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Polyester cord play an important role in the modern
tyre industry as a reinforcing materials because of their
extraordinary mechanical and physical properties. Many
problems concerning to the adhesion between polyester
cords an tyre rubber come from the relatively low surface
energy of polyethyleneterephtalate (PET) and also its
chemical inertness. The standard method for improvement
of adhesion between the reinforcing polyester cords and
rubber matrix is established on surface modification of
cords with solution or emulsion consisting of resorcinol-
formaldehyde resin and vinyl pyridine latex'”.

The aim of this work is to present some results ob-
tained by the studying of the influence of temperature and
time of vulcanization on adhesion of polyester high
modulus low shrinkage cord yarn (HMLS — Slovkord
1440 Dtex 1x2, twists 380/380 produced by SH Senica,
Slovakia) to rubber. The rubber compounds contained
natural rubber, SBR and polybutadiene rubber was used
for fabric coating. The static adhesion strength to rubber
and adhesion strength after dynamic stress (the sample was
exposed to a cyclic flexural stress with frequency = 7.5 Hz
for 12 h in a chamber at 80 = 1.5 °C) to rubber was studied
by means of Henley test method according to STN
6201464. The crosslink density of rubber matrix was de-
termined from the results of their swelling in xylene at
laboratory temperature according by ASTM D6814-02.

The study was based on two-factor five-levels experi-
ment. The first factor was temperature of vulcanization
(x1) and the second factor was time vulcanization (x;). The
experimental results were treated by the complete regres-
sion analyses, using the general regression equation in the
form:

Y= bo + b1X1 + b2X2 + b12X1X2 + b11X12+ b22X22
where Y — evaluated parameter, by, by, by, by, bz, by —
regression coefficients, Xx;, X, — independent variables on
the coded levels.

The variability of the individual dependent parameters
due to the experimental error of their estimation as well as
their variation due to the inaccuracy of the used regression
model was specified by means of a variance analysis. The
adequacy of the regression equations was evaluated by ap-
plying F-test, on the significance level a=0.05.
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Table I

The influence of time and temperature of vulcanization on
the adhesion properties of polyester cord to rubber and
crosslinking density

Temperature Time of Static Dynamic

of vulcanization  adhesion adhesion

vulcanization strength strength
157,0 14,1 170,8 177,5
192,0 14,0 139,8 132,3
157,0 33,9 172,8 161,5
192,0 33,9 130,5 127,5
150,0 24,0 143,0 112,8
200,0 24,0 124,8 120,7
175,0 10,0 161,2 140,0
175,0 38,0 108,8 104,3
175,0 24,0 101,0 80,8
175,0 24,0 112,5 101,5
175,0 24,0 128,5 126,3
175,0 24,0 125,5 111,3
175,0 24,0 137,3 131,5

The results of the influence of time and temperature
of vulcanization on the adhesion properties of polyester
cord to rubber are summarized in table I and for crosslink-
ing density of rubber matrix is ilustrated in Fig. 1.
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From comparison of regression coefficients of adhe-
sion properties with its critical values is evident, that tem-
perature and time of vulcanization statistically not influ-
enced on adhesion properties of polyester cord to rubber.

From results of crosslinking density is evident, that
both mentioned factors influence the crosslinked density,
what is able to be connected with changing of the number
and character of cross bond.

Following receives results we can state, that tempera-
ture and time vulcanization statistically meaningly exclude
on statically a dynamic adhesion toward cord with RFL
modification. Though on crosslinked density was he deter-
mined statistically prominent influence.



Chem. Listy 101, s1 — s72 (2007)

REFERENCES
1. Sheu M. S., et al.: Tenaciously bound hydrophilic
coatings on polymer surfaces, Polymer Surfaces and

Interfaces: Characterization, Modification and Appli-
cation. ISBN 90-6764-217-7, (1997), pp. 83-91.

2. Luo S., et al.: J. Adhesion Sci. Technol. 76, 1715
(2002).
P-02

CONTINUOUS SILANIZATION REACTION
IN CO-ROTATING TWIN SCREW EXTRUDER

YASEMIN ATSIZ**, J. W. G. MANI®,
and R. H. SCHUSTER"

“ University of Hannover,  Deutsches Institut fiir
Kautschuktechnologie e.V., Eupener str. 33, D-30519,
Hanover, Germany

yaseminatsiz@hotmail.com

The mixing of a silica based rubber compound with
help of a conventional discontinuous mixing process is
performed with several mixing stages. Especially in silica
based tires, these stages are necessary to complete the si-
lanization reaction. Inorganic silica and organic rubber are
highly incompatible materials which makes the mixing
difficult. The silica surface is therefore regularly modified
by means of silane to achieve compatibilization of the
silica to the rubber where the silane is bonded to the sur-
face of the silica. The reactions takes place between the
silyl groups of the silane and silanol groups of the silica
filler. This chemical bonding process between silica and
silane is called silanization reaction'. This work focuses on
experimental investigations on surface modification of
silica with silane in E-SBR in a co-rotating twin screw
extruder.

The temperature in the zones of the co-rotating twin
screw extruder were studied for different temperatures but
this work is discussed only for a constant zone temperature
of 150 °C .

The completion of silanization reaction is indirectly
measurable by analyzing filler-filler interaction. This
filler-filler interaction is estimated by G';, values obtained
from rubber process analyzer (RPA). The G';, decreases
to lower values for the experiments carried out at 150 °C.
The uniformity of heating in all zones of twin screw ex-
truder for 150 °C influences the increase of the silanization
rate. High mixing temperature improves the silanization
rate due to the temperature dependence of the reaction and
a reduced sterical hindrance of the silyl propyl group of
the silane by increased thermal mobility”.

The reactive extrusion in a twin screw extruder re-
quires additionally optimum process parameters to assure
required silanization reaction. The compound characteris-
tics show that the filler-filler interaction reaches lower
values in comparison to compound which indicates opti-
mum silanization reaction. The filler dispersion and filler-
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filler interaction corresponds to the characteristics of the
reference compound mixed in the internal mixer.
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When looking for an application in automotive indus-
try, plasma surface engineering technologies are in compe-
tition with a multitude of conventional processes, which
have proven their performance, quality and process stabil-
ity for decades. The use of plasma based surface treatment
depend on the elimination of different obstacles that actu-
ally prevent the wider use, like cost reduction and the diffi-
culty to get the necessary capacity. Even though it is sup-
posed that in a few years plasma-based coatings will be-
come a standard coating procedure, even for large serial
productions in automotive'. Plasma-based processes are
environmentaly friendly, and can often eliminate organic-
solvent based adhesives and paints and replaced them by
water-based equivalents.

Since recently the plasma technology is being intro-
duced in textile industry as well. Fields of application are
functionalizing and design of surface properties of textile
fibers®. Principal applications of textile materials in auto-
mobile sector are interior fabrics used in kick panel, pack-
age shelf, seat fabric, truck liners, load decks, cabin air
filters etc.

To meet the requirements for cost-effective in-line
surface treatments of polypropylene products and other
polymeric materials a novel surface discharge type the
Diffuse Coplanar Surface Barrier Discharge (DCSBD)
plasma source has been developed at the Institute of Phys-
ics, Comenius University”. In this plasma source a thin
layer of macroscopically uniform high-density plasma is
generated at atmospheric pressure without any contact
with electrodes, which protects the electrodes erosion and
ensure long life reliable operation. DCSBD plasma sources
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have been used success-fully on PP nonwoven fabrics to
enhance the reactivity of their surfaces”.

The aim of our work was to study the hydrohilization
of polypropylene (211 g cm ) and polyester textile mate-
rials (105 g cm™2) using DCSBD plasma source with one
side or both sides electrode. Plasma treatments using one
side electrode were carried out in the air or nitrogen at-
mosphere step by step from right side and back side of
textile various times up to 10 seconds. When the both side
electrode was used, the textile material was activated in
one step from right side and back side of the textile.

It is widely known that the plasma treatment process
results in a physical and/or chemical modification of the
first few molecular layers of the surface, which can im-
prove the wettability of the inert polymer surfaces. We
used the absorptivity of water drop into textile samples to
indicate the hydrophilicity of samples before and after
plasma activation. Absorptivity was determined by taking
a series of sessile drop images by CCD camera in order to
determine not only the initial contact angle, but also the
change of the drop profile in the time due to wetting of
polymer surface”.

It was found that plasma treatment vas very effective,
as only 1 second activation led to significant shortening of
absorption time of water in comparison with untrated sam-
ples, for polypropylene textile from 35.842.3 s for un-
treated sample, to 4.9+0.6 s for polypropylene treated in
air or 4.0+0.6 s treated in nitrogen atmosphere. The longer
time of plasma activation in air up to 10 s didn’t changed
the absorption time significantly, On the other hand, in
nitrogen atmosphere the absorptivity was 1.5+0.1 s after
5 s of activation.

The best results in studying the hydrophilization of
polyester textile material were obtained in nitrogen atmos-
phere using the both side electrode. The absorption time
changed from 6.2+0.6 s for untreated sample to 0.44+0.1 s
after 3 s of activation.

The chemical changes on plasma modifier textile
surfaces were verified by diffuse reflectant infrared spec-
troscopy.

The very short time of plasma activation using
DCSBD plasma source, before subsequent operation like
painting or coating of textile material, make it suitable for
in-line processes.
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Flexible polyurethane (PU) foams are expanded poly-
mers made by addition polymerization of multi-functional
alcohols (polyols) and difunctional isocyanates. Flexible
PU foams play the key role in automotive industry'.

Since the recycling of used PU foams is complicated
and expensive due to their thermosetting characterz, both
from environmental and economic reasons this work was
focused on the use of cellulose and starch derivatives or
wheat protein easy available in Europe for the synthesis of
biodegradable flexible PU foams. The common industrial
recipe for PU foam synthesis was modified by using so-
dium salt of carboxymethyl cellulose (CMC-Na), acety-
lated starch (AS), cellulose acetate (CA), 2-hydroxyethyl
cellulose (2-HEC) and wheat protein-gluten (WPG) as the
bio-polyols.

The substitution of bio-polyol for commercial poly-
ether polyolPEP was successful up to 30 wt.% of CMC-
Na, 20 wt.% of AS, 10 wt.% of CA, 10 wt.% of 2-HEC
and 5 wt.% of WPG.

By means of Fourier Transform Infra Red Spectros-
copy (FTIR) and Thermogravimetrical Analysis (TGA) the
chemical incorporation of bio-polyols into the PU foam
structure and the influence of bio-polyols on the thermal
stability of the foam were proved.

The interest in biological testing is growing rapidly
and toxicity testing is now gradually incorporated in envi-
ronmental legislation in many countries. Therefore, both
the alternative ecotoxicity testing, which is quick, cheap
and sensitive’ via the screening toxkit Thamnotoxkit F™
(with Thamnocephalus platyurus freshwater fairy shrimps)
and the standardized long-term test of the root growth
inhibition of white mustard (Sinapis alba) were used for
the ecotoxicity evaluation of water leaches of modified PU
foams.
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Ultraviolet radiation (with wavelength between 200
and 400 nm) in sunlight is responsible for accelerated ag-
ing of different materials and also causes health problems
like sunburn, skin-aging or cancer. Skin can be protected
from UV radiation by proper clothing. Because fabric is
composed of fibres that can absorb, reflect or scatter radi-
ant energy, it has the ability to absorb or block most of the
incident radiant energy and prevent it from reaching the
skin. However, barrier properties of textile material de-
pend on several parameters: chemical structure of the fi-
bre, fabric construction, particularly porosity, thickness
and weight, contents of UV-absorbers, fluorescent whiten-
ing agents and other finishing chemicals that can be added
to the textile materials'. One of the effective nanoadditive
is TiO, which acts as UV absorber. Nanoadditive is incor-
porated into the fibres during the process of their prepara-
tion, the effect to UV-protection is permanent. It is the
main advantage using such nanoadditive that cannot be
removed by washing and can present better coloration.

A suitable quantitative method for evaluating the pro-
tection ability of modified fibres is spectrophotometry
where UPF factor is determined. Transmittance of poly-
propylene fibres modified by nanoTiO, was measured by
spectrophotometer Libra S12, thereafter UPF, UVA and
UVB factor were calculated”. The method for the measure-
ment of textile materials has been modified on fibres be-
cause only UPF of textile materials and clothes is reported
in references.

In this paper there were used the different types of
nanoTiO, and different dispersants on the modification of
PP fibres and UPF of the PP fibres was evaluated. An in-
crease of UPF of modified PP fibres in comparison with
unmodified PP fibres has been observed as well as with
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increase of nanoTiO, concentration.
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Lignin is a natural amorphous polymer, which, to-
gether with cellulose and hemicellulose, is one of the main
components of wood. Cellulose fibers mainly consist
of cellulose microfibrils bounded together by amorphous
lignin matrix. The make-up of the wood reveals the poten-
tial of lignin to act as a compatilizer between hydrophilic
natural fiber reinforcement and a hydrophobic matrix poly-
mer'. The biosphere contains 3-10"" tons of lignin with an
annual increase of about 2:10'° tons®. The polymer struc-
ture of lignin is considered to be a three-dimensional net-
work composed of phenylpropane units®. Lignin structure
is dependent on wood species and processing conditions”.

Papers concerning the use of lignin as a stabilizer for
plastics and rubbers acting as an antioxidant or modifier of
the mechanical properties have been published™®. Autors’
observed stabilization effect of lignin in natural rubber.
The obtained results show that tested lignin acts as an anti-
oxidant for natural rubber filled with carbon black during
thermal aging. The optimum concentration was found to
be about 2—5 wt.% (4-8 phr) similarly as was observed in
composites.

In this work influence of three types of industrial lig-
nin was tested in model rubber blends based on natural
rubber. The tested lignins contained from 5 to 10 % of
natrium, calcium or magnesium. Processability of lignins,
their compatibility with rubber matrix as well as influence
of lignins on mechanical and dynamic-mechanical proper-
ties of vulcanisates was tested.
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Fig. 1. SEM of natural rubber vulcanisates filled with 30 phr
of lignin containing Ca (a), Mg (b) and Na (c)

Dosage of lignins varied from 0 to 40 phr in natural
rubber blends. Decreasing of scorch time as well as opti-
mum of vulcanisation was observed with increasing of
lignin concentration. Addition of lignin causes decreasing
of network density in model vulcanisates. Chemical reac-
tion between lignin and vulcanisation system can be as-
sumed based on various chemical structure of it. Also re-
action of lignin with rubber chain or catalytic action of
lignin can be possible.

Addition of lignin containing magnesium or calcium
causes improvement of mechanical properties of NR vul-
canisates. Significant increasing of tensile strength as well
as elongation at break was observed above the 20 phr con-
centration of lignins in the blend. The good compatibility
of these two types of lignins with rubber matrix was con-
firmed based on SEM measurements. Lignin polymer was
very good dispersed in rubber matrix into small domains
with very good compatibility on interphase. In case on
lignin containing Na, the compatibility was not such good
and also large domains with low cohesion was identified
(Fig. 1). This can be responsible for lower values of me-
chanical properties of prepared Na-lignin/NR vulcanisates.

Changes of dynamical — mechanical properties were
also observed by Ca and Mg lignin addition. Increasing of
lignin content causes decreasing of maximum value of tg &

. simultaneously with increasing of tg & at 0 °C. Lignins are
potentially utilizable as component for rubber blends.
They are able to modify mechanical, dynamical-
mechanical properties and cure characteristics as well.
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In the past decade polymer nanocomposites have re-
ceived attention in fundamental research as well as in in-
dustry exploitation. One reason is that individual poly-
mers, their mixtures or classical composites can not fulfill
demands made upon modern engineering materials. Engi-
neering plastics are often used in outdoor applications.
Performance during application is a key feature of any
such type of plastics. PP is quite sensitive to deteriorate
under the action of light and heat. For the most application
especially at outdoor it is necessary to use stabilizing sys-
tem. PP nanocomposites were found to be more degrad-
able than pure PP under UV irradiation' ™.

Following the new trend in preparation of polypropyl-
ene nanocomposites with enhanced properties for indus-
trial utilization iPP and sPP nanocomposites containing
Disperal OS2 (Boehmite) nanofiller were prepared. The
amount of nanofiller in samples was 1, 5 and 10 wt.%. The
photo-oxidation of pure iPP, sPP and their nanocomposites
in the absence and in the presence of light stabilizers of
HAS type (Hindered Amine Stabilizer) — Chimasorb 944
as well as in our laboratory synthesized combined HAS/
phenol — TMP was tested.

The course of photo-degradation was followed by
FTIR spectroscopy. During the photo-oxidation of poly-
propylene different carbonyl products (ketones, acids,
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esters, etc.) absorbing in the region of 1600-1850 cm™
and different compounds containing hydroxyl group
(hydroperoxides, alcohols) absorbing in the region of
3200-3600 cm™' were formed. The course of photo-
degradation was represented as an influence of carbonyl
absorption against the irradiation time. The shape of car-
bonyl envelope of pure iPP and sPP was similar as in the
case of iPP and sPP nanocomposites. It evidenced the for-
mation of the same products of photo-oxidation in the case
of pure iPP and sPP as well as in their nanocomposites.
Differences were found in induction periods of photo-
oxidation: these were much shorter in all nanocomposites
in comparison with the induction period of pure iPP and
sPP. There is a clear prodegradation effect of filler for both
types of polypropylene used. The extent of this effect de-
pends on the amount of filler and on the type of polypro-
pylene used. In the case of sPP samples, the pro-
degradation effect is proportional to the amount of filler in
the whole concentration range of filler content used. In the
case of iPP, there is a pro-degradation plateau at 5 wt.%
content of filler and higher concentration of filler
(10 wt.%) does not increase the rate and the course of
photo-oxidation. Two long term stabilizers of HAS family
were tested — commercial oligomeric stabilizer Chimasorb
944 (CHIM) and synthesized combined HAS/phenol
(TMP). Stabilizing efficiency depends on the filler content.
CHIM is able to stabilize just the nanocomposites with the
lowest content (1 wt%) of filler. There is no stabilizing
effect of this HAS in the case of higher amount of nano-
filler (5 and 10 wt%) in both types of polypropylene. By
contrast, the combined HAS/phenol — TMP revealed some
stabilizing efficiency over the whole range of filler con-
tent. The possible reasons for this difference are discussed.
Interaction of filler with some HAS stabilizers were stud-
ied in cyclohexane as a model liquid for polypropylene by
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UV-spectroscopy. Interaction resulted in fixing of additive
on filler. Much stronger interaction has been obtained for
oligomeric CHIM in comparison with low molecular HAS.
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Reinforcing materials used in the tyre construction
play an important role especially in the form of composites
in combination with rubber compounds. Various construc-
tion requirements are imposed on reinforcing materials
depending on their use:

Bead wire — is a lengthened steel wire with several
high strength threadings. It makes it possible to mount and
demount the tyre to/from the rim and the carcass plies are
wrapped around the bead wires.

Carcass — is the most important structural element of
the tyre. According to the construction requirements for

cap ply

carcass

bead wire

Scheme 1. Distribution of reinforcement materials in a pas-
senger car radial tyre
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a given tyre, one, two or more overlapping plies are used.

Belt — usually constructed from overlapping steel
cords. As far as passenger car radial tyres are concerned
(high-speed categories) a textile cord ply, laid in the direc-
tion of the tyre axis, is used in addition to the steel break-
ers. This ply is known as a cap ply.
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The increasing interest in engineering plastics for
cyclically loaded structural components in automobiles
necessitates proper fatigue design methods for these mate-
rials. One possibility which is already used for components
made of metals is the fatigue life calculation with local
stresses and local S/N-curves. One aim of a big research
project in our group is the generation of a comprehensive
database which is necessary for the applicability of fatigue
life calculation with local S/N curves for fiber reinforced
composites. First of all the effect of fiber orientation and
concentration as well as stress ratio on the fatigue behavior
of two materials was investigated.

Because of the importance of lightweight construc-
tions and the reduction of production time and costs,
nowadays other materials more and more substitute com-
ponents, which are made so far of metals. The usage of
short-fiber-reinforced plastics instead of metals seems self-
evident in many cases because of their high specific
strength and the favorable manufacturing processes.

The available mechanical properties of this material
group from datasheets are mostly measured under mono-
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tonic loads like tensile strength, yield strength and fracture
elongation. But these material data are not sufficient for
the dimensioning of parts having regard to geometry, load-
ing conditions and material behavior. One method which is
already used for dimensioning dynamically loaded compo-
nents made of metals, is the fatigue life calculation with
local S/N-curves. These local S/N-curves, determined by
the material, are essentially influenced by component spe-
cific effects, such as fiber orientation, type of loading, size,
stress temperature, production process and many more.

The first step to determine dynamical material data is
taken by un-notched specimens. Every real component has
notches and these notches cause stress peaks in the compo-
nent. But not only notches influence the fatigue strength of
component structures. Hence other effects such as differ-
ent cyclic loading (tension, compression, bending, etc.),
fiber orientation, stress ratio temperature and frequency
have to be analysed. Furthermore the fatigue strength of
a component could differ from the fatigue strength of the
test-specimens. Therefore one of the main problems in this
regard is to transfer the material parameters determined on
test specimens correctly to complex component structures.

For the finite element analyses of components made
of fiber reinforced polymers, the knowledge of fiber orien-
tation and distribution is an essential part, because the
local material behavior depends on these parameters. In-
formation about the fiber orientation in a simple testing
specimen can be gathered by checking the morphology.
Therefore it is necessary to take out samples at different
specimen positions for analyzing with microscopic meth-
ods'?. For complex components and during product devel-
opment, the orientation of the reinforcing fibers should be
characterized by molding simulation. By knowledge of the
local fiber orientation it should be possible to calculate the
resulting local material behavior which is also an input
parameter for the finite element analyses.

For tests documented in this poster two different
short-fiber-reinforced and mineral-reinforced polymers
were selected. Types of matrix as well as percentage of
fibers and mineral fillers of both materials were different.
One material has a thermoplastic partial aromatic polyam-
ide matrix with 40 % glass-fibers and 25 % mineral fillers
(PA 6T/61-GF40+MX25) and was obtained from EMS-
Grivory. The other material has a thermosetting matrix
based on phenol-formaldehyde plastic with 30 % glass-
fibers and also 30 % mineral fillers (PF-GF30+MX30) and
was obtained from Vyncolit. The glass fibers of both mate-
rials have a nearly cylindrical cross section with a diameter
of 10 to 15 um and a length of 100 to 150 pm.

For characterizing the material behavior, the flat
specimens as shown in figure 1 were used. The test speci-
mens were fabricated different for each material. Depend-
ing on fabrication type they had different morphology,
which was also analyzed. Therefore molding simulations
as well as microscopic methods were used. The so called
standardized specimens of both materials were made by
injection molding. The short-specimens were milled out of
injection molded thermoplastic plates and compression
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Fig. 1. Top: short specimen, Bottom: standardized specimen

molded thermosetting plates. The reinforced thermoplastic
plates had a dimension of 100 x 100 mm? and two differ-
ent thicknesses of 2 and 4 mm. To estimate the influence
of fiber orientation on the fatigue behavior, the
PA 6T/61-GF40+MX25 specimens were milled out in
flowing direction (longitudinal) and also transversal.

Experimental procedure

Constant amplitude fatigue tests were made for gen-
eration the S/N-curves or Wohler-diagrams. These tests
are used for analyzing fatigue strength of a material under
sinusoidal loading with constant stress amplitudes. To
avoid hysteretical heating, resulting of too large testing
frequency, tests at different frequencies (5, 10 and 30 Hz)
were made, where the heating in middle position of the
specimens was detected during the whole cyclic test. Due
to these tests, the testing frequency for all other tests was
fixed by 10 Hz.

All tests documented in this article were made with
the standardized and short specimens shown in figure 1.
They were performed stress controlled with a servo-
hydraulic test rig (MTS, USA) at room temperature and
standard conditions.

To generate S/N-curves the nominal stress amplitudes
S, and the number of cycles N have to be plotted in double
logarithmic way. At each stress level there were tested at
least 3 specimens, so the slope k could calculated by using
the principle of the Gaussian distribution®*.

Since project start there were generated a lot of S/
N-curves for characterizing different influences on fatigue
behavior. Within this paper only some representative
Wohler-diagrams for the influence of fiber orientation are
shown.

Figure 2 shows the influence of fiber orientation on
fatigue behavior of the PA 6T/6I-GF40+MX25 material.
All specimens were tested under tension/tension (R=0,1).
The standardized specimens reach the highest nominal
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Fig. 2. Influence of fiber orientation on fatigue behavior of
PA 6T/6I-GF40+MX25

stress amplitudes with very small statistical scatter of
measuring points followed by short specimens with thick-
ness 2 mm. The slopes k of the 4 mm standardized speci-
men and the 2 mm longitudinal short specimen are nearly
the same. The S/N curve of the 2 mm transversal short
specimen runs more flat. These effects result out of the
different fiber orientations influenced by different manu-
facturing processes. As described above, the standardized
specimen is injection molded without any cutting machin-
ing like milling. On the other hand, the short specimens
are milled out of plates. The arrangement of fibers in the
two geometries is quite different because of very complex
flowing conditions™® and other parameters which are sum-
marized in’. The average fiber orientation of the whole
specimen cross section was determined by molding simu-
lation. The calculated middle fiber orientation for the stan-
dardized specimen was about 94 %. This means that 94 %
of the reinforcing fibers are oriented in longitudinal speci-
men direction. But in the 2 mm short specimen only 75 %
of fibers are oriented longitudinal. So the difference of
reachable nominal stress amplitudes in S/N-curves can be
explained.
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Adhesion between tyre and road is one of the most
important parameters of the tyres, mainly from the safety
point of view. Task of this poster is the understanding of
the some conventional car tests and some sophisticated
outdoor + indoor tests for tyre adhesion evaluation.

For this area of the tyre development were applied:

— car handling and braking test procedures in
MATADOR, as.,

— customer indoor and outdoor tests performed by TNO
Automotive Netherlad and by IABG mbH Germany
for tyre forces and moments measurements,

— car manoeuver simulations developed by University
of Zilina — Faculty of mechanical engineering.

In this poster are presented and compared basic adhe-
sive properties of tyres on dry surfaces, mathematical
methods and criterions for their evaluation, for example:

— subjective + objective test methods and their advan-
tages and disadvantages,

—  braking, circle handling tests with statistical ANOVA
evaluation,

— signal filtering from force and moments measure-
ments generated by tyre, evaluation based on the
MAGIC FORMULA,

— adhesion criterions: tyre frictions, stiffness,

— handling simulation as a tool for the tyre adhesion
evaluation.
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A novel dyes based on benzothioxantheneimide chro-
mophore covalently linked with sterically hindered amine
(HAS) were prepared and their light stability was tested in
polymer matrices. The following dyes namely: 2-(2,2,6,6-
-tetramethyl-4-piperidyl)-thioxantheno[2,1,9-dej]isoquino-
line-1,3-dione (BTXINH) and N-alkoxy derivative 2-(1-(1’-
-phenylethoxy)-2,2,6,6-tetramethyl-4-piperidyl)-thio-
xantheno[2,1,9-dejlisoquinoline-1,3-dione ~ (BTXINOR)
have been prepared. For comparison the parent dye with-
out HAS structural unit benzothioxanthene-3,4-dicarbo-
xylic anhydride (BTXA) and the N-alkyl derivative 2-(1-
-dodecyl)-thioxantheno[2,1,9-dej]isoquinoline-1,3-dione
(BTXID) and the stable nitroxyl radical as 2-(1-oxo-
-2,2,6,6-tetramethyl-4-piperidyl)-thioxantheno[2,1,9-dej]
isoquinoline-1,3-dione (BTXINO) have been tested as
well. The structures of imidic dyes are shown on scheme
below.

Spectral properties of these dyes in solution and poly-
mer matrices of polystyrene (PS) poly(methyl methacry-
late) (PMMA) and poly(vinyl chloride) (PVC) have been
measured'. The light stability of these dyes and model
compounds were examined in thin polymer films (50 pm)
in a merry go round set up equipped with 250 W mercury
arc with luminophore. The course of photolysis was moni-
tored by UV absorption at the longest wavelength band
around 450 nm. The zero order kinetics was applied. The
rate of photolysis was determined as slope of the depend-
ence of log I/l on time. The photolysis rate was in the
range 10~ to107 hr™'. The rate of decomposition was the
lowest for parent amine BTXINH in all polymer matrices.
The photolysis rate of all other dyes under study was
higher. The distinct stabilization effect of HAS structural
unit on the decomposition rate was not observed. The light

o R= -(CH,),-CH, BTXI-D
@ @ X=-H BTXI-NH
s @ N—R Q_X o BTXI-NO
) >_© BTXI-NOR
_d
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stability of the dyes was more influenced by the polymer
matrix. The photolysis proceeds more rapid in the PS and
PVC matrices as compared with PMMA.
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Sol-gel chemistry is based on the hydrolysis and poly-
condensation of molecular precursors such as metal alkox-
ides, consisting of silicon, titanium, zirconium or other
metallic elements in their structure'. The mild characteris-
tics offered by the sol-gel process allow to introduce or-
ganic molecules inside an inorganic network. Inorganic
and organic components can then be mixed at the
nanometric scale, in virtually any ratio, leading to the so-
called hybrid organic-inorganic nanocomposites. These
hybrids are extremely versatile in their composition, proc-
essing, and optical and mechanical properties’.

The aim of this work is focused on the preparation of
hybrid silicagel monoliths and films with controlled poros-
ity and pore stability based on the various organofunc-
tional silanes. An influence of catalysts, silane/solvent
ratio, post-processing conditions on the quality of organic/
inorganic hybrid films will be investigated in the first step.
Homogeneity, brittleness, transparency, porosity, diffusion
properties as well as mechanical properties were tested.
Organosilanes, involving aminosilane and epoxysilane,
were used for a modification of hybrid films, to ensure
both appropriate flexibility and strength of the films.
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Automotive tires are the composite materials com-
posed of fibers, steel and rubber. The reinforced materials
for tires require unique properties including anti-fatigue,
tensile strength and resilience. Therefore, the adequate
materials for tire cords are selected by the application of
the tires. In general, rayon, nylon, polyester, steel and ara-
mid have employed as cord materials for tires.

Aramid is an aromatic polyamide fiber which con-
tains amide group (-CONH-) obtained through the polym-
erization of terephthalic acid and p-phenylenediamine.
Due to the outstanding features of p-aramid fibers such as
tenacity (~26 g/d), modulus (~1000 g/d) and elongation at
break (~2.5%), they are contributing to high-performance
tires as cord materials. Recently, aramid tire cords are
commercialized for light-truck capply which is the cover
part of steel belt within tires and airplane tires. We intro-
duce KOLON’s p-aramid fiber, HERACRON® and its
application for tire cords.
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The pyrolysis of rubber from the sidewall (sample I)
and tread (sample II) of a passenger car tire was carried
out in a nitrogen flow at a temperatures range from 500 °C
to 800 °C. Two characteristic stages were observed in the
DTG curves. The first stage corresponded to the decompo-
sition of processing oil, plastifier, and additives, whereas
the rubber polymer was decomposed in the second stage.
Several properties of the carbon black formed by the pyro-
lysis such as ash content, specific surface area, and pore
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size distribution were determined. A change of the internal
structure of the rubber particle in the meso- and macrore-
gions of the pore size was observed. Properties of the py-
rolytic carbon black produced from the tire sample I were
similar to those of the commercial carbon black N 330,
meanwhile the carbon black obtained by pyrolysis of the
rubber sample II showed the specific surface area compa-
rable with that of the commercial carbon black N 220.
Furthermore, an increase of the specific surface area of
pyrolytic carbon blacks with the pyrolysis final tempera-
ture was observed.
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The poster deals with the results of tests gained by
using bis-maleimid in adhesion systems to improve adhe-
sion of vulcanizate to reinforcing brass-plated steel cord.
The components of classical adhesion system (cobalt con-
taining substance, sources of resorcinol- formaldehyde
resin, silica) are subsequently replaced by bis-maleimid in
a skim rubber compound. The obtained results of adhesion
measurements and the other properties of vulcanizates
show the possibilities and advantages of using bis-
maleimid in adhesion promoting systems.

The results also demonstrate that the presence of bis-
maleimide in rubber compound significantly reduces the
undesirable reverse reactions during over-cure. It slightly
increases the network density of the vulcanizates (higher
modulus and hardness — and it enables to decrease the
sulphur dosage and in this way to gain vulcanizates with
improved heat stability).
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2-Oxazolines provide thermally initiated addition
reactions with a wide range of reagents, for example with
carboxylic acids, phenols, thiols and amines' . This prop-
erty provides a basis for the construction of AB, mono-
mers containing a 2-oxazoline unit and another functional
group™. It is an ideal way for the preparation of polymers
with designed properties by the incorporation of special
structural unit into monomer containing more polymeriz-
able groups.

Properties of aromatic poly(ether amide)s can be
changed by the substitution of benzene ring in main chain.
In our work, benzene ring was substituted by naphathalene
moiety. Polymers containing naphthalene unit were pre-
pared by two methods: by the polymerisation of bis(2-oxa-
zolines) with dihydroxynaphthalenes or by homopolyaddi-
tion of compounds representing AB type monomer con-
taining phenol group, oxazoline ring and naphthalene unit.
(6-Hydroxy-2-naphthyl)-2-oxazoline, monomer of AB
type, was prepared from 6-hydroxy-2-naphthoic acid by
multi-step synthesis consisting of esterification, amidation
and cyclization steps. For AA+BB polymerisations, 1,4-phe-
nylenebis(2-oxazoline) or 1,3-phenylenebis(2-oxazoline)
and various dihydroxynaphthalenes were used. Polyaddi-
tions were in both cases thermally initiated and were done
in melt or in solutions of high boiling solvents. Structure
of the obtained poly(ether-amides) was confirmed by
NMR and FTIR spectroscopy.

The described polymer represent novel naphthalene
unit containing poly(ether amide) for applications in mate-
rial science. Study of their thermal and photochemical
properties showed a strong influence of the structure of
monomers on the properties of polymers.
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Chemical modifications of bulk polymers provide
new polymeric materials without demand of new mono-
mers for polymerization. Reaction of polypropylene (PP)
with maleic anhydride is currently the best known modifi-
cation process'”, which increases adhesion of grafted PP
to metals, glass fibres and to other fillers, increases misci-
bility with polar polymers such as nylon, polyethyl-
eneterephthalate etc. Modification reactions of isotactic
polypropylene (PP) using itaconic anhydride leads to new
coupling agents for composites preparation® is closely
linked with its better adhesion, dyeability and miscibility.
Otherwise, a utilization of itaconic acid®’ brings two obvi-
ous advantages. First of them is fact, that itaconic anhy-
dride can be prepared on basis of renewable resources and
second is its less toxicity compare to maleic anhydride. In
this work, itaconic anhydride is monomer used for grafting
onto backbone of isotactic PP. Grafting reaction by reac-
tive extrusion were used for grafting of itaconic anhydride
by the reaction in a melt state of polymer and in presence
of free radical initiator.
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Scheme 1. Grafting of itaconic anhydride onto PP, B-scission
of PP, homopolymerization of IAH
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Reactive extrusions were carried out in mixer 50 ml
and in twin screw extruder type DSE 25 (both Brabender,
Germany), Melt Flow Index (MFI) was measured using
MFT tester CEAST6542/000 (CEAST S.p.A., Italy). FT-IR
Spectra were taken on FT-IR spectrometer Nicollet Impact
400 D (Thermometric, USA). Peak of C=O groups oc-
curred at 1771 cm™" was used to indicate amount of grafted
itaconic anhydride.

The main results of this work represent experimental
data of M,, (MFI) and o in dependence on both ¢y ;¢; and
cian- These data are suitable for setting conditions for pro-
duction of itaconated PP.

The PP powder H4m in reaction system PP/Luperox
101/IAH as grafting agent was stabilized using KI10P.
Obtained yields of grafting reaction with IAH depending
on peroxide concentration are presented in Fig. 1. Effi-
ciency of grafting () depends on the peroxide concentra-
tion, with increasing concentration of initiator, part of IAH
grafted onto PP chain increase in reason of increasing con-
centration of macroradicals.

M,, observed using MFI of PP, depends strongly on
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Fig. 1. Dependence of efficiency of grafting a on Luperox 101
concentration; Concentration of IAH ranging from 0,11 mole %
to 0,75 mole %. Ckjop= 0,42 mmole/kg PP
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Fig. 2. Dependence of MFI on Luperox 101 concentration;
Cxi10p=0,15 mmole/kg of PP, concentration of itaconic acid, was
from 0,5 mole % to 3 mole %
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Fig. 3. Dependence of concentration of IAH grafted onto PP
versus initial concentration of IAH; Cyo was 2,5; 5,0; 7.5;
10,0; 15,0; 20,0; 25,0 mmole/kg PP. Ck,0p=0,42 mmole/kg of PP

concentration of added stabilizer. Three stabilization types
were used for tests of their effectivity, BHT, Kingnox 10P
and Kingnox 76. Kingnox 10P was found to be the most
effective stabilizer and concentration 0,42 mmole/kg PP
was established for grafting reactions with IAH. It was
ascertained that commercial PP granules GB003 are un-
suitable for grafting reactions for reason of their high sta-
bilization. Initiator of grafting reactions, Luperox 101,
influenced the M,,, observed by MFI, the most of all used
additives. By increasing concentration of peroxide, f-
scission occurs and causes decrease of M,, of modified PP.
Efficiency of grafting reactions increases correspondingly
with increasing concentration of peroxide. High yields of
grafting are connected with great decrease of M. MFI
reaches in samples of high yields up to 100 times higher
values than raw PP and M, decrease form initial value
346 kg/mole to M,, of modified PP about 100 kg/mole.
Also last variable, concentration of grafting agent, affects
M,, of grafted PP. With addition of even small amount of
itaconic anhydride (0,11 mole%), the MFI shows substan-
tially lower values than PP samples extruded without
grafting agent.

Results of grafting reactions with IAH were summa-
rized as dependence of c(IAH)pp on c¢(IAH), in Fig. 3.
Concentration of grafted IAH increases with increasing
initial concentration of IAH. Highest efficiency of IAH
grafting is around c(IAH)y=0,4 mole %. And afterwards
concentration of grafted agent decreases or stays the same.
Adding higher amount of IAH than 0,4 mole % seems to
be inefficient, because majority of this amount won’t be
possible to graft onto PP chain. Lower amount of IAH
grafted on PP above initial concentrations higher than
c¢(IAH)¢=0,4 mole %, are probably caused by the chemical
structure of IAH radical.

In conclusion, stabilizer Kingnox 10P was selected as
the most effective stabilization for grafting reactions on PP
chain. Luperox 101 was chosen for initiation of the free
radical grafting reaction on PP chain. Relationship be-
tween initial concentration of Luperox 101 and starting
concentration of itaconic anhydride to yield of grafting
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reaction and molar mass were elucidated.
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Nowadays according to the requirements of the envi-
ronmental policy the production trends to using the waste
or renewable materials. Such an aim was the reason why
the new composites materials (such as wood-plastic com-
posite) have been developed. The new strategy of the au-
thors was focused for using the renewable native materials
as fillers to the polymeric matrix.

The polypropylene and polyethylene were chosen as
a polymeric matrix; both were obtained from the Che-
mopetrol Litvinov. The wooden spruce and oak strands,
technical hemp and jute fibers were chosen as fillers for
the experimental tests. All these fillers were sorted to the
lengths of 0,5 till 2,0 mm. Additional the jute fiber were
sorted for the lengths of 20 mm for other experimental
testing. All these raw materials consist of cellulose, hemi-
celluloses, lignin and other accessory materials, whose
content depends on each specimen. Content of cellulose is
significant aspect for the sorption characteristic of these
materials, because the water is bounded to the OH— groups
of cellulose. The exact chemical contents of all these mate-
rials are made by chemical analyses ways.

The coupling-agents as the adhesion promoter in
wood fiber-filled composites were purposely added for
improving the adhesion between the polar wooden parti-
cles and non-polar polymeric matrix. These additives MA
PP (Licomont AR 504) and MA PE (Licocene 4351) were
obtained from the Clariant Company.
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Fig. 1. Spruce strands;
enlargements 40x

Fig. 2. Oak strands;
enlargements 40x

> 7

b

Fig. 3. Hemp strands;
enlargements 40x

Fig. 4. Jute fibers;
enlargements 40%

The compounding of the components proceeded in
the Brabender mixer at temperature corresponding the
melting temperature of matrix. Each mixture was pre-
mixed before putting them into the mixing zone. Minimum
of the filling was determined at 20 % volumetric
(corresponds c. 30 % weight ratio), maximum was deter-
mined at 60 % volumetric (corresponds c. 70 % weight
ratio). The moisture of incoming fillers achieved approxi-
mately the value MC 2 %. After melting and compounding
the mixtures was the final composite pressed into the open
form with the thickness 2 mm.

The main purpose was to achieve the maximum of
filling the polymeric matrix; on the other side taking into
the account the thickness of the fillers. We tested also the
influence of fillers to reinforcement of the matrix. An im-
portant characteristic, which is crucial for using them as
reinforcement, is the aspect ratio. We expect the best re-
sults from the mixture with jute fibers, which fulfill the
aspect ratio value above 50 till 100.

The main properties, which are going to be tested, are

Fig. 5. Hemp-polyethylene composite; weight ratio: 70 %
Hemp, 28,8 % PE, 1,2 % PP MA)
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the mechanical behavior of all the samples, before all the
tensile strengths and impact resistance. Very important
point of view is the microscopic determination of the volu-
metric contents of fillers in the composites, its geometric
shape and fillers orientation including the possibility of
existed pores and the fillers” dispersity.

As a suitable method appears the double screw extru-
sion process extruding the composites profile.

The significant role of the final composites is based
on the additives, which improved before all the fire resis-
tance, biological resistance and UV stability. After opti-
malization of the mixture in the laboratory condition au-
thors will check up the suitable processing method.

After all the parameters evaluation is the main aim to
find an acceptable utilization e.g. in building industry,
where the achieved characteristics of composites fulfill the
required demands.

Acknowledgement. This experiment arises from the finan-
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ing Materials with Utilization of Secondary Raw Materials
and their Impact on Structures Durability” and GA CR
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The polyamide 6 (PA 6) foils were modified by di-
electric surface barrier discharge (DSBD) plasma'™.
A process of plasma modification was done due to improv-
ing adhesion between PA 6 and more polar polymers. The
plasma treatment was made in oxygen, or nitrogen atmos-
phere. All experiments were performed by atmospheric
pressure (P=1 bar). Increasing of adhesion was confirmed
with two physical methods, i.e. peel testing, and measure-
ment of the surface free energy by Surface Energy Evalua-
tion (SEE) system.

The chemical modification of surface properties was
indicated by FTIR spectroscopy. ATR-FTIR spectroscopy
was helpful to show us creating of new source hydrophilic-
ity on surface containing polar functional groups like NH,-
and —CO-NH,.

This contribution shows the time behaviour of surface
energy of polymer during ageing, average peel strengths
dependencies on the time of modification with cold plasma
in both atmospheres (N, and/or O,). As a result is signifi-
cant increase of the surface energy and its polar compo-
nent of PA 6 modified by DSBD plasma in oxygen or ni-
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trogen plasma at atmospheric pressure were confirmed.
This increase significant even of for short times of modifi-
cation of polymer by plasma, and was further increased for
longer times of modification. The peel force of adhesive
joints polyacrylate — PA 6 modified by DSBD plasma
depends on the type of the plasma used.

Acknowledgement. Projects APVV 99-035004 and VEGA
2/7103/2.
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Imidized methacrylic resins were prepared by modi-
fying the methacrylic units of the polymer by reaction with
different amines'” and glutarimidic cycles along the poly-
mer chains were formed. These cycles in imidized poly-
mers allow achiewing of T, values up to 215 °C and the
materials can be used for improving other polymers that
may form miscible blends with them.

In our contribution we examine the phase behaviour
of two imidized poly (methyl methacrylate)s differing in
substituent volume (N-methyl and N-phenyl derivatives)
with statistical styrene/acrylonitrile copolymers and poly
(vinyl chloride). By computer curve-fitting segmental in-
teraction parameters were evaluated as a function of tem-
perature and they provide an useful quantitative guide for
the description of the interactions in these blends and for
the prediction of the miscibility with other polymers.
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Polymer miscibilizer is a polymer additive that can
promote miscibility between two other polymers that are
otherwise immiscible. The simple Flory-Huggins model is
used to calculate the miscible regions based on the crite-
rion of negative curvature of the Gibbs free energy surface
(the spinodal condition).

Binary statistical acrylonitrile copolymers (with sty-
rene and methyl methacrylate) and statistical styrene/
methyl methacrylate copolymers were used to test this
concept of a polymer miscibilizer. The results obtained
illustrate the fact that a significant miscibility enhancement
occurs when the compositions of the miscible pair are
inside their miscibility windows and there is practically no
miscibility enhancement when these compositions are
outside their miscibility windows. In ternary blends with
the appropriate copolymer compositions the miscibility in
the system can be easily changed by altering the compo-
nent ratios.
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Novel high performance silicone elastomers are fre-
quently used in safety relevant applications in the automo-
tive industry, in which they are exposed to high rate me-
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Short Term Temperalure
Curing in At Oven

Fig. 1. Project flow chart for the characterization and com-
parison of the suitability of two LSR types for the usage as
a membrane application in automotive

chanical loading. For airbag applications these materials
must reveal both high degree of elasticity and high rupture
strain under biaxial loading conditions.

The overall objectives of this paper are:

to develop and implement a proper test methodology
to characterize the deformation and failure behavior
of silicone elastomers,

to characterize the mechanical behaviour of two sili-
con elastomer types selected both in unaged (uncured
and cured) and in aged (post-cured) conditions,

to derive material laws for further finite element
simulations.

Part of the vast range of silicone elastomers is formed
by the class of liquid silicone rubbers (LSR) which stand
out due to their stable main chain bonds (i) an inherent
high heat and oxygen resistance and (ii) high application
temperature range from —50 °C to 300 °C. In the experi-
mental part of the paper, two different apparently similar
filled liquid silicon elastomers grades for membrane appli-
cations were investigated. While the first grade, Elastosil
LR 3004/50, is currently in the production for many air-
bags and provided by Wacker Chemie GmbH (Miinich,
D), the second type, Silbione LSR 4350 was supplied by
Rhodia SA (Boulogne-Billancourt, F) for the investiga-
tions.

The basic material characterization test series using
uncured materials included the determination of the Shore
A hardness values, the characterization of the uniaxial
tensile, compression and the biaxial deformation and rup-
ture behaviour'. Using an adapted set-up, a friction-free
stress-strain diagram was evaluated for the compression
behaviour’. A one-camera experimental set-up in combina-
tion with bubble inflation tests was used to analyse equi-
biaxial deformation data. Furthermore, based on the me-
chanical tests parameters for hyperelastic material laws
were determined using a fitting procedure in a finite ele-
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ment code’.

For both materials a short-term postcuring at high
temperatures was assessed with the aim of stabilizing their
mechanical properties. The effects of an additional thermal
curing at 90 °C over a time period of 3000 hours were also
investigated. The results of the mechanical characteriza-
tion both in cured and in the additional thermal post-cured
state showed a significant difference between the materials
selected.

The experimental works and results described in this
paper are a part of a larger research project. The general
structure of the project work is shown in Fig. 1.
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The extraordinary electrical, mechanical and thermal
properties make from carbon nanotubes (CNT) a very
promising material in many applications. Also thermoplas-
tic composites research is trying to exploit the exceptional
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properties of CNT for preparation of new materials'. How-
ever, when CNT are used as the nanofiller in thermoplastic
matrices, problems appear with dispersion and agglomera-
tion of CNT and compatibility with the polymeric matrix
during the processing. One way to solve these problems is
the surface modification of CNT with functional groups2
or coating with conductive polymers’.

In this work the dilution of a commercial polypropyl-
ene masterbatch containing 20 wt.% CNT (Hyperion,
USA) by various types of polypropylene (PP) matrices
was used for preparation of nanocomposites. Maleinated
PP (PP-MA) as well as unmodified PP matrices with dif-
ferent melt flow indexes (MFI = 2, 8, 12 g/10 min) were
used. Since CNT act as nucleating agent, their presence
influenced the crystalline morphology of the polymer and
consequently the physical and mechanical properties of
prepared composites. These properties are also influenced
by the polymer/CNT interfaces, which render the disper-
sion of the filler in polymer matrix. Therefore crystalliza-
tion kinetics, thermal, rheological, and mechanical proper-
ties of the composites as functions of PP-type and CNT
content were studied. Phenomena of charge transport in
composites below and above percolation threshold are also
reported.

PP-MA matrices show enhanced interaction with
CNT, what is reflected as the strongest increase of the
Young’s modulus with increasing CNT content. The low-
est conductivity percolation threshold of around 2 wt.%
CNT was found when using PP-MA with MFI=2. We ob-
served a shift in crystallization and melting to higher tem-
peratures by increasing the amount of CNT. The increase
of crystallization rate was more pronounced by PP-MA
matrix with MFI=8. The quality of crystals was the best in
the nanocomposites prepared with PP-MA MFI=2. In sam-
ples with unmodified PP matrices the effect of CNT on the
melting behaviour is less pronounced.
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Nanocomposites based on polycaprolactone (PCL)
and native or organically modified layered silicates
(Cloisite with different organophilization) were prepared
by melt mixing in either mixing chamber or co-rotating
twin screw extruder to compare the influence of mixing
mode and rate on the structure of composites. The struc-
ture and properties of the composites were characterized
by SEM, TEM, wide-angle X-ray diffraction and rheologi-
cal measurements which provide additional information
about structure.

The experiments revealed that various fillers differ in
their effect on properties while structure is strongly af-
fected by the homogenization method. The X-ray diffrac-
tion peak of the silicate is shifted towards smaller 20 an-
gles indicating the intercalation of the polymer chains in-
side the silicate galleries. These results show that larger
degree of intercalation and/or exfoliation of PCL/
organically modified Cloisite C20A is achieved by extru-
sion. TEM images for the PCL/C20A clearly reveal that
nanoclay sheets are homogeneously dispersed in the PCL
matrix. TEM images for the PCL/CNa (sodium mont-
morillonite without organic modification) show several
large domains and clay aggregates in the micrometer
range. Exfoliated nanoclay sheets for the PCL/CNa are
observed only in composites prepared via extrusion. In
order to estimate the differencies in composite structure in
quantitative terms, SEM analysis was performed.

More detailed information on the structure and inter-
actions of the composites was obtained by the investiga-
tion of the Payne effect, i.e. the decrease of the storage
modulus G’ with increasing strain amplitude’.

Viscoelastic properties of nanocomposites appeared
to be more solid-like and especially in the terminal region
the data were interpreted in terms of rheological percola-
tion threshold. Structural changes were analyzed as a func-
tion of silicate content by constructing modified Cole-Cole
plots? and by the evaluation of the frequency dependence
of complex modulus.
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One of the most effective methods of fast creating
spatial crosslinked polymer is based on a multifunctional
monomer or oligomer exposure by UV light by the pres-
ence of a photoinitiator'. Urethane acrylate oligomers are
desired ingredients in free radically cured formulations and
they provide chemical, heat and water resistance and adhe-
sion. The chemical nature and structure of these oligomers
determines the physical properties obtained upon curing or
polymerisation.

Photochemical curing of coatings prepared from ure-
thane acrylate Craynor 925 (Sartomer, France) with vari-
ous content of initiator 2-hydroxy-2-methyl-1-phenyl-
propane-1-one (Ciba Speciality Chemicals, Switzerland)
was investigated by FTIR spectroscopy. The conversion
degrees (X) and the reaction rates (Rp) were calculated
from double bond band decrease at 810 cm™'. The samples
were cured at various light intensities in the range from 7
to 23 mW cm . The mixture composition was optimised.
The maximal values of X and Rp were reached at the ini-
tiator concentration of 3wt.%.

The influence of external conditions (irradiation in-
tensity, layer thickness, air oxygen presence) on the curing
process and the quality of the cured film was observed.
The highest conversion degree and curing rate were
achieved at irradiation intensity of 23 mW cm™, layer
thickness of 10 um in the absence of oxygen. The gloss
change® of layers during curing and final gloss of cured
layers were also influenced by curing conditions. The
gloss increased with irradiation time. It was obvious that
the value of final gloss was primarily increased via using
layer with higher thickness (30 pum); the influence of irra-
diation intensity is lesser.

The low stability of inks towards environment influ-
ence presents problem. The solution can be their protection
towards sun light with varnishes. The total colour differ-
ence AE of inks after their irradiation* with total light dose
of 20 MW m™ was calculated. The urethane acrylate coat-
ings (layer thickness 10-30 pum) increased the ink stability
in about 30 %.
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Composites with two different elastomeric matrices,
namely natural rubber (SMR) and styrene-butadiene co-
polymer (SBR) were filled with various layered silicates,
either native or modified. Besides commercial organically
modified montmorillites, namely Cloisite 10A, Cloisite
15A and Cloisite 20A, natrified Cloisite Na and bentonite
from Slovak provenience were used. Mechanical proper-
ties of the composites were investigated.

It was found that particle size of bentonite plays cer-
tain role; the mechanical properties of composites filled
with filler milled to particle size below 15 or 45 microns
did not differ significantly, while the presence of particles
above 45 microns with dimensions up to 250 microns re-
sulted in lower both tensile strength and elongation at
break.

Surprisingly to certain extent, the mixing of various
filler in two elastomeric matrices revealed different behav-
iour. While in SBR rubber the three fillers, namely Cloisite
10A, 15A and natrified bentonite BL15 almost did not
differ regarding tensile strength and elongation at break
and also the both values remained almost the same in the
concentration range of the filler from zero up to 10 wt.%,
SMR matrix was much more sensitive to the concentration
as well as quality of the filler. With increasing filler con-
centration, tensile strength and deformation at break in-
creased significantly with rising amount of Cloisite 10A
and medium effect was observed for composites filled
with Cloisite 15A, no changes were found for BJ15.
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The behaviour in SBR rubber is surprising since or-
ganomodified Cloisites should form a kind of nanostruc-
tures via at least partial intercalation if not exfoliation,
while this behaviour is not expected for unmodified ben-
tonite BJ15. The differences were quite pronounced for
SMR matrix; besides chemical effects, higher viscosity of
SMR, resulting in higher shear stress during mixing might
be a reason for the observed behaviour.
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The use of cold plasmas in the treatment of polymeric
materials'” is adry process of modification which can
tailor polymers in order to modify their surface energy and
adhesion to other materials. The most important feature of
the plasma technique is that the surface properties of poly-
mer can be modified without changing their intrinsic bulk
properties. It is well known that plasma modification of
polymers leads to changes in surface and adhesive proper-
ties. Depending on the gases used, different functional
groups are formed in a thin surface layer of the polymer.

The surface and adhesive properties of polyethylene
terephthalate (PET)*” modified by surface barrier dis-
charge (SBD) plasma at atmospheric pressure and/or ra-
dio-frequency discharge (RFD) plasma at reduced pressure
(P=45Pa) have been studied. The influence of low-
molecular weight-oxidized material (LMWOM) on surface
and adhesive characteristics of PET, which is a generally
accepted effect in the case of electric discharge plasma
modification of polymers®, has been also investigated. It
has been concluded that surface energy and its polar com-
ponent of PET modified by SBD and/or RFD plasma sig-
nificantly increased in comparison with unmodified poly-
mer. The peel strength of the adhesive joints PET modified
by SBD plasma — polyacrylate in N, and/or O, increased
with time of the activation by plasma.

The values of the surface energy of PET modified by
SBD plasma significantly diminished due to ageing. The

PMA 2007 & 19th SRC 2007

s59

Posters

samples of PET modified by plasma have been washed
with methylalcohol. It was observed that ageing of washed
sample was less intensive in comparison with unwashed
sample of the polymer. The values of surface energy for
washed and unwashed PET foils modified by SBD plasma
were after 30 days of ageing almost identical.

Acknowledgement. Projects APVV 99-035004 and VEGA
2/7103/27
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One of the main priorities in rubber industry is ecolo-
gisation of rubber compounds in according with high qual-
ity of products. Many accelerators, that are important com-
ponent in all sulphur curing systems, must be considered
as critical from toxicological aspects. Accelerators, con-
taining secondary amine fragments may to form dangerous

cancerogenic Nitrosamines according to the reaction':
R\

N=H + N,O,
R

R\
N—N=0 + HNO,
/

R

The creation of Nitrosamine-free vulcanization sys-
tems is one of the importent environmental problems in the
car tyres production. Present work deals with formation of
Nitrosamine-free vulcanization system of rubber compond
for passenger car tyres by the method of substitution of
commercially used sulphenamide accelerator (Vulkacit
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DZ) with some new accelerators on the base of Dithio-
phosphates, that do not form dangerous Nitrosoamines.
Advantages of dithiophosphate accelerators are well-
known”.

The new Nitrosamine-free vulcanization systems
were prepared with the addition of three new dithiophos-
phate accelerators (Rhenocure SDT, Rhenocure ZDT and
Rhenocure TP)®. In the function of plasticizer was used
low-aromatic oil (RAE). Vulcanization characteristics and
physical properties of new prepared systems were com-
pared with the properties of commercial rubber compound
for passenger car tyres.

The results of measurements suggest on synergistic
effect of combination Zn-dithiophosphate (Rhenocure
ZDT, Rhenocure SDT) with Vulkacit DZ*.

Acknowledgement. The authors wish to thank the Slovak
Grant Agency VEGA and Slovak Grant Agency KEGA for
financial support (VEGA No.1/3161/06), (KEGA No.
3/3230/05).
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STUDY OF THE ELECTRICAL PROPERTIES
OF RUBBER/CARBON BLACK COMPOSITES
DURING UNIAXIAL DEFORMATION
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Polymer Institute, Slovak Academy of Sciences, Dubravskad
cesta 9, 842 36 Bratislava, Slovakia
upolpodh@savba.sk

During the past years growing interest has been de-
voted to the study of the electrical properties of flexible
conducting composites during mechanical deformation.
Two types of deformations can be used, pressure or longi-
tudinal deformation. The effect of pressure during mould-
ing on the electrical resistivity of elastomers was published
by Thompson et al.". They observed a decrease of several
orders of magnitude in electrical resistivity of Neoprene
GRT/carbon black composite when applying pressure.
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Suggested mechanism explaining the effect is the forma-
tion of covalent bonds between carbon black particles that
are pushed into closer proximity due to high pressure in
the mould. Similar trends were observed for other rubbers
composites containing EPDM, acrylonitrile, and NBR as
a matrices”.

In our work the influence of longitudinal deformation
on the changes of electrical properties of conducting com-
posites was investigated. Two composites, ethylene-
propylene rubber (EPDM Keltan 4703, DSM, The Nether-
lands) or styrene butadiene rubber (SBR, SKS 30, KAU-
CUK a.s. — Unipetrol group, Czech Republic) filled with
35 wt.%. carbon black (Vulcan XC-72R, Cabot Corp.,
USA) were prepared by melt mixing. Testing specimens
were prepared by compression moulding at 145 °C for
30 min followed by fast cooling at ambient conditions.
Two Cu wires were attached as contacts on the both ends
of each specimen. Conductivity of EPDM/CB composite
was 2-107 S cm™', while for SBR/CB composite one order
of magnitude higher conductivity, 6-102Scm™’ was
found. Changes of electrical current were measured in
dependence on mechanical deformation consisting of three
consecutive steps. The first one is longitudinal deforma-
tion of the sample to 50 %, 100 % or 200 % of the original
length. The second step is relaxation of mechanical stress
in the extended state of composite during 30 min. The last
step is recovery of the conducting system after quick re-
lease of the mechanical stress.

Longitudinal deformation of the EPDM/CB sample
resulted in a decrease of conductivity due to induced disin-
tegration of conducting links between the conductive filler
particles. During the initial elongation of SBR/CB com-
posite, a decrease of current is observed followed by an
increase after few seconds. This phenomenon can be ex-
plained by orientation of SBR chains during longitudinal
deformation.

We have found that different behaviours of compos-
ites with EPDM and SBR matrices depend on structures of
rubber matrix and on interactions between matrix and con-
ducting filler. During relaxation in elongation state an
increase of the current was observed which was explained
by partial reconstruction of conducting paths in compos-
ites. After releasing the mechanical stress, rapid decrease
of current was measured, but conducting paths recovered
partially during 20—40 min of relaxation.
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One of the requirements for fibre materials designed
for automobiles, an area sensitive for electrostatic dis-
charges and field, are their adequate electrical proper-
ties. The electric resistance for classic synthetic fibres is
10"-10" Qm. In order to increase the fibre materials secu-
rity in automobiles the fibre materials are being functional-
ized focusing on electric properties. There are different
modifying proceedings how to increase electrical properties
on the level of polymers, fibre materials surfaces or by
implementing carbon and metallic fibres to textiles'?.

The pigments based on aluminium and carbon —
graphite and Printex L-6 are used in our paper for blocking
electrostatic charge creation on surfaces of polyethyle
terephthalate (PET) and polypropylene (PP) fibre materi-
als.

The measured values of volume and surface resistiv-
ity were used to evaluate their dependence from type of
pigment, way of pigment fixation and pigment concentra-
tion. The effect of fibres’ surface functionality was evalu-
ated based on electrostatic surface potential measurement.

Based on the achieved results, the Printex L-6 pig-
ment is the most effective pigment of all among the evalu-
ated ensemble. The Printex L-6 (5%) pigment causes de-
crease of fibres’ surface resistibility from 10" Q to 10" Q
and decrease of volume resistivity from 10> Q m to 10°Q m.
The creation of surface electrostatic potential on pig-
mented surfaces of fibre materials is inhibited.

The pigmentation of surfaces of the PET and PP tex-
tile materials with pigments based on carbon classifies
their electric properties to the category of semi-conductors.
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The main task of this work was to prepare modified
polyamide 6 (PA 6) fibres by commercial nano-additives
and to study the influence of nano-additives to mechanical
properties of fibres.

Composite consisting of a polymer and layered sili-
cate (modified or not) frequently exhibit improved me-
chanical and material properties when compared to those
of polymers containing a small amount (<5 wt.%) of lay-
ered silicate'.

The fiber structure formation was affected by the
takeup velocity, the conditioning after spinning. Only
a few investigations of the melt or solution spinning of
polyamide nanocomposite are available”.

PA 6 fibres were modified with 0.25, 0.50, 1.00, 1.50
and 5.00 wt.% of Cloisite 15A and Cloisite 30B.

The main influence to the end-use properties has the
content of nano-additives in modified PA 6 fibres.

The mixtures consisting of PA 6 and nano-additives
was melted on twin-screw co-rotating extruder (LabTech
Scientific) and chips of modified PA 6 were prepared.

The spinning of blends was performed on the labora-
tory model equipment with and without the lubricant.
Drawing of prepared fibres was performed on laboratory
drawing unit. For valuation of mechanical properties were
made three drawing ratios (A= 3, 4, 5).

Properties of modified PA 6 fibres like fineness, ten-
sile strength, modulus and elongation at break (Instron
3343) were determined.
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The cured elastomeric composites with magnetic and
non-magnetic fillers have characteristic elastic and mag-
netic properties, too. They are interesting commercial ma-
terials thanks to their wide application in clamps, refrigera-
tor door latches, intelligent tires, bearing sleeves, etc.
Compared to the ceramic magnets, the elastomeric mag-
netic composites offer a greater degree of design flexibility
and improved processibility. Ferrites are one of the best
magnetic fillers for the preparing of the elastomeric mag-
netic composites. They are inexpensive, stable and have
wide range of technological applications "

The aim of this work is to present some results ob-
tained by the studying of the physical-mechanical and
magnetic properties of cured composites on the basis of
unsaturated elastomers (natural rubber, butadiene and bu-
tadiene-styrene rubbers) filled with the combination of
carbon black (N-330 and N 550 type) and strontium hex-
agonal ferrite SrFe;;0y9, type FD 8/24 (coercive force
155 kA m™', remanent magnetization Br 235 mT, average
particle size ranges 1-30 um). The composites were com-
pounded in laboratory mixer FARREL BR 1600 and cured
in a hydraulic press at 150 °C and 20 MPa. The room tem-
perature magnetic measurements of prepared composites
were carried out using TVM-1 magnetometer at a vibra-
tion frequency 80 Hz and sensitivity 10-11 Wb. Their
tensile properties (modulus, tensile strength, elongation,
hardness) before and after thermo-oxidative ageing (Geer's
method) were measured according to the corresponding
ISO-norms. The crosslink density was determined from
the results of their swelling in xylene, using Flory-Rehner
equations modified by Krause for the filled cross-linked
composites.

The study was based on two-factor five-level plan-
ning experiment. As independent variables weight ratio of
strontium ferrite (F) to carbon black (C) x; = F/C and total
content of strontium ferrite and carbon black x, = F+C
have been chosen. The experimental results (physical-
mechanical properties and remanent magnetization Br of
prepared composites) were treated by the complete regres-
sion analyses, using the general regression equation (/) in
the form:

Y =bg +bix; +byxa + byixia + biaxixa + byxan (1)
where Y — evaluated parameter, by, by, by, byy, byz, by —
regression coefficients, x;, X, — independent variables on
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the coded levels.

The variability of the individual dependent parameters
due to the experimental error of their estimation as well as
their variation due to the inaccuracy of the used regression
model was specified by means of a variance analysis. The
adequacy of the regression equations was evaluated by ap-
plying an F-test on the significance level a. = 0.05.

The statistical treatment of the experimental results
showed that the chosen factors — the weight ratio of ferrite
and carbon black F/C and the total content of both fillers
F+C in rubber compounds — affected the appreciated
physical-mechanical properties of the prepared cross-
linked composites and their remanent magnetization, too.
The modulus (Magg, M09, Msgg) and tensile strengths are
non-linearly decreasing with the increasing of F/C, hard-
ness and elongation are changed slightly with this factor.
The total content of fillers in rubber compounds has an
influence on tensile strengths of cross-linked composites,
predominantly. Remanent magnetization B, of prepared
composites is non-linearly increased mainly in the area of
higher total content of both fillers F+C and weight ratio of
magnetic and nonmagnetic fillers F/C, too. Because the B,
values are relatively high, it can be predicted that in this way
prepared elastomeric magnetic composites have appropriate
magnetic properties usable in suitable application.

The residual values of modulus after thermo-
oxidative ageing are higher than the modulus of the origi-
nal probes. The highest values of modulus and also the
tensile strengths have composites with low content of fer-
rites. The extension of the ageing is connected with the
deterioration in these properties. The extension of ageing
time is also connected with the slightly increasing of hard-
ness and decreasing of elongations, simultaneously.

In the network of the prepared cross-linked compos-
ites were determined predominantly polysulfidic and
monosulfidic cross-links at the low values of F/C and
polysulfidic and disulfidic cross-links at higher values of
F/C, respectively. The ageing results in the decreasing of
polysufidic cross-links and increasing of disulfidic cross-
links, too.

The obtained results showed that composite materials
with magnetic properties can be prepared by the com-
pounding of unsaturated elastomer systems and ferrites
and their following sulphur cross-linking at the appropriate
conditions. The physical-mechanical properties, their
changes during the thermo-oxidative ageing and remanent
magnetization B, are dependent on the ferrite content in the
elastomer compounds.
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In the work the trade-off studies of ball and socket
joints with POM and PA 6.6 inserts for BMW series 3 has
been shown. The joints has been tested on the special
equipment, where the elongation, tensile and impact
strength has been investigated. The static measurements
have been made with working load 30-50 kN and drawing
speeds 1, 10, 20 mm min~". The dynamic tests applied the
forces in the range between 30-55 kN. The real forces
present in the ball and socket joint has been determined
during the car trial run on the racing track in Nuerburgring
and Hendlingkurs in Germany. The measured amplitude of
the forces was 40 kN (from —24 kN to +16 kN).

The results of static and dynamic measurements of
ball and socket joints with POM and PA 6.6 inserts are
presented appropriately in tables I and II.

Looking at the results of the measurements we can
see that the POM inserts have much higher stiffness to
compare with PA 6.6. The POM parts loose quickly me-
chanical strength when the load exceed 40 kN, but high
temperature not cause the clearance in ball and socket
joints what was observed for PA 6.6 inserts above 70 °C.
For POM inserts the cracking of sleeve was also observed
for the load higher than 55 kN but it take place when the
speed of the impact hammer is 7,11 ms™' and have the
energy of 850 J, which represent extreme values. Due to
such properties of ball and socket joints every year more
and more car producers take the decision to use the joints
with POM inserts. Such a solution has been also used for
BMW passenger cars series 3.

Table I
Results of the static tests of ball and socket joints
Load POM Insert PA 6.6 Insert
[kN] 6 [MPa]  ¢[mm] & [MPa] € [mm)]
30 65,5 0,070 34,4 0,088
40 40,3 0,097 26,7 0,112
50 20,6 0,144 22,0 0,146
Table 1T
Results of the dynamic tests of ball and socket joints
Load POM Insert PA 6.6 Insert
[kN] 6 [MPa]  ¢[mm] & [MPa] € [mm)]
30 75,1 0,068 63,2 0,064
40 50,3 0,081 51,1 0,079
50 24,0 0,130 32,0 0,112
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The low values of surface energy of low-density poly-
ethylene (LDPE) can be significantly increased by using
various methods of surface modification. The higher sur-
face energy of LDPE is necessary for bonding or printing.
The most advanced method of LDPE surface modification
is based on modification by barrier discharge plasma'™.
The surface of LDPE was pre-treated at various times by
dielectric surface barrier discharge (DSBD) plasma in O,
and/or N, at atmospheric pressure. The changes in surface
properties of LDPE modified by plasma*® were analyzed
using contact angle measurements, as well as Scanning
Electron Microscopy (SEM) measurements.

The contact angles of polar testing liquids on the sur-
face of LDPE modified by DSBD plasma in O, with time
of activation decreased. The contact angles of polar liquids
(e.g. water, ethylene glycol, formamide) decrease signifi-
cantly even for short time (5 s) of activation of LDPE by
DSBD plasma due to an increase of the surface polarity.

The changes in surface topography of LDPE modified
by DSBD in O, were evident (increase of the roughness),
in the case of modification of LDPE by DSBD in N, no
meaningful changes were observed.

Surface properties LDPE modified by DSBD plasma
were substantially higher regarding to unmodified polymer
due to higher polarity of the polymeric surface. SEM mi-
crophotos show the roughening of the LDPE surface modi-
fied by DSBD mainly in O, atmosphere as a consequence
of the DSBD plasma modification.
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The interest in metal coated carbon black filled rubber
compounds has grown over the last years as a consequence
of their improved mechanical and electro-magnetic proper-
ties with respect to other types of filled, and of unfilled
rubber compounds. This poster illustrates the investigation
of the influence of metal coated carbon black particles
(CB) (nickel, iron coated CB) on the magnetic, the me-
chanical, and the reinforcing effect in different rubber
composites, i.e. CB filled natural and synthetic rubber
composites, and metal coated CB filled composites. The
incorporation of magnetic fillers in the rubber matrix im-
parts magnetic properties. Besides, it is expected to
changes other physical properties of the compound.

Because the macroscopic and mechanical properties
of filled composites depend strongly on the polymer ma-
trix, magnetic fillers, and interfacial interaction between
the components, knowledge of the optical parameters
(complex dielectric constant and complex magnetic sus-
ceptibility) knowledge of the latter is necessary to relate
the mechanical properties to the compound’s microscopic
structure. The electro-magnetic properties are investigated
as a function of applied magnetic induction, applied irra-
diation frequency and of applied temperature.
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Very thin inorganic layers (e.g. SiO, called glass like)
were extensively studied in last years in combination with
plastic foils as excellent barrier layers against permeation
of gases and moisture'”. However, application of inor-
ganic layers changes also mechanical properties of a sub-
strate foil. Particularly, disruptive barrier of the system
enhanced, so the breakthrough or cut resistance is higher,
similarly to the strengthening effect of glass fibre fabric in
foils, laminates or composites that is very well known.
Because of the tendency to develop relief cracking, the
layers must be thin (~ 50 nm) and overcoated by protective
and fixation polymeric layer, e.g. by crosslinked heter-
opolysiloxanes™*.

Nanocomposite laminates of SiO./poly(ethylene tere-
phthalate) (PET) with different thickness of oxide layer
deposited by vacuum evaporation and different covering
layers were characterized by SEM microscopy, surface
energy, water adsorption, FTIR spectroscopy including IR
photoacoustic spectra and other techniques. Mechanical
properties were tested by tear strength and by special dis-
ruptive test using newly designed puncture tester’ that
gives the puncture depth of a metal spike penetrating
through the foil.

It was found that inorganic oxide layer (much thinner
than substrate foil) causes little changes in tear stress char-
acteristics, while the breakthrough parameters are changed
considerably with the presence of oxide layer.

The very interesting IR photoacoustic spectra corre-
late better with the presence of oxide nanolayers than stan-
dard absorption spectra measured by reflection ATR tech-
niques.
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