenmi.

Mostiky v ansa-metalocénovych komplexnych
katalyzatoroch maju doélezity vplyv na aktivitu
katalyzatora a vlastnosti polyméru ako st molova
hmotnost™ a takticita, najma ked’ zmeni Struktara
(framework) katalyzatora [18].

Vysledky dalSej Studie ukazuja na to, Ze
katalyticka ucinnost’ pri priprave metalocénovych
polymérov silno zavisi na centrdlnom atome
ansa-fluorenylamidodimetyl komplexov atiez
pouZzitych kokatalyzatorov [19].

Porovnanie pripravy a vlastnosti membran zo
syndiotaktického metalocénového polypropylénu
(sPP) pripravenych termicky indukovanou
fazovou separéciou a izotaktickeho
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metalocénového polypropylénu
s podobnymi  molovymi  hmotnostami  bolo
uvedené v dalSom prameni [20]. Fazové
diagramy sPPa iPP sdifenyléterom ako
rozpustadlom boli ziskané a 3 vzorky membran
zsPP a3 wvzorky ziPP boli pripravené
a vyhodnotené vzhladom na ich Struktaru porov,
prietoku plynu, rozdelenie tekutiny (bod bublin)
a priepustnost’ vody. Dve vybrané membrany,
jedna ziPP ajedna zo sPP boli analyzované
z hradiska morfologie v hmote (difrakcia X
lucov) amechanickych vlastnosti (pevnost).
Membrény boli pripravené za rovnakych
podmienok, ale tie zo sPP mali menej navzdjom
spojenych pérov a menej porovity povrch ako tie
ziPP. VSeobecne bola nadend mensia
permeabilita u SPP membrén, ¢o bolo pristidené
rozdielom v morfoldgii porov. Analyza difrakcie
X licov ukézala, Ze sPP membrany mali vy3si
obsah amorfnej fazy ako porovnavané vzorky
z iPP amechanicky test odhalil zretelné tazné
chovanie sa sPP vzoriek, ¢o pomohlo vysvetlit
niz8ie permeability sPP membran a ich zavislost
na tlaku.

Izotakticky Ziegler-Nattovsky PP (iPPZN)
a metalocénovy typ PP (iPPM) boli, pouZité na
zistenie  vplyvu molovej hmotnosti ajej
distribdcie na fazové diagramy (PP — difenyléter)
systému a morfoldgiu membran pripravenych
z tychto systémov [21]. Experimentalne bolo
zistené, Ze molova hmotnost’ ajej distriblcia
vplyvali  na  umiestnenie  bodu  zakalu
a morfolégiu membran pripravenych termicky
indukovanou fazovou separaciou (TIPS). Vplyv
na bod zakalu bol pri¢itany entropickému
a entalpickemu vplyvu. Vplyv na morfologiu zasa
zmenam pri periéde rastu azmenam viskozity
systému. VSetky tieto faktory s vo vztahu
s typom katalyzatora pouZitého pri priprave iPP.

Na sledovanie vplyvu  mikroStruktury
(takticity) polypropylénu na fazove diagramy
(PP—difenyléter) a morfologiu membran
syndiotaktického (sPP) a izotaktického (iPP)
polypropylénu boli pouzité sPP a iPP s podobnou
priemernou molovou hmotnost'ou pripravené
pouZitim metalocénovych katalyzatorov [22].
Bolo experimentdlna najdené, Ze mikroStruktdra
polypropylénu ovplyvnuje umiestnenie
binodalnej  krivky a morfolégiu  membran
pripravenych termicky indukovanou féazovou
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separaciou (TIPS). Vplyv na binodalnu krivku
bola pricitand na vrub stereochemickym efektom,
tuhosti retazca alokdlnemu uloZeniu retazca
a v zasade najma viskdznym efektom a zmenam
v periode rastu. Kone¢nd morfolégia sPP
membran sa  vztahovala na  ohybnost
polymérneho retazca aoblickovania vzorky
pocas extrakcie difenyléterom a suSenia vzorky.

Pozoruhodné  katalyzatory  pre  Zivd
polymerizaciu etylénu a syndioselektivnu
polymerizaciu  propylénu  popisali  autori

v literatdre [23]. Charakteristika a mechanizmus
Zivej polymerizécie pomocou bis(fenoxy-amin)
Ti complexami (Ti-FI) kombinované s MAO
(zvl&t jeho fluorované verzie) s0 popisané
aetylén polymerizuje spésobom, ktory sa da
prisne kontrolovat’ a pri teplotach az do 50 °© C.
NavySe, napriek tomu, Ze su to C,-symetrické
katalyzatory fluorované Ti.FI/MAO katalyzatory
umoznuju vysoko selektivnu Zivu polymerizaciu
propylénu asu v sGcasnosti prvym prikladom
katalyzatorov, ktoré davaju Ziva a sicasne vysoko
stereoselektivnu polymerizéaciu propylénu.. Tieto
fluorované katalyzatory dovol'uju pripravit’ Siroky
sortiment unikatnych Zivych polymérov. Na
zaklade teoretickych vypoctov i
experimentalnych vysledkov moZno usudit, Ze
neobycajné polymerizacné moznosti
fluorovanych Ti-FI katalyzatorov vyplyvaju so
zaujimavej interakcie medzi ligandom a rasticim

polymérnym retazcom alalebo meniaci sa
charakter katalyzatora spojeny s2,1-
regiochémiou. Je to vsilnom kontraste so
skupinou  4-metalocénovych katalyzatorov
zaloZzenych na prisne organizovanej sieti
ligandov.

Nové chirélne ansa-metalocénové katalyzatory
[24] boli syntetizované a pouziteé
s kokatalyzatorom MAO pre izoSpecificku
polymerizaciu propylénu. Vplyv polymerizacnej
teploty na aktivitu polyreakcie, mikroStrukturu PP
a vlastnosti polyméru boli sledované a porovnané
s polymérom pripravenym s pouZitim bezného
katalyzatora za rovnakych podmienok. Novy
katalyticky — systtm mé& pri  polymerizécii
propylénu vysoku aktivitu v intervale teplot 50-
70 ° C tlaku 1 atm propylénu. Vyhodou
polyméru pripraveného novym katalytickym
systétmom je zvySena stabilita pri zvySenych
teplotach, vykazuje velke zlepSenie
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stereoregularity s [mmmm] =92 % a T, = 146 °
C vporovnani sbeznym Kkatalyzatorom, ktory
dava [mmmm] = 82 % a T, = 134 ° C za tych
istych podmienok polymerizécie.
Regio3pecificnost’ noveho katalyzatora je tieZ
lepSia ako porovnavaného.

PouZitim  stéricky  tieneného,  vysoko
izoSpecifického katalytického systému rac-Ma,Si|[
2-Me-4-Naph-Ind],ZrCl,/MAO  bol  zisteny
prenos retazca na hlinikovy kokatalyzator ako
prednostny jav pri polymerizécii propylénu.
Spravnym nastavenim polymeriza¢nych
podmienok v¢itane teploty a pomeru Al/Zr tento
transfer zabezpecil pripravu hlinikom
ukonceného  izotaktickécho PP s vysokou
selektivitou koncovych skupin a regulovanou
a Uzkou distribuciou molovou hmotnost'ou [25].

Syntéza symetrickych alkylidénovych
premostenych dvojjadrovych zirkonocénovych

komplexov [MAO, trifenyl tetrakis
(pentafluorfenyl)boréatu- 1 atris
(pentafluorfenyl)boranu-2] a vplyv ich
Strukturnych parametrov aroznych

kokatalyzatorov na homogénnu polymerizaciu
propylénu boli popisané [26]. Dvojjadrove
katalyzatory vykazovali vysSiu polymeriza¢ni
aktivitu ked’ boli aktivované MAO. Aktivacia s 1
davala PP svy3§im stupniom izotakticity.
V porovnani s monojadrovymi  komplexami
dvojjadrové, aktivované MAO dosahovali vysSiu
aktivitu polymerizécie propylénu a ziskany PP
zabezpecili vysSiu molovu hmotnost’.

Nové premostené Kkatalyzatory hafnia boli
zosyntetizované apouzité pri  polymerizacii
propylénu  [27].  Tieto  zlG¢eniny  boli
v pritomnosti MAO aktivne katalyzatory pre
polymerizéciu propylénu, pricom sa ziskali vysSie
teploty tavenia (T, = 160-161°C) a moloveé
hmotnosti, hoci ich aktivity boli nizSie ako pri
pouZiti katalyzatorov zirkonu.

pat druhov novych komplexnych
katalyzatorov zirkonu obsahujacich 1-bifenyl-
3,4-dimetyl  cyklopentadienylové ligandy bolo
zosyntetizovanych, charakterizovanych RTG
difrakénou metodou a pouZitych pri polymerizacii
etylénu [28]. Tieto katalyzatory poskytovali
svel'mi vysokou polymerizacnou aktivitou
vysoko hustotny polyetylén. Vykazuju tiez dobru

aktivitu  pri polymerizacii  propylénu, ale
poskytuju takmer atakticke, amorfné
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polypropylény s malicko vy3Sou hodnotou
[mmmm] pentéad.
Zmeny vchovani sa  metalocénového

izotaktického PP pocas prvych S§tadii nizko
teplotnej  termooxidacie boli  zaznamenané
pomocou DSC a DMA metdd [29]. DSC analyza
potvrdila zmeny krystalinity a karbonylov
v pdvodnom metalocénovom PP (Polym Deg
Stab 83, 2004,509) ako i v indexe degradability.
Podla DMA analyzy su s priebehom relaxacie
a chemickych reakcii spojené zmeny o- avy-
foriem.

Analyza krystalizaéného chovania sa frakcii
elastomérneho polypropylénu (ELPP)
pripraveného s tetraalkyl zirkdniom na nosici
Al,O; ukazala [30], Ze je zloZzeny najméa
z amorfnych frakcii (v éteri rozpustnych - 40 %
av pentane rozpustnych — 26 %) a vykazuje
elastické vlastnosti v désledku vysokej molovej
hmotnosti retazcov vsetkych frakcii
a krystalizécii izotaktickych sekvencii
pritomnych v stereoblokoch.

Boli zosyntetizované dve série polypropylénov
s dvomi réznymi metalocénovymi katalytickymi
systémami a s r6znymi molovymi hmotnostami
aich izotermalna  krystalizadcia  z taveniny
a chovanie sa pri taveni bolo Studované pomocou
DSC metody. Kinetika tejto krystalizacie bola
analyzovana pomocou réznych makrokinetickych
modelov (Avrami, Malkin, Urbanovici, Segal)
aefektivna  aktivaénad energia  vyjadrujica
izotermalnu  kryStalizaciu  bola  stanovena
aproximaciou podla Arrhenia zo ziskanych
krystalizacnych konStant Avramiho rovnice [31].

Pouzitim rac-etylénbis(indenyl)zirkonium
dichloriduMAQO katalytického systému bolo
zosyntetizovanych 5 réznych izotaktickych
metalocénovych vzoriek s molovou hmotnostou
vrozsahu 3000 - 41000 [29]. Chemicka
a konfigurac¢na Struktura boli Studované pomocou
3C NMR aFTIR, teploty tavenia a krystalinita
pomocou DSC a- a y-relaxacie ateplota
sklovitenia pomocou DMTA. Termicka stabilita
vzoriek bola sledovand chemiluminiscenciou
emitovanou pocas termickej oxidacie. Ziskané
vysledky boli porovnané s vysledkami ziskanymi
pre izotaktické Ziegler-Natta polypropylény
s porovnate'nymi molovymi hmotnostami [32].

NMR analyza bola pouZitd pre Stadium
koncov retazca, ich Struktary a popis
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mechanizmu ich polymerizdcie u3 typov
metalocénovych homopolymérov pripravenych
s katalyzatormi:  Cp,ZrCl,, En(Ind).ZrCl, a
iPr(C,)(Flu)ZrCl; [33].

Nepremosteny  metalocenovy  katalyzétor
bis(2,4,6-trimetylindenyl)zirkénium dichlorid (1)
bol  zosyntetizovany ajeho vplyv na
polymerizaciu propylénu v porovnani s bis(2,4,7-
trimetylindenyl)zirk6nium dichlorido  (I1) bol
Studovany. Rozdiel v umiestneni metylovych
skupin mal len zdanlivy vplyv na polymeriza¢nu
aktivitu i mikroStruktaru, ktoré boli takmer
rovnaké v intervale teplét polymerizécie 0 — 25°C
[34].

Studium nizko teplotnej termickej degradacie
metalocénového izotaktického polypropylénu
(iPP) poukazalo na to, Ze zvySenie T, je spojené s

krystalickou asociaciou spbsobenou
fyzikalnochemickymi  zmenami  vytvaranymi
v kazdom Stddiu termickej oxidacie [35].

V prvom Stadiu je to fyzicka reorganizacia malej
Casti krystalitov s najvy$§im T, pocas indukcnej
periody, pred akoukol'vek nevratnou chemickou
zmenou apotom su selektivne premiestnené
v autoakceleraénom Stadiu. Téato analyza ukazuje

nielen to, Ze krystalicka faza tohto iPP je vysoko

metastabilnd, ale tiez to, Ze zvySenie Tp
asociaciou je spojené s oxidaciou.
Vyznam  homogénnych  metalocénovych

stereoSpecifickych katalyzatorov spociva v tom,
Ze je mozné pripravit polypropylén vo forme
stereoblokov , v ktorych prediZenie vytvori
docasné presietenie, ako elastomérnu priestorovi
Struktaru. Fakt, Ze tieto elastoméry su
termoplastické ateda reverzibilné  zvySuje
vyznam uréenia vzajomného vztahu Struktira —
vlastnosti. 'V nasledujlcej literature [36] sU
popisané zavislosti ich fyzikalnych vlastnosti na
obsahu izotaktickych pentad, molovej hmotnosti
amoznej krystalizacii indukovanej napatim.
Hodnotenie termickych vlastnosti i mechanické
testy, Ze s0 to multifazove, huzevnaté
elastomérne materialy.ich moduly a pevnost
v tahu stdpaju so stOpajacim obsahom pentad
aso stupajucou molovou hmotnost'ou. Merania
napétia a deformacie ukazuju na vyskyt napatim
indukovanej krystalizicie, ale iba v jednom
smere, nie v biaxialne.

Tri nové Cs; — symetrické ansa-hafnocénové
komplexné katalyzatory boli zosyntetizované
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a pouzité pri polymerizécii propylénu pricom sa
ziskali ciasto¢ne syndiotaktické polypropylény
s vel'mi vysokou molovou hmotnost'ou [37]. Bol
tieZ sledovany vplyv substitlcie metoxy- a metyl-
substiticie v mostikoch na aktivitu, takticitu
a molovu hmotnost’. Tieto katalyzatory v spojeni
s MAO boli aktivne do teploty polymerizacie 90°
C a produkovali 55.000kg polyméru za hodinu na
1 mol katalyzatora. Molova hmotnost” ziskanych
elastickych  polypropylénov  dosahovala 2,2
milién g.mol™.

Kinetické Studie syndioSpecifickej
polymerizécie propylénu s iPr(Cp)/Flu)zrCl, (1)/
MAO pri teplotach 20, 40 a70 °C a5 atm,
s roznym moélovym pomerom MAO/I preukazali,
Ze priemerna polymerizac¢néa aktivita sa pocas 60
min zniZovala ac¢as potrebny na dosiahnutie
maximalnej aktivity (tma) Sa znoZoval so
stipajacim  pomerom MAO/I.  AvSak pri
molovom pomere MAO/I = 10000 katalyticka
akomkol'vek pomere MAO/I po 20 min
polymerizécie. Stereoregularita bola silno zavisla
na polymerizacnej teplote aaktivne miesto
izomerizacie bolo rozhodujucim zdrojom pre
stereoregularitu  abolo  silno  ovplyvnené
polymerizac¢nou teplotou [38].

PouZitie beznych kokatalyzatorov na podporu
polymerizécie propylénu je popisané v literatire
[39]. Homopolymerizacia propylénu  bola
uskuto¢nena s Me,Si(Ind)ZrCl, ukotvenom na
komercnom  kremiku modifikovanom MAO
(SMAO) technikou ,,in situ“. Saturacnad Uroven
bola dosiahnuta pri pomere 2.0 % hm. Zr/SMAO.
Ukazalo sa, Ze katalyticky systém je aktivny aj
bez externého MAO ak sa aktivuje beznymi
alkylaluminiovymi kokatalyzatormi ako
trietylaluminium (TEA), izopropenylaluminium
(IPRA) atriizobutylaluminium (TIBA). Boli
charakterizované  pripravené  polyméry a
zhodnotené povaha a koncentracia kokatalyzatora
na  katalyticki  aktivitu ana  vlastnosti
polypropylénu. NajvysSia katalyticka aktivita
bola pozorovana pri pouZiti IPRA - 1.4 kg PP/g
kat.h.

Bis(fenoxy imin)titanové komplexy nie su sice
metalocénocé katalyzatory avsak v spojeni
sMAO mobzu byt aktivne Kkatalyzatory pri
polymerizécii etylénu a prekvapivo produkuju aj
syndiotakticky polypropylén [40]. Substittcie na
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fenoxyiminovych ligandoch majd podstatny
vplyv na polymerizciu etylénu a propylénu.
Najma priestorovo objemné substituenty v polohe
orto  k fenoxyoxygénu su zakladom pre
dosiahnutie vysokej aktivity a vysokej molovej
hmotnosti pri polymerizécii etylénu a vysokej
syndioselektivity pri polymerizéacii propylénu
kontrolovani  koncami retazcov. NajvySSia
polymeriza¢nd aktivita pre etylén — 3240 kg/mol
kat.h bola dosiahnutd s komplexom majucim terc-
butyl skupiny v polohe orto k fenoxyoxygénu
a predstavuje najvysSiu  dokumentovanu pre
nemetalocénové, na Ti zaloZené Kkatalyzatory.
NavySe pripraveny polypropylén vykazuje T, =
140 ° C asyndioselektivitu, rrrr = 83.7 % (pre
komplex s trimetylsilyl skupinami v polohe orto
ku fenoxyoxygénu), ¢im patri medzi najvyssie pre
polypropylén pripraveny mechanizmom
kontrolovanym koncami retazcov. Tieto titanové
komplexy su teda zriedkavé  priklady
nemetalocénovych katalyzatorov, ktord  sU
uzito¢né pre polymerizaciu nielen etylénu, ale aj
propylénu.

Binarny metalocénovy katalyzator na nosici je
popisany Vv literatare [41].

Linearne viskoelastické vlastnosti skupiny
metalocénovych homopolymérov propylénu boli
sledované v casti ,platd”“ av koncovej casti
krivky [42]. V casti platé boli ziskané nizke
hodnoty modulu okolo 4.8x10° Pa. Tieto
vysledky sa liSia od tych, ktoré boli uvedené vo
viacerych  predchadzajacich ~ Stadiach  pre
konvenény amorfny polypropylén. Ako bolo
zdo6raznené predtym pre  metalocénové
polyetylény, pozorované reologické chovanie
bolo podané ako moZné zniZenie hustoty
zapletenia a/alebo zvy3enia ohybnosti retazcov
vzhladom kinym polymérom podobného
chemického zloZenia. Nasledne bol aplikovany
jestvujaci model (zaloZzeny na zjednoduSenej
molekulovej dynamike), ktory umoznil presny
popis dynamickéeho modulu vyplyvajuceho zo
znalosti  distribacie  molovych  hmotnosti
a materialovych reologickych konstant Gn° ano,
Tato metdda bola UspeSne pouZzita na viaceré typy
polymeru.

Pre posudenie katalytickej aktivity ansa-

premostenych  metalocénovych Katalyzatorov
typu  [(ligandl)-mostik(ligand2)]MX;,  (kde
ligandy 1 a2 boli rbzne substituovanée
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cyklopentadienyl, indenyl alebo fluorenyl
skupiny spojené navzajom cez SiMe; alebo C;H,
aM je Ti, Zr alebo Hf a X je halogén alebo
alkylova skupina) bol zavedeny ,parameter
asymetrie” (AP). Je to pomer van der Waalsovej
plochy povrchu vécSieho ligandu a mensieho
ligandu. Pre overenie platnosti tohto parametra
bola pre polymerizéaciu propylénu pouZita séria
takychto  syndioregulacnych katalyzatorov
aukazalo sa, Ze ked vzrastie parameter AP
pripravené polypropylény maji podstatne vyssiu
syndiotakticitu. Je uvedeny aritmeticky vzorec
pre vypocéet AP novych katalyzatorov [43].

Viaceré metalocénové katalyzatory
s centralnym atdbmom Zr  alebo Hf
a kokatalyzatorom  organoboranom v spojeni

s trialkylaluminiom umoZnuju Zivu polymerizaciu
propylénu pri nizkych teplotach (-50 a -78 °

C)[44].

Vyroba termopojenych textilii  zahiia
vzajomné vztahy pocetnych premennych pocas
procesu. Rozvoj morfologie  vlakien je
ovplyvneny  ariadeny  premennymi pri
zvlaknovani. Vlastnosti textilii s0 podstatne

ovplyvnené vlastnostami vléakien, z ktorych su
zloZzené, Struktirou textilie apodmienkami
pojenia. Pochopenie vztahu medzi parametrami
procesu a vlastnostami je zakladom ak majd byt
Ziadané  vlastnosti kone¢ného  vyrobku
predpovedané a vytvorené nastavenim
podmienok procesu pripravy. VIakna a textilie z
dvoch typov polypropylénu (mPP a ZNPP)
spracovanych na pilotnej linke pre termopojenie
boli porovnavané z hradiska ich Struktary
a vlastnosti ako krystalinita, dvojlom, hustota,
termomechanicka stabilita a mechanickeé
vlastnosti. Ukazalo sa, Ze Struktura a vlastnosti
vlakien z metalocénového PP boli ovela lepsie
ako vlékien zklasického PP pripraveného
s Ziegler-Natta katalyzatormi [45].

Pri G¢innom pigmentovani polypropylénu su
v sUcasnej dobe nevyhnutné dispergacne cinidla,
medzi ktoré sa UspeSne zaradili aj mikronizované
a metalocénové vosky, tak ako je to popisané
v literature [46].

Fyzikalne vlastnosti metalocénového
polypropylénu zavisia na jeho mikrostrukture,
ktord je dana striedanim stereoregularnych
a stereoiregularnych  (ataktickych) segmentov
v retazci. MikroStruktara zavisi na rdznych
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polymerizacnych parametroch a pre skimanie jej

regularity je dOlezita izotakticka pentada
[mmmm]. Zavislost fyzik&lnych vlastnosti
metalocénového PP na molekulovej

mikroStruktire bola skumand experimentalne
i teoreticky (pouZijuc Metropolis Monte Carlo
techniku). Ukazalo sa, Ze limitné viskozitné ¢islo
a charakteristika polyméru su silno ovplyvnené
stereoregularitou polymérnych retazcov, ktoréa
bola prisidena moznému priestorovému tieneniu
susediacich ~ bo¢nych  metylovych  skupin.
Zavislost’ fyzikalnych vlastnosti PP na inom
usporiadani ako je gyra¢ény polomer, neprerusena
dizka amolova tuhost boli tiez skimané ako
funkcia roznej stereoregularnej mikroStruktary.
Ukazalo sa, Ze efekt plyndci z priestorového
tienenia bo¢nych (metylovych) skupin je
zakladnym principom pre zavislost’
mikroStruktdry od konfigurécie stereoblokoveho
polypropylénu [47].

Teplota sklovitenia T, amorfného podielu
polyméru ako parameter elastického chovania sa
priamo suvisi s velkostou volného objemu
vakancii. Meranie Zivotnosti pozitronov dava
obraz o priemernej velkosti vakancii av rade
linearnych poly(a-olefinov) polypropylén — poly-
1-eikozéan pripravenych pouZitim metalocénovych
katalyzatorov bol najvacsi priemerny objem
vakancii namerany pre poly-1-dodecén (0.205
nm® pri Ty =166 K) a najmensi pre polypropylén
(0117 nm® pri T, = 262 K). Sagasne bol
navrhnuty model pre urcenie T4 z experimentalne
zistenych objemov vakancii [48].

Moznosti vyuZitia jestvujucich stabilizatorov
a stabilizujucich systétmov na UV stabilizaciu
metalocénovych polyolefinov si posidené (z
praktického i teoretického aspektu) v d’alSej préaci
[49]. Dolezit¢é je posudit  znaSanlivost
stabilizatorov pri najviac pouZivanych
koncentraciach. Zistilo sa, Ze nie je podstatny
rozdiel medzi beznym vysokotlakym PE (PE-
LD), linedrnym nizko-hustotnym PE (PE-LLD)
a metalocénovym polyetylénom (m-PE). Pri
polypropyléne nie je znaSanlivost’ taky problém
ako u PE. Ziskané vysledky ukazuju, Ze skimané
UV absorbéry a tienené aminy (HALS) vykazuju
porovnatelni UV stabilitu u PE-LD, PE-LLD
a m-PE. Podobné vysledky boli ziskané aj pre PP,
pricom Zivotnost m-PP atretej generéacie
konvencnych PP boli (pri umelych podmienkach)
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porovnatel'né. Pre PP UV stabilita stupa linearne
s koncentraciou HALSu, pre m-PE a PE-LLD je

acinnost”  priamo Umerna druhej mocnine
koncentracie HALSu. Ztychto adalSich
doplnujucich vysledkov vyplyva, zZe
mechanizmus degradacie a stabilizacie,

vypracovany pre predoSlé typy polyetylénu
a polypropylénu je v podstate rovnaky aj pre
metalocénové polyolefiny.

Pod’akovanie: Tato praca bola podporovana
Agentdrou na podporu vyskumu avyvoja na
zaklade zmluvy ¢. APVV-0226-06.
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Knizné novinky

New Arrivals

Smart fibres, fabrics and clothing
( Inteligentni viakna, textilie a odévy)

Editor: Tao X., Woodhead publishing, Cambridge, England, CRC press, Boca Raton USA

Predkladany knizni titul je prvni svého druhu
v textilni literature. Predstavuje vybér témat
z pomérné nové oblasti inteligentnich (chytrych)
textilii. Kniha ma 17 stran bibliografického a 316
stran odborného textu. Pro rychle rozvijejici se
obor chytrych textilii jde o pomérné strucné
zpracovani  oboru, soustied’ujici se na
Prudky rozvoj védy a technologie ve 20. stoleti,
nazvany védeckotechnicka revoluce, ovlivnil
nejen rozvoj inovaci ve vSech odvétvich
pramyslu, ale zapasobil na Zivot kazdeho z nés.
Rozvoj mikro- a nanoelektroniky,
nanotechnologie,  informac¢nich  technologii,
genetického inZenyrstvi a dalSich oborta ovlivnil
techniku a mysleni celého svéta. Tento rozvoj
nanostruktur a nanotechnologii musel zé&konité
proniknout také do textilnich obora. Vysledkem
je pak novy interdisciplindrni textilni obor, obor
inteligentnich a interaktivnich (chytrych) textilii .

Knihu o 17 kapitolach zpracovalo 26 odbornikt
z Asie (Cina, Korea, Japonsko, Hong Kong),
Ameriky (USA), Evropy (Svycarsko, Némecko,
Finsko) pod vedenim X. Taoa z Hong Kongske
univerzity. Tematicky je rozdélena na Ctyii ¢asti.
Prvni  znich tvofi prvni kapitola, ktera
piedstavuje koncepci a zadméry knihy. Druhou
cast tvori kapitoly od treti po devatou, které se
vénuji inteligentnim  vldknam.  Tieti ¢ést
s kapitolami 10 aZz 12 je vénovana jiz ploSnym
textilnim Gtvaram a konecéné kapitoly 14. az 17.
se zabyvaji inteligentnimi adaptivnimi
soustavami ve vztahu k biologickym strukturam.

Nyni si povSimneme jednotlivych kapitol
podrobnégji. V prvni kapitole sam editor uvadi
zakladni pojmy chytrych (inteligentnich) textilii,
které jsou délené na pasivni, aktivni a interaktivni
(adaptivni) chytre textilie. Jako model a vzor
interaktivni (adaptivni) textilie je uvadéna bunka
Zivych organismi. Technologie chytrych textilii
je zamétena na cidla a na integrované procesy a
vyrobky. Druhd Kkapitola je zamétena na
elektroaktivni polymery, a to na aplikace
neiontovych polymerovych gelia a umélych svald.

Vlakna a textil 14 (3-4) 64-66 (2007)

V treti kapitole najdeme pojednani o akumulaci
tepla v textiliich a o jejich tepelné regulaci. Ve
¢tvrté kapitole je pojednano o tepelné izola¢nich
matrialech a textiliich. Pomérné kratkd pata

kapitola obsahuje zpracovéani zesitovanych
specialnych  vlaknovych  substratd,  které
piedstavuji  multifunkéni  a  mnohoucelové

inteligentni materialy. V Sesté kapitole se autofi
soustred’uji na hydrogelové 3D prostorové siteé,
které jsou schopné reagovat na nejraznéjsi
podnéty, a to na elektrické pole, na zmény pH,
teploty, mechanického napéti, na pusobeni
raznych chemikalii, které zpasobuji bobtnani a
srazeni gelové sité. Vyuziva se jich k oddélovani
chemikalii a pro lékairské ucely k dodavani 1éku.
Nejvice se osvedcily pro tyto ucely gely smési
polyvinylalkoholu (PVA) s polymerem kyseliny
akrylové (PAAC) tj. PVA/PAAC. Tyto smési jsou
piipravovany polymeraci ultrafialovym zéienim
nebo technikou cyklickeho taveni. Vnéjsi vlivy
zpusobuji bobtnani a srazeni geli a tim se méni

jejich  propustnost, difuze a uvolnovani
absorbovanych latek.
Sedma kapitola pojednava o propustnosti

polymerovych membran vnéjSimi vlivy. Povrchy
membran jsou opatreny zesitovanymi
polymerovymi PAAC a N-
izopropylakrylamidovymi (NIPAAmM) vrstvami.
Vrstvy se situji ultrafialovym zarenim nebo
plazmaticky. Vrstvy slouzi v lékaistvi napi. k
propousténi insulinu. PAAc a NIPAAmM se
nanaSeji na  povrch  polyamidovych a
polysulfonovych membran. Propustnost membran
se fidi vétSinou zmeénou pH vnéjsiho roztoku.

Kapitoly osmé, devatd a desatd jsou vénovany
vlaknovym braggovskym miizkam (VBM) jako
cidel nejraznégjSich podnéta, a to zvlaste
mechanickych pnuti a teploty. Pouzivaji se pro
meieni  vkladanim do kompozitd nebo i
v textiliich. Lze jimi uréovat vlhkost, chemické
sloZeni povrchi, pusobeni chemikalii,
vycesavani, adhezi povrchovych vrstev na
rozhrani textilnich kompoziti. Optickd vlakna,
které jsou zakladem VBM lze snadno vladat do
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tkanin, pletenin i rounin (netkanych textilii).
Opticka vlakna jsou tvoiena jadrem s velkym
indexem lomu a plaStem s niz8im indexem lomu
proti jadru. VIakno je navic chranéno proti
poSkozeni ochrannou vrstvou. Braggovska
miizka se vytvaii periodickou zménou indexu
lomu, periodickou zménou absorpce, nebo vrypy
na povrchu vlakna. Nejcastéji se vyuzZiva
holografické vytvéieni periodickych zmén ve
vlakné a technologii fazovych masek. Periodické
prostiedi pak vytvaii difrakéni Braggovu miizku.
Pasobenim vngjSich vliva se miizka meni a tim
meéni i prachod svétla. Ztéchto zmén pak
urcujeme hodnoty métenych veli¢in. V devaté
kapitole je pak fteSena otdzka meéteni pnuti
v materidlech na VBM. V desaté kapitole
najdeme pak opticka vldkna integrovana
v textilnich kompozitech pro méfeni teploty,
tlaku a dalSich velicin  uzitim VBM
zabudovanych do textilii. Je vni popsano
soucasné meéfeni teploty a axidlniho a
multiaxionalniho pnuti s teplotou. Jsou v ni
popsany spolehlivost a presnost méieni pii
uzivani VBM.

11. kapitola pojedndvd 0 membranach
vytvoienych z dutych vlaken slouzicich jako
separatory plynt. Problém tvorby membran a
jejich vyuziti k separaci plynu je stary kolem 200
let. Vroce 1940 se pokouSeli badatelé vyuZit
membrany Kk separaci izotopt UFg Vv jaderném
vyzkumu. Separace plynta UFg s izotopy uranu
bylo méalo Gc¢inné. DalSi pokrok v konstrukci
acinnych separa¢nich membrén bylo vytvoieni
membran s dutymi vlakny, cozZ je také predmétem
11 kapitoly.

12. kapitola nazvana ,,vySivani a chytré textilie*
jiZ svym ndzvem vypovida o vyuZiti vySivani pfi
konstrukci inteligentnich textilii. V kapitole je
ukézéano, jak lIze vysivani plodnych Gtvart vhodné
vyuzit kuskuteénéni chytrych textilii. Diive
uzivané vysivani se v soucasnosti rozsitilo do
technologie tvorby inteligentnich textilii. Lze jim
znackovat vyznamnad mista, pripadné vodivé
kontakty v textiliich a uskutecnovat i plosné
klavesnice pro pocitacovou techniku
implantovanou do interaktivnich textilii.

13. kapitola je nazvana ,,adaptivni a interaktivni
textilie”“. V dob¢ rozvinuté vypocetni techniky a
informacnich technologii se jevi realizovatelné
implantovat tyto pokrocilé techniky do textilii a
ziskat tak prabézné informace o déjich v lidském
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téle, o informacich lidského téla s okolim s jejich
trvalym zaznamem a reakci na zjiSténé
skute¢nosti. S prvni vyvinutou inteligentni textilii
v podobé odévu se setkdvdme pod nazvem
Georgia Tech Wearable Motherboard shirt. Jde o
v odévu nositelnou zakladni textilii vyvinutou pro
vojenské Ucely, kterda ma oznamovat proniknuti
stiely do téla vojaka nebo monitorovat jeho
zdravotni stav. VyuZivani této inteligentni textilie
se preneslo i do mediciny. Pomoci ni Ize snimat i
elektrokardiogramy pacienti. Jde zatim o
nejinteligentnéjsi a nejinteraktivnéjsi textilii.

14. kapitola je o konstrukcii zimniho obleku na
snézna vozidla. Vznikla na Finské univerzité
vroce 1998. Po rocnich  mySlenkovych
projektech se zacalo srealizaci. Tak vznikl
chytry odév selektronikou a monitorovacim
zatrizenim k hodnoceni télesné teploty, tlaku,
tepu, cinnosti srdce a pod. pii jizdach na
sn¢znych dopravnich prostiedcich. 'V odévu
najdeme i vyhiivanou kapsu se sa¢ckem pro vodu
k piti ziskanou z roztaveného ledu. Prototyp
tohoto obleku, ktery vznikl kooperaci vsech
védeckych disciplin  ukézal, Ze projekty
budoucnosti se vyplati. | kdyZz nebyly vyieSeny
vSechny poZadavky na tento oblek budoucnosti
jako je napt. jeho prani a od elektrického
vytapéni odévu bylo upusténo.

15. kapitola pojednédvé o technologii biopochodu
k ziskavani chytrych textilii a odévi. Najdeme
v ni pochody uUpravy viny pro jeji lepSi omak,
blizici se mohéru, enzymatické upravy baviny,
viny k ziskani bélosti a lesku a Upravy dalSich
piirodnich i syntetickych vlaken.

16. kapitola nese nazev inteligentni polymery
urcené pro biolékarské Siti. Rozvoj téchto
polymert se datuje rokem 1970. Jde o vyvoj
Vv Zivocgisnych tkanich degradovatelnych
polymert. Ukazalo se , Ze biodegradovatelné
textilie stvarovou paméti jsou vhodnymi
kandidaty Kk jejich  implantaci. Polymerové
materialy stvarovou paméti v sobé kombinuji
vysokou elasticitu az 150 % s vysokou
degradovatelnosti, takZze jsou vyhodné pro
chirurgickd pouZziti. Jejich vyroba je zatim
v n¢kolikakilogramovych mnoZzstvich.

17. kapitola s ndzvem textilni vystuhy v tk&nové
technologii se zabyvad smoznostmi nahrady
nejraznéjSich Zivocisnych, zvl&steé pak lidskych
tkanich. Casto se uZiva pro tyto materialy pojmu
Iékaiske textilie. Podle uZiti se déli na tii skupiny:
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1 na zdravotni a hygienicke textilie, 2. na
mimotélové pouZziti v lékarskych zatizenich
(umélé ledviny, ume¢la jatra, plice a pod.), 3.
chirurgické textilie a) neimplantovatelné, b)
implantovatelné (kostni nahrady, srde¢ni chlopng,
uméla kaze apod.). Implantovatelné textilni
struktury jsou vedeny v tabulce stejné tak jako
raizné textilni vystuhy uZivané v tkanove
technologii. V kapitole je definovana také idealni
tkanova vystuha. A najdeme vni i tkanové
vyztuhové materialy. Pro lékaiské ucely se proto
jevi textilie jako nejvyhodnéjSi materidly.
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Predkladana knizni publikace predstavuje
piehled zpracovani soucasné rozsahlé textilni
problematiky v pomérné struéném rozsahu. DalSi
rozSiteni pro praci na tématech jednotlivych
kapitol umoZnuji citace ke kazdé Kkapitole,
kterych je zastoupeno v celé knize na 800. Knihu
Ize doporugit viem, ktefi se zabyvaji rozvojem
textilni védy a pramyslu.

Lubomir Sodomka, lubomir.sodomka@volny.cz
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Acoustic Emission in Friction
(Akusticka emisia pri frikcii)

Editor: Baranov, V., Kudryavtsev, E., Sarychev, G., Schavelin,V., Elsevier Oxford 2007

Vroce 2007 byla vydana nakladatelstvim
Elsevier jedna z mala monografii o akustické
emisi (AE). Jde o diagnostickou metodu, jejiz
hlavni rozvoj pro prakticka vyuZiti se datuje od
druhé poloviny 20. stoleti, i kdyz vlastni jev je
zndmy jiZ od doby kamenné. Monografie je dilem
Ctyt  vyznacnych odborniki Moskevského
statniho vyzkumného Ustavu inZenyrské fyziky.
Kniha patii do inZenyrské ftady tribologie a
rozhrani pod cislem 53. Je zpracovana na 218
stranach. Editorem monografie je B.J.Briscoe.

Kniha obsahuje kromé Piedmluvy a Uvodu pét
kapitol (¢asti) a je zakoncena rejstiikem. AE patfi
dnes mezi velmi rozSitenou diagnostickou
techniku v materidlovém inZenyrstvi. | kdyZ jeste
neexistuje dokonala a jednoznacnéa teorie tohoto
jevu, experimentalni technika je na takoveé Urovni,
Ze se pouziva témer ve vSech materialovych
oborech, metalurgii, strojirenstvi,
automobilovém, leteckém, kosmickém,
chemickém, plastikaiském, dievarském a dalSich
pramyslech.  Ponévadz AE  patii mezi
nedestruktivni zkuSebni metody zajem o tuto
diagnostiku  neustale roste, a to zvlaste
v oblastech,  zabyvajicich se trenim a
opotiebenim, tj. tribologii orientovanou na fyziku
a chemii povrcha a jeva dotyku, materidly
tribosystému, technologii kontroly a na tribologii
pohyblivych soucésti, konstrukci tribosystému,
podminkami jejich monitorovani, zpracovanim a
analyzou tribologie. Ve v8ech uvedenych
oblastech je AE aplikovatelna.

Po kratké predmluveé vysvétlujici pojem AE,
nasleduje Gvod. V Uvodu je ukazano, Ze vyuZiti
AE pro tribologii si vynutila praxe a studium
tieni. Ukazalo se totiZ, Ze tieni ma ulohu v praxi
jak aktivni, konstruktivni pti pohybu soustav, tak
pasivni,  destruktivni,  ovlivaujici  zna¢né
energetické ztraty a dochazelo tak ke snizovani
selhani strojnich zatizeni. Proto je tieni a
opotiebeni neustdlym piedmétem studia a
vyzkumu. Zvlastni vyznam ma studium tieni
v jaderném pramyslu, kde treni pohybujicich se
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soucasti cerpadel, ochrannych a chladicich
soustav a turbin vyZaduji neustalou kontrolu,
kterou je mozné zajistit pravé AE. Ji je mozne
monitorovat provoz vSech soucésti a pfi
piedhavarijnim stavu soustavu zastavit. Podobné
je tomu i pfi vzniku trhlin v tlakovych nadobach
jadernych soustav. Kromé toho v jaderném
provozu vznikaji dalsi tribologické problémy. Jde
o tieni mezi tabletami jaderného paliva a plasti
paliva. Piestoze se problémy vztahi AE s
mechanismy tieni zabyva vyzkum jiz vice nez 50
let, nepodafilo se najit dosud vhodnou teorii,
kterd je stdle otevienym problémem. Témito a
dalSimi problémy souvislosti AE s mechanismy
tieni se zabyva predlozena monografie.

Prvni kapitola , Tieni pevnych latek a vznik
AE" se zabyva analyzou zdroju AE signéla pri
tieni  kondenzovanych latek. Pojednavd o
informacich, které nese AE signal, o moZnostech
AE pii diagn6ze a monitorovani provozu trecich
soucasti stroju a zatrizeni. Najdeme v ni Udaje o
zakladnich charakteristikdch AE a matematické
zéklady k hodnoceni AE signali.

Druha kapitola ,,Simulace AE pfi treni“. Jsou
v ni zpracovana uZitim matematické statistiky
takova témata jako je rozloZeni napéti kolem
mikrokontaktu, vyhodnocovani zmén na povrsich
pii treni, rozloZeni amplitud a rychlosti pulsa pii
AE, spektralni hustota AE, vypocet dynamického
modelu nestacionarni AE. Kapitola se odvolava
na prace tak vyznamnych teoretickych fyzika
jakymi jsou E. Adirovic a D. Blochincev.
Kapitola je dulezita, vychozi a Gvodni pro dalsi
teoretické prace v AE.

Treti kapitola s nazvem ,,Ptistroje a zatizeni AE
pro studium tieni* predstavuje  principy,
konstrukéni  feSeni  a  zakladni  technické
charakteristiky AE pristrojové techniky k studiu
tribologie materidla a antitfecich povlaka.
Obsahuje takova témata jako jsou zdroje Sumu
pii registraci AE a metody fizeni Sumu, uZivané
AE menice kregistraci AE pii tieni. Jsou v ni
uvedeny  charakteristiky  piezokeramickych
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snimacta  vétSinou na bazi  piezokeramiky
zirkonicitotitanata olova (LZT), kiemene a
lithium niobatu. LZT keramika je resistentni
k zareni neutronu a gama zareni, takZe je lze
uzivat i v jaderné technice. AE detektory jsou
cejchované lomem sklen¢né Kkapilary. Jsou
piedvedeny certifikdty AE snimaci uZivanych
autory na bazi LTZ. Jsou piedstavené vlastni AE
aparatury spolu s blokovymi diagramy a uvedené
charakteristiky aparatury typu RIF-MIFI a
charakteristiky RIF-MIFI-PR a celkove AE
zatizeni ke studiu treni FRIKCION-1 a
FRIKCION-P, FRIKCION-B, FRIKCION-K.
Zatizenim TREK-1 ke studiu tfeni jadernych
materialt je tieti kapitola zakonéena.

Ve ctvrté kapitole nazvané ,,Zakonitosti AE pfi
tieni jsou uvedeny ukazky a vysledky AE méieni
zakonitosti tieni a povlaka materidla sniZujicich
tieni. Jsou reSene tyto problémy: Vybér materialu
pro tfeni a materialu proti opotiebeni., vybér
vhodného rubrikantu, studium efektivnosti frikeni
jednotky. Mgieni je provadéno na pohybujicich
se trecich ploch. Jsou uvedend meéteni zavislosti
charakteristik AE na rychlosti tieni a zatiZeni.
Byla sledovana i AE rozruSeni lubrikac¢niho filmu
pii tieni povrcht a uréovana korelace mezi AE a
poskozenim trecich povrchi. AE se pouZiva pro
stanoveni optimalnich podminek v tieci jednotce.

V paté kapitole se autofi zabyvaji trenim
v jaderném inZenyrstvi. Najdeme vni o vlivu
ioniza¢niho zafeni na tribovlastnosti materiald. Je
v ni zpracovan vliv treni materidla jaderného
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paliva a jeho povlaku pro jaderné reaktory. AE je
pouzito take ksledovani nejrazngjsich
pohyblivych soucasti v jaderné energetice.

KaZzdd kapitola je doprovazena seznamem

pouZité literatury v praméru kolem dvaceti citaci,
kterymi lze rozSitit obzor v probirané latce a
doplnit probiranou latku.
| kdyZ je uvedend monografie specializovana na
feSeni treni AE, je ji mozné vyuZzit, zvlasté pokud
jde o jeji druhou teoretickou kapitolu zcela
obecné. Pii naméhani polymerda dochazi v nich
Kk vnitinimu treni, ke vzniku krejsi, stupnovitych
poruch, disklinaci a dalSich poruch. Jejich
pohyblivé ¢asti vedouci k deformaci polymert,
plasti, textilii a kompozita jsou zjistitelné uzitim
AE.
Vzhledem k tomu, Ze pii mechanickém namahani
textilii dochazi k vnitinimu tieni vlaken, a jejich
pietrhu, vznikaji v textiliich i zdroje AE. Kromé
toho je také vyznamné studium treni textilii mezi
sebou, vzhledem k jinym plocham materiala a
vzhledem k pokoZce pii noSeni odévi a studium
omaku pti nichz dochazi ke vzniku AE.
Vzhledem ktomu, Ze u textilii AE vznika
smyc¢covym (strunovym) (stick-slip) jevem, je
recenzovand kniha také vhodnou pomuckou pfi
studiu AE v textiliich.

Lubomir Sodomka, lubomir.sodomka@volny.cz
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