
Chem. Listy 105, s233s416 (2011)                       PMA 2011 & RubberCon 2011                                            Contributed Lectures 

s275 

CL-11 
EFFECTS OF CRYOGENIC TREATMENT ON THE 
PROPERTIES OF TYRE PRUDUCTION WASTES  
 
BAĞDAGÜL KARAAĞAÇ*a, VELİ DENİZa, 
and MURAT ŞENb 
 
a Kocaeli University, Engineering Faculty, Chemical Engi-
neering Dept,  Umuttepe Campus, 41380 Kocaeli / Turkey, 
b Hacettepe University, Faculty of Science, Chemistry Dept. 
Beytepe Campus, 06800 Ankara / Turkey 
bkaraagac@kocaeli.edu.tr, vdeniz@kocaeli.edu.tr, 
msen@hacettepe.edu.tr  
 

Recent waste management strategies focus on the pre-
vention of wastes. Therefore, any kind of wastes should be 
reduced as much as possible where they are produced. Wastes 
of tyre industry can be classified as used tyres, green tyre 
wastes, unvulcanized tread wastes, laboratory wastes, inner 
tube and bladder scraps, reinforcing material wastes and other 
compound scraps. In recycling plants, each kind of vulcanized 
and unvulcanized wastes can be recycled by various tech-
niques1. In reinforcing materials group, textile fabric wastes 
can be recycled as regenerated rubber after removing the tex-
tile component2. It is difficult to separate the rubber com-
pound and metallic cord in the calendered fabric and/or green 
tyres due to its sticky character. In many applications, these 
wastes are vulcanized in autoclave and then recycled with the 
other vulcanized wastes, i.e. with used tyres. In some cases, 
metallic fabric wastes are burned in the field to recover metal-
lic cord, illegally and environmentally unfriendly. It has not 
been reported any methodology in literature for recycling of 
calendered metallic fabric and green tyre wastes, produced in 
tyre industry.  

In this study, the conditions of cryogenic recycling of 
metallic fabric wastes and the possibility of reuse their com-
pound part have been investigated. Metallic fabric wastes 
used in this study were obtained from the local tyre manufac-
turing factories in Kocaeli. Solid CO2 and liquid N2 were used 
as coolant. Cold and brittle material was separated into two 
phases as rubber compound and steel by mechanical treat-
ment. The conditions of cryogenic recycling and the possibili-
ties of reusing rubber compound of these wastes were investi-
gated. The changes in physical, mechanical, and rheological 
properties of the compounds after cryogenic treatment were 
investigated. 

It has been observed that the adhesion values, rheologi-
cal and mechanical properties of compounds obtained from 
wastes were worsened by a maximum of %10 with decreasing 
dispersion quality. It has been concluded that cryogenic tech-
nique can be used for recycling of reinforcing materials such 
as calendered metallic fabric and green tyre wastes without 
any decreasing in their commercial values.  
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An advanced method of describing the impact of rough-

ness on contact angles of different rough and varnished elas-
tomers is presented here. The composition of coated elastom-
ers was analysed by ATR-IR and SEM-EDX. The topography 
and coating thickness were examined by SEM and digital 
microscopy. Dynamic contact angles were estimated for sol-
vents of different polarity by using the Wilhelmy method. The 
hysteresis of the contact angles was correlated with roughness 
parameters which were obtained by white light interferometry 
and measurements with the stylus instrument. From the con-
tact angles, the polar and disperse parts of the surface energy 
were calculated by the OWRK method. 

 
 

Introduction 
 
The characterization of solids by wetting experiments 

has attracted a lot of attention over many years. Wettability 
plays a very important role in the fields of adhesion, printing, 
cleaning and lubrication. Many different systems have been 
investigated so far. It is difficult to have a physically and 
chemically inert, smooth, homogenous and rigid solid which 
is necessary to measure Young`s contact angle1. Such condi-
tions are rarely encountered in many practical situations. The 
contact angle is influenced by surface patches having different 
chemical composition and the roughness of the surface2. Up 
to now, it has not been fully explained how physical rough-
ness  and chemical  heterogeneity,  especially  with  isolated 
defects, affect the contact angle which is an important pa-
rameter to calculate the surface energy of solids24. Little 
work has been done to correlate contact angle hysteresis with 
roughness parameters, such as fractal dimension and height 
profile data5,6. The change of a contact angle at a certain 
roughness paramter has not yet been investigated. Only the 
mean  roughness  index  represents  a  parameter  which  is  
widely used in literature to describe the roughness of a sur-
face7. To address this issue, we used different smooth and 
rough elastomers with coated laquers to investigate the influ-
ence of roughness and surface composition on contact angles, 
contact angle hysteresis and surface energy.    

 
 

Experimental 
 
The samples were prepared as follows: S-SBR (VSL-

2525-0) filled with 50 phr of carbon black N 339 was pre-
pared via a conventional sulphur vulcanization system. Four 
surfaces with different textures of vulcanization plates were 
processed, cleaned with isopropanol and coated entirely with 
one  of  the  four  varnish  systems:  PTFE  (polytetra-
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fluoroethylene),  TPU (thermoplastic  polyurethane),  PDMS 
(poly-dimethylsiloxane)  and  PU  (polyurethane).  Subse-
quently, the samples were heated up to 120140 °C for 25 
minutes. The roughness of the samples was studied using 
a white light interferometry instrument (FRT). A velocity of 
0.1 mm s1 and an area of 4 mm2 were employed. Addition-
ally, a stylus instrument UST 1000 (Innowep) was used with 
the following conditions: distance: 40 mm, velocity: 3 mm s1, 
force: 10 mN, stylus: 90° diamond. For performing wetting 
experiments  with  the  Wilhelmy  method,  the  DCAT  11      
(Data Physics Instruments GmbH) was applied. A set of dif-
ferent test liquids over a wide range of polarities was used to 
obtain advancing and receding contact angles. Three different 
samples for each solvent were taken into account. Contact 
angle hysteresis, being a measure for roughness, was calcu-
lated as the difference from advancing and receding contact 
angles for each sample. Digital microscopy and SEM were 
used to determine the coating thickness and the topography of  
the elastomer composites. The composition of the lacquers 
was analysed by ATR-IR and EDX mapping. 

 
 

Results and discussion 
 
To investigate the roughness of the coated and reference 

samples, white light interferometry measurements were car-
ried out. Fig. 1 represents a white light interferometric micro-
graph of a smooth SBR sample (left) and the corresponding 
rough sample (right) both coated with a PTFE varnish. The 
coating of the lacquer on the rough surface reveals that the 
height differences increase significantly as opposed to the 
smooth equivalent. Possibly, the varnish does not penetrate 
fully into the surface grooves.  

For the evaluation of the white  light interferometry 
height data, a Gaussion fit was used. As shown in Fig. 2, the 
fit curve  describe the data points quite well.  

The parameter σ representing the half width of a height 
distribution is regarded as a parameter for the roughness of 
a surface. Advancing and receding contact angles of the four 
different varnishes on smooth and rough SBR were measured 
by the Wilhelmy method as previously shown9. Contact angle 
hysteresis values correlate quite well with the σ-values as it is 
revealed in Fig. 3. In addition to this, σ values are also in 
good accordance with values of the mean roughness index Ra 
measured by a stylus intrument. As expected, ∆θ-values for 
the very smooth SBR surface (reference) are very low in con-
trast to the varnished samples and rough SBR. The latter 
shows a significant decrease of hysteresis values (Fig. 3) with 

decreasing polarity of the solvents due to a strong roughening 
effect. Surface casting with PTFE implies a higher σ-value as 
shown in Fig. 2 and 3. This is also confirmed by the fact that 
the σ-value for the rough SBR sample increases from 4.5    
(Fig. 3) to 7.9 (Fig. 2) for the rough sample with PTFE coat-
ing. This is due to the fact that the roughness as well as the 
surface composition contribute to the roughness of the sample. 

The PTFE and the TPU lacquers exhibit the biggest 
differences with respect to the roughness parameters because 
of the particles in the PTFE varnish and the surface patches of 
TPU. PU shows the highest values due to the formation of 
spherical structures which occur during the drying of the lac-
quer film.  

Fig. 4  shows the plots of the dynamic water and thiodi-
ethanol contact angles as a function of the dynamic hysteresis 
for SBR filled with carbon black with varied surface rough-
ness. Water is the most polar among the five and thiodiethaol 
the most unpolar solvent. For both solvents there is no rele-
vant difference as far as the wetting behaviour is concerned. 
A linear extrapolation (solid lines) to the intercept with the y-
axis indicates the equilibrium contact angle at which no influ-
ence of roughness can be verified10. Furthermore no differ-
ence is observed between dynamic angles for surfaces with 

Fig. 1. White light interferometric micrographs of a smooth (left) 
and rough (right) SBR sample coated with PTFE varnish  
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Fig. 2. Histogram of the height differences versus the z-height and 
the Gaussian fit curve for a rough SBR sample coated with PTFE 
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dynamic hysteresis and thus roughness of less than 5°. This is 
in good accordance with previous investigations10. 

 
 

Conclusions 
 
The varnished elastomer composites were analysed with 

respect to their chemical composition which influences con-
tact angles. Advancing and receding contact angles as well as 
the correlation of hysteresis values with roughness parameters 
are reproducible. Roughness analysis is necessary, because it 
influences the surface energy and friction behaviour9. It is 
found that a rougher sample causes a rise in the contact angle 
hysteresis. An analysis of this effect by the method of Ka-

musewitz et al.
10 gives further evidence of surface roughness 

on contact angle measurements allowing for an estimation of 
the equilibrium contact angle.  

 
This work was supported by the Arbeitsgemeinschaft indus-
trielle Forschung (AiF-grand 15810 BG). The sample prepa-
ration by the Forschungsinstitut für Leder- und Kunststoff-
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Introduction  
 

The extensive research efforts devoted to the develop-
ment of    polymer nanocomposites during the last decade 
made available a number of new materials with exceptional 
properties. The most explored one is polymer nanocomposites 
based on layered clay mineral montmorillonite (MMTs) and 
carbon nanotubes (CNTs). Surprisingly, halloysite (HNTs) 
with its unique crystal structure has until recently not been 
considered as an alternative to MMTs and CNTs.  

Halloysite (HNTs) is a natural layered 1:1 aluminosili-
cate (Al2Si2O5(OH)4 . 2 H2O) clay mineral. The most common 
halloysite particle morphology is an elongated hollow tubular 
structure with a large aspect ratio, similar to that of CNTs 
(ref.1).  

Advantage of HNTs as opposed to MMTs is that in high 
polar polymer matrix composites efficient dispersion of the 
nanotubes and significant improvement of strength and tough-
ness can be achieve by using unmodified halloysite3,4

.. Con-
trary, in nonpolar polymer matrix in addition of chemical 
modification/intercalation of clay (MMTs and HNTs), it is 
necessary  to  apply  interfacial  modifiers  (i.e.  MAPP)  to 
achieve improvement of end use properties 5,6.  

In our earlier work it was found that 1,3-phenylene di-
maleimide (BMI) is a highly effective interfacial modifier for 
non polar polymer (PP, PE) composites based on unmodified 
(Na-MMTs) as well as organically modified (o-MMTs) mont-
morillonite. In addition to a significant increase of interface 
interactions in o-MMTs nanocomposites, reactive processing 
with BMI supports the delamination of MMTs tactoids to-
gether with improving the degree of platelet dispersion7. 

This work highlights the role of another dimaleinimide 
derivate,  4,4’-diphenylmethylene-dimaleinimide (DBMI) as 
a reactive modifier on structure and properties of montmoril-
lonite and halloysite nanocomposites.  
 
 
Materials 
 

Polypropylene homopolymer SABI 575 P [Melt flow 
rate 11.0 dg min1(230 °C/2.16 kg)]. Two layered silicate 
nanofillers have been evaluated: 
 organically modified MMT (o-MMT) Nanoblend™ Con-

centrate (NB1001) obtained from PolyOne Corp, (USA), 
 tubular untreated halloysite from location Biela Hora, 
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(Slovakia).  
As a reactive modifier DBMI from VUCHT, Bratislava, 

Slovakia has been used: 
 

 
 
 
Analysis and characterisation  
 

The composites were formed from polypropylene and 
MMT (540 wt.%) together with DBMI (0.5 to 3 wt.%) via 
melt mixing in a Brabender W50-E chamber fitted with cam 
blades. Mixing temperature was 200 °C and rotor speed was 
180 rpm. 

Structure of nanocomposites has been studied by wide-
angle X-ray diffraction patterns (WAXS) using a powder 
diffractometer  (the  HZG/4A  Präzisionsmechanik  GMBH, 
Germany). Composite fracture surfaces were examined using 
a TESLA BS 300 combined scanning and transmission elec-
tron  microscope.  For  transmission  electron  microscope 
(TEM) observations ultrathin (60 nm) sections were cut under 
liquid N2, from a stained (RuO4 vapor for 90 min) sample 
using an Ultracut UCT (Leica) ultramicrotome. Tensile tests 
were carried out at 22 °C using an Instron 5800 tensometer at 
a crosshead speed of 50 mm min1  
 
 
Effect of DBMI on structure of PP/MMT 
and PP/HNTs nanocomposites  
 
The effect of DBMI on dispersion of MMTs tactoids is clearly 
evident from WAXS observations. Fig. 1 shows data for com-
posites based on PP containing 5 wt.% NB1001.  

Addition of DBMI resulted in reductions of the intensity 
of the (001) reflections and improved also the degree of plate-
let dispersion. This effect is even higher than it was observed 
in other BMI modified PP/ o-MMTs (Nanocor, Cloisite 30B, 
Nanofil 5) nanocomposites6. 

As  it  is  evident  from  the  TEM  images  of  cryo-
microtomed  sections  of  PP/NB1001  nanocomposites,  the 
addition of DBMI resulted in reduction of clay tactoids size.  

N N

O

O

O

O

The effectiveness of DBMI in increasing the level of 
filler-matrix interaction can be readily seen in SEM images of 
fracture surfaces PP/NB1001 nanocomposites. In the unmodi-
fied composite (Fig. 3a) relatively poor filler matrix interac-
tion is  manifested,  whilst  in DBMI modified composites 
much better adhesion of clay particles to the matrix is evident 
(Fig. 3b). 

 
The addition of DBMI to the PP/HNTs composite had 

no effect on the crystallographic properties as shown in Fig. 4. 
It means that the coupling of the clay particles to the polymer 
via DBMI is an interfacial reaction.  

Fig. 1. XRD patterns for (1) PP containing 5 % w/w NB 1001  and 
(2) PP containing of 5 % w/w  NB 1001  and 1 % w/w DBMI 

a     b 

Fig. 2. TEM images of PP/Nanoblend 1001 nanocomposites; (a) 
without DBMI and (b) with DBMI 

a     b 

Fig. 3.  SEM images of fracture surfaces PP/Nanoblend 1001  
nanocomposite; (a) - without DBMI, (b) with DBMI 

Fig. 4.  XRD patterns for (1) PP containing 5 % w/w halloysite  
and (2) PP containing of 5 % w/w  halloysite  and 1 % w/w DBMI 
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Effect of DBMI on properties of PP/HNTs 
nanocomposites  
 

In our previous work8 BMI has been shown to be effec-
tive at improving the properties of composites based on high 
inorganic filler loadings. The evaluation of effect of DBMI on  
mechanical properties of PPHNTs composites with low and 
high HNTs content is presented in Table I and Fig. 5.  
 

The results in the Table I confirm that by reactive proc-
essing with DBMI simultaneous improving of HNTs disper-
sion and interfacial adhesion (observed by SEM) leads to 
higher strength and stiffness.  
 

In composites with high halloysite content even much 
significant effect of DBMI on mechanical properties has been 
observed.  As it is evident from Fig. 5, addition 1 % w/w 
DBMI improved the tensile strength nearly at 50 %. When 
2 % w/w DBMI has been used, the tensile strength increasing 
of up to that of the unfilled matrix. 
 
 
Conclusions   
 

In the paper the effect of dimaleimide type reactive 
modifier on structure and properties of melt prepared PP 
nanocomposites has been studied. It was found that 4,4’-di-
phenylmethylene-dimaleinimide (DBMI) acts as a very effec-
tive coupling agent for montmorillonite and halloysite based 
PP nanocomposites. Reactive processing by DBMI led to 

significant improving of interface and fillers dispersion. The 
effect of DBMI  was confirmed by improving mechanical and 
thermal properties both PP/MMTs and PP/HNTs nanocompo-
sites.   
 
This project was supported by the Hungarian Ministry of 
Culture and Education under grant TÁMOP-4.2.2-08/1/2008-
0018. The financial and infrastructural support of the State of 
Hungary  and  the  European  Union  in  the  frame  of  the 
TÁMOP-4.2.1/B-09/1/KONV-2010-0003  is  also  gratefully 
acknowledged.  
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Abstract   

 
The results of measuring the antioxidative efficiency of 

stabilizers by the viscosity changes of a polymer and by the 
protection factor determined from differential scanning calo-
rimetry (DSC) tests were compared. Both methods showed 
relatively good correspondence for most of the tested antioxi-
dants. 

 
 

Introduction 
 
A considerable part of antidegradants in rubber industry 

are used as stabilizers added to elastomers after  polymeriza-
tion in order to protect them against thermo-oxidative effects 

Table I 
Influence of 5 %w/w untreated halloysite and 1 %w/w DBMI 

 Sample sb 
[MPa] 

E  

[MPa] 

ε 
[%] 

Neat PP 35,4 1340 8.6 
PP/5% HNTs 36,5 1440 4,9 
PP/5% HNTs/1 % DBMI 38,6  4,4 
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during their production, drying, storage and processing by the 
end-user during compounding. As our aim is to find balance 
between efficiency, cost and all the other properties, it is im-
portant to have rapid and reliable test methods for evaluation 
of their efficiency in elastomers. We have tested the effi-
ciency of stabilizers in emulsion type butadiene-styrene rub-
ber (E-SBR) through viscosity changes of rubber measured at 
different stages of its thermooxidative aging on one hand and 
on the other hand by DSC measurement to find the so-called 
protection factor of the tested stabilizers. 

 
 

Experimental 
 
To test the methods of evaluation of antioxidants, sam-

ples of E-SBR were prepared with various substances (more 
than 60 chemicals, mostly derivatives of diphenylamine and 
p-phenylenediamine, but also other groups of chemicals). In 
parts of the tests the stabilizers were added to the unstabilized 
latex before its coagulation. Preparing the rubber samples in 
this way the concentration dependence of efficiency of stabi-
lizers in the rubber could be clearly recognized by both meth-
ods, however, in these cases a certain part of the stabilizers 
did not enter the coagulated polymer, but remained in waters. 
So, to get more accurate results, we tried to get the stabilizers 
into in advance isolated unstabilized SBR in a mixing cham-
ber. 
 
 
Results and discussion 

 
The differences in the efficiency of various stabilizers 

were assessed through changes in the viscosity of SBR before 
and after chosen times of thermooxidative aging. Taking into 
consideration the large amount of prepared rubber samples, in 
order to increase the productivity of testing and to make it 
possible to distinguish better between the activities of stabiliz-
ers, mostly higher temperature (130 °C) has been used for 
thermooxidative  aging.  The  viscosity  measurements  were 
carried  out  by  using  Mooney  viscosimeter1,  and  RPA2 
(Rubber Process Analyzer)  at 100 °C. Both instruments 
measure the resistance of rubber against shear force. During 
the first stages of propagation of thermooxidative degradation 
of SBR, the chain scission occurs resulting in a reduction of 
chain length and average molecular weight, and subsequently 
in lower viscosity. During later stages of ageing as a sign of 
termination of thermal degradation, through the interaction of 
macro radicals the crosslinking appears, resulting in a three-
dimensional structure, in higher molecular weight and conse-
quently in higher viscosity. During these tests the stabilizing 
efficiency of the tested chemicals we tried to express by the 
time (t15%) of thermo-oxidative aging of SBR, during which 
the viscosity of the rubber does not fall by 15 % from the 
“unaged” value. Some results measured by the applied viscos-
ity method (RPA) can be seen on Fig. 1. 
     Simultaneously with the viscosity tests, the oxidation onset 
temperature  (OOT,  Ti)

3  of  the  prepared  SBR  samples 
(containing different “stabilizers”) was measured at various  
heating rates () on DSC. The results measured for an un-
stabilized and a stabilized SBR can be compared on Fig. 2. 
 

From the dependence of Ti  on heating rate the values of 
parameters A and D were calculated for each tested antioxi-
dant (equation (1)). 

 

Then, by using the above mentioned parameters A and 
D the  induction period of  oxidation (oxidation induction 
time,ti) for each “stabilizer” was calculated for a large scale of 
temperatures by using equation (2). 

By comparing the values of ti for stabilized rubber to 
that of unstabilized SBR sample, we have calculated the pro-
tection factor (PF) for each tested antioxidant for the chosen 
temperature range: 

Fig. 1. The viscosity changes of unstabilized SBR (No 2) and stabi-
lized SBR (No 3-16) during thermooxidative aging at 130 °C with 
expression of t15% (time during which the viscosity of the rubber does 
not fall by 15 % from the  unaged  value), RPA 
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Fig. 3 shows the differences in temperature dependence 
of the efficiency of some of tested chemicals. These results 
could be helpful in development of mixtures of stabilizers 
efficient in the desired temperature range.    
  

We have compared the results of viscosity and DSC test. 
On Fig. 4 the time of thermo-oxidative aging of SBR, during 
which the dynamic viscosity of the rubber (RPA) does not fall 
by 15 % (t15%) is compared to the calculated protection factor 
for the chosen stabilizers  at 130 °C. Both methods confirmed 
the excellent stabilizing efficiency of amine type stabilizers 
on  one  hand  (especially  of  derivatives  of  p-pheny-
lenediamine) and on the other hand, despite our expectations, 
all the synthesized triazine structures proved to be very poor 
stabilizers. 

    
Conclusions 

 
The comparison of the tested methods showed, that they 

both can be successfully applied in evaluation of antioxidative   

efficiency of stabilizers. The viscosity tests are more produc-
tive and closer to industrial practice. The DSC measurements 
enable to extrapolate the results to lower temperatures, i.e. to 
assess the lifetime of rubber compounds for a chosen tem-
perature. Both of them can be very useful in research and 
development of new stabilizing systems for elastomers. 
 
This work was supported by the Slovak Research and Devel-
opment Agency under the contract No APVV: 0446-07  and by 
Duslo  a.s.  
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Abstract 

 
Polyethyleneterephthalate  (PET)  fabric  surfaces  have 

been treated by deposition of pigment pastes and sol-gel 
method. The effect of used fixing agents on improvement of 
adhesion and selected end-use properties has been studied. 
The improvement of adhesion (according to dry and wet rub-
bing fastness), the contact angle of wetting and UV resistance 
were evaluated. 

 
 

Introduction  
 
Fibers and fibrous materials have high potential for their 

modification. The functionalization of fibrous material sur-
faces can be provided by physical, chemical or/and physical-
chemical modifications in order to reach qualitatively new 
properties. The purpose of the fibrous material surfaces func-
tionalization is that this material obtains some new properties, 
while conserves its original important properties. Producers 
try to produce goods according to special acquirements of 
customers and with minimal financial claims. The advantage 
of surface modification is maximal if it can be shifted to end 
of the technological process of production1. 

One of several possible surface modifications is the 
pigment printing. The absence of chemical bonds between the 
pigment and the substrate is overcome by addition of auxil-
iary fixing agents. 

The surface modifications of textile materials by inor-
ganic-organic nano-sol create transparent, elastic and solid 

Fig. 3. The obtained temperature dependence of efficiency 
(protection factor, PF) of some of the tested stabilizers in SBR 

Fig. 4. Comparison of the calculated values of protection factor 
(PF) for 130 °C obtained by DSC and values of t15% (time of 
thermo-oxidative aging of SBR, during which the dynamic viscos-
ity of the rubber (RPA) does not fall by 15 %) for different stabi-
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surfaces with an added value. Silicon-organic compositions 
provide the hydrophobic surface2. 

 
 

Experimental 
 

 Materials used 
 
Standard PET fabrics were pigmented on their surfaces 

with pigments based on carbon, titanium and aluminum hav-
ing pigment particles size in nano- and micro- dimensions. 
The pigments were implemented into a pigment paste. Com-
position of the pigmenting paste:  
1. 15 wt.% of pigment referred to the fabric’s weight  

Printex  L-6  (PL6),  graphite  (G),  Hombitec  S-100 
(HS100), ALBO 615 (A615);  

2. 10 wt.% of fixing agent referred to the fabric’s weight – 
acrylate  (AK),  polyvinylacetate  (DX),  styrenacrylate 
copolymer  Sokrat 4924 AF (ST); 

3. 10 wt.% of thickener (0.8 wt.% sodium alginate solution) 
referred to the fabric’s weight; 

4. Novanik 1010 and Slovafol 909 wetting reagents. 
The pigment paste was applied on to the PET fabrics by 

stippling by laboratory foulard with a 100 % wring. The fixa-
tion of the modified fabrics on their surfaces was carried out 
at elevated temperature T1 = 150 °C for 30 s and T2 = 200 °C 
for 60 s.  

Consequently, the testing material was covered with the 
sol prepared from SiO2 (Si(OEt)4 + EtOH +HCl). The sol was 
applied by a dip-coating technique at the constant tempera-
ture, constant speed of extending and atmospheric pressure.  

 
Method used 

 
Determination of rubbing fastness   

According to this method the stability of dyed textile 
materials dry and wet rubbing fastness are determined. Sam-
ples of fabric (white or black) are tested with a dry cotton 
fabric (dry rubbing fastness) and wet cotton fabric (wet rub-
bing fastness). Staining of the pigment into the comparative 
cotton fabric is assessed by a five step gray scale, and thus 
determines the stability of the coloring. Both, dry and wet 
rubbing were evaluated in accordance with STN EN 20105-
A03 and STN EN ISO 105-X12. Satisfactory levels of dry 
and wet rubbing fastnesses are 45 for dry rubbing and 35 
for wet rubbing fastnesses. 

 
Assessment of the contact angle of wetting  

The See System3 contact method based on monitoring 
testing liquid’s drop sitting on the surface of testing sample by 
camera system and measurement the contact angle of wetting 
via a computer program was used to asses the contact angle of 
wetting. The water was used as testing liquid.  

 
Barrier properties of fabrics against UV radiation  

The barrier properties of treated and untreated PET fab-
ric  were  measured  with  Libra  S12  spectrophotometer 
equipped with deuterium lamp. The barrier properties were 
determined on the basis of STN EN 1378-1:2001. The textile 
sample was stick on the special metal frame, put into spectro-
photometer and the UV radiation throughputs were measured 

in the range 200400 nm five times in four different positions. 
The program Acquire Toolbar was used for determination of 
the UPF factor for each fabric1. 

 
 

Results  
 
According to references4,5 three fixing agents were se-

lected; two of them commonly available multi-purpose agents 
based on acrylate (AK) and industrial PVAc derivative (BD 
Duvilax 20, DX). The third one was styrene-acrylic fixing 
agent (Socrates, ST) specially designed for textile materials. 

PET fabrics modified with pigment pastes have better 
dry rubbing fastness in comparison with wet ones. Dry rub-
bing fastness of 58 % samples meet the standard while in wet 
rubbing fastness it is only about 28 % of samples (Table I). 

From the point of pigment used the effectiveness of 
pigments decreases according to the following sequence: PL6 
< A615 < G << HS100. 

Table I 
Dry and wet rubbing fastness of PET textiles modified by 
pigment printing (2 wt.%) 

Pigment Fixing agent Rubbing fastness 
dry wet 

PL6 AK 2 1 
DX 2 1 
ST 4 3 

G AK 2 1 
DX 4 1 
ST 5 1 

HS100 AK 4  
DX 5  
ST 5  

A615 
  

AK 2 1 
DX 3 2 
ST 5 4 

Table II 
Dry and wet rubbing fastness of PET textiles modified by sol-
gel method, 2 wt.% of pigment 

Pigment Fixing agent Rubbing fastness 
dry wet 

PL6 AK 3 2 
DX 3 2 
ST 4 4 

HS100 AK 4  
DX 5  
ST 5  

A615 AK 4 3 
DX 4 3 
ST 4 4 
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From the Table I is evident that the best dry and wet 
rubbing fastnesses are reached if the pigment pastes were 
fixed with agents ST or DX.  

According to Table II, when sol-gel method was used, 
one can observes about 78 % accordance with the standard for 
dry rubbing of the samples treated with 2 wt.% of pigment in 
the pigment paste.  

 

 
The measurement of contact angle of wetting water was 

used as testing liquid. The comparison of effectiveness of 
three used fixing agents in pigmenting paste (AK, DX and 
ST) shows that fixing agent ST mostly influence the contact 
angle and water drops were absorbed the slowest. On the 
contrary fabric modified with the pigment paste containing 
agent DX was the most hydrophilic. 

As it is clear from Fig. 1 sol-gel treatment provides the 
hydrophobic textile surface. 

Among used pigments the pigment HS 100 acts as a UV 
absorber therefore samples modified with it and all three aux-
iliary agents were examined from the point of barrier proper-
ties. Best results were obtained with the pigment HS100 and 
Sokrat 4924 AF (Fig. 2). 

 

Conclusion 
 

1. PET fibrous materials modified with pastes containing 
four  different  pigments  and  three  different  auxiliary 
agents exhibit better dry and wet fastnesses. The best 
results are reached mainly with pigment ALBO 615 and 
Printex L-6 and auxiliary agent Sokrat 4924 AF. More-
over sol-gel method positively influences fastnesses. 

2. The contact angle of modified PET fibrous materials was 
the highest if auxiliary agent Sokrat 4924 AF was used 
and the lowest if auxiliary agent polyvinylacetate was 
applied.  

3. The highest UPF factor exhibits pigment HS 100 in com-
bination with auxiliary agent Sokrat 4924 AF. 
 

This work was supported by the Slovak Research and Devel-
opment Agency under the contract No. VMSP-P-014-09. 
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Elastomeric magnetic composites are possible to prepare 
by incorporation of magnetic fillers in polymer matrix1,2. The 
two different elements are attended to one structural unit, 
what brings new technological abilities and properties. The 
advantage of elastomeric magnetic composites are that their 
properties can be modified for the requirements of specific 
applications. Because of their elasticity and easy mouldability 
there are suitable for additive devices, where elasticity and 
flexibility are additional and important parameters. Moreover, 
they have very good magnetic properties. Rubber magnets can 
absorb shock and sound, so they can be applied in dc-motors, 
motor parts, memo holders, intelligent tyres, in microwave 
and radar technology, also in other technological applications.  

Ferrites represent well established family of magnetic 
materials. Metal ferrites with general formula MFe12O19 (M is 
divalent cation such as Ba, Sr, ect.) belong to the widely used 
magnetic materials. High values of magneto-crystalline ani-

Fig. 2. UPF factor of fabrics modified with pigment HS100 
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sotropy and saturation magnetization allow wide application 
of these materials as permanent magnets. Because of low 
price and very good chemical stability, ferrites are included in 
the most important magnetic materials, which cannot be eas-
ily replaced. 

In this work a preparation of elastomeric magnetic com-
posites and evaluation of magnetic filler influence on curing 
characteristics, physical-mechanical and magnetic properties 
of prepared composites were studied.  

Elastomeric  magnetic  composites  were  prepared  by 
incorporation of ferrite (F) as well as ferrite in combinations 
with carbon black (CB) in the rubber blend based on natural 
rubber. A standard sulfur-based vulcanization system was 
used. In the first type of composite, filled only with ferrite 
(type A), the content of magnetic filler was changed in range 
from 0 to 100 phr. Anisotropic strontium hexaferrite was pre-
pared by wet milling. Detailed characterization of applied 
ferrite is mentioned in Table I. 
 

Elastomeric composites, specified as B, were filled with 
combinations of ferrite and carbon black. The total content of 
both fillers was kept constant (85 phr), only the weight frac-
tion of ferrite in combination of both fillers (wf = F/(F+CB)) 
was changed.  

The influence of ferrite on basic curing characteristics, 
e.g. the scorch time tS1 and the optimum cure time tC90 was 
investigated. From Fig. 1 it is clearly seen that the presence of 
feromagnetic filler in rubber matrix leads to a decrease of 
optimum cure time as well as the scorch time of rubber com-

pounds A. The tC90 of maximum filled rubber compound de-
creased in about 10 % and the tS1 in about 21 % in comparison 
with tC90 or tS1 of ferrite free sample. 

By contrast, the optimum cure time as well as the scorch 
time of rubber compounds B was found to increase with in-
creasing content of ferrite in combinations of applied fillers 
(Fig. 2). The most significant increase of both curing charac-
teristics was observed in case of rubber blend filled only with 
magnetic filler. The tC90 of sample filled only with ferrite in-
creased in about 11 minutes, the tS1 in 7 minutes in compari-
son to evaluated parameters of sample filled only with carbon 
black.  

The results of study of physical  mechanical properties 
of composites A showed that ferrite present in rubber matrix 
has an influence on moduli especially, which increase sub-
stantially with increasing of magnetic filler loading. On the 
other hand the elongation at break was found to decrease with 
increasing amount of ferrite. At maximum ferrite loading 
there was recorded about 17 % of elongation at break in com-
parison to unfilled sample (Fig. 3). From Fig. 3 also becomes 
evident, that the influence of magnetic filler content on the 
tensile strength at break was insignificant.  

Characteristics Values 

Density  [g cm3] 4.73 

Specific surface area [m2 g1] 4.06 

Total porosity [%] 55.62 

Coercivity [kA m1] 117 

Remanent magnetic induction [T] 0.170 

Table I 
Strontium ferrite characteristics 
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As seen in Fig. 4, the elongation at break exhibits non-
linear increasing tendency with increasing of ferrite content in 
fillers combinations in vulcanizates B. In case of sample filled 
with 85 phr of magnetic filler there was observed nearly 
165 % increase of elongation at break in comparison with 
elongation at break value of sample with equivalent content of 
carbon  black.  In  contrast  to  vulcanizates  A,  the  tensile 
strength of vulcanizates B also increases in the whole exam-
ined ferrite concentration range.  There was possible to see 
the decline of moduli with increasing of ferrite weight frac-
tion in vulcanizates filled with fillers combinations. 

The magnetic characteristics, namely the remanent mag-
netic induction Br, the maximum magnetic induction Bm and 
the maximum magnetic polarization Jm show significant non-
linear increasing tendency with increasing of ferrite content in 
vulcanizates A as well as with increasing of ferrite content in 
fillers combinations in vulcanizates B (Fig. 5, 6).  
 

The results achieved by the study point out the possibili-
ties of preparation of elastomeric magnetic composites by the 
progresses generally used in rubber technologies. The pre-

pared materials have suitable magnetic and elastic properties. 
This work was supported by grant agency VEGA, project 
No.1/0575/09. 
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Abstract 
 

For rubber compounds and blends, carbon black (CB) 
and silica are the most widely used fillers in the rubber indus-
try to improve the static and dynamic mechanical properties 
like, modulus, tear strength, abrasion, and fatigue resistance. 
In the past years works were conducted to characterize the 
phase selective filler distribution and related mechanical prop-
erties of filled rubber blends,. The preferred localization of the 
filler is actually governed by thermodynamics as soon as 
rheological effects do not play a significant role. In the pre-
sent paper we propose a model for a quantitative prediction of 
the filler distribution in rubber blends at a thermodynamic 
equilibrium state. Using this model the physical background 

Fig. 5. Influence of ferrite content on remanent magnetic induc-
tion Br maximum magnetic induction Bm and maximum magnetic 
polarization Jm of composites A 
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of the filler distribution under influence of the addition of 
curing additives and coupling agent will be discussed.  
 
 
Model and experimental 
 
The filler fraction B-F/ in the phase B can be calculated as 
followed: 

where B-F is the part of the filler F in the phase B and  is the 
total weight of filler in the blend A/B. A, B and gF are the 
surface tensions of the phase A, B and F, respectively.  

The dependence of filler loading in the NR phase NR-F/
on F shows different behaviour in three ranges I, II and III 
(Fig. 1). In the range I, at low filler surface tension far away 
from NR an even distribution of filler is nearly received be-
cause filler shows similar bad affinity to both blend phases. 
With increasing F the filler fraction NR-F/ in NR phase 
increases and reaches 100% when F = NR. In the range II, 
passing NR the filler fraction NR-F/ decreases because the 
affinity of the filler to NR becomes worse and to NBR better. 
When F = NBR, a complete localization of filler in the NBR 
phase is obtained. In the range III, with increasing F the filler 
loading NR-F/ increases and approaches the value 50 % 
(even distribution) at a high filler surface tension far away 
from that of both blend phases. From the master curve pre-
sented above it is obvious to recognize some features. First, a 
nearly even distribution of filler can be achieved when the 
filler surface tension is far away from those of both blend 
phases (similar bad affinity of filler to both phases), or lies in 
between them (similar good affinity of filler to both phases). 
Second, a very strong dependence of the filler distribution on 

the filler surface tension is obtained in the range II. A small 
change of filler surface tension in this range can lead to an 
extremely large change in filler distribution. Third, according 
to the proposed model a localization of the filler at the inter-
phase is not a thermodynamic equilibrium state. It is only a 
result of an interplay between thermodynamic driving forces 
and rheological effects. 

In order to understand the effect of curing additives on 
the distribution behaviour of silica, NBR/NR blends filled 
with different silica loading were prepared by keeping con-
stant the loading of curing additives.  The silica fraction in 
NR phase NR-F/ of lowly filled blends (silica loading up to 
20 phr) was experimentally determined by means of the selec-
tive extraction method and of highly filled blends (50 phr 
silica) using the wetting concept. In Fig. 2 the silica fraction 
in NR phase NR-F/ is presented in dependence on the ratio 
additives/ and silica loading. Without curing additives NR-F/ 
= 34 % was determined as discussed above. With increasing 
ratio additives/, i.e., with decreasing silica loading the silica 
fraction NR-F/ decreases to zero at additives/ = 7/10. Passing 
this value the silica fraction NR-F/ strongly increases and 
reaches a value of 50 % when additives/ = 7/7.5 and 100 % 
when additives/ = 7/5.  

The morphological investigation of NBR/NR filled with 
different silica loading was carried out by AFM and TEM. 
The images of blends with different ratio additives/ are pre-
sented in Fig. 3 and support very well the silica distribution 
determined by the selective extraction experiments shown in 
Fig. 2.  

   with  %100
1







 FB

2

2

2















FBFB

FAFA






and  FBFA   

Fig. 1. Master curve presenting the filler fraction in the NR phase 
NR-F/ in dependence on the surface tension of filler (A = NBR, B 
= NR and F = silica) 

0 10 20 30 40 50 60 70
0

20

40

60

80

100
IIIII

N
B

R

F
ill

er
 f

ra
ct

io
n 

in
 N

R
 p

ha
se

 
N

R
-F

/
 (

%
)

Surface tension  (mN/m)

N
R

I

even distribution

0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4
0

20

40

60

80

100

0/
10

7/
50

7/
20

7/
10

7/
7.

5 
ad

di
tiv

es
/

 =

Silica loading in blend (phr)

S
ili

ca
 f

ra
ct

io
n 

in
 N

R
 p

ha
se

 
N

R
-F

/
 (

%
)

additives/

even distribution

2050 10 7.5 5

7/
5

10

Fig. 2. Silica fraction in NR phase NR-F/  in dependence on the 
ratio additives/ 

Fig.  3.  TEM and AFM images  of  blends  with  different 
ratio additives/ 



Chem. Listy 105, s233s416 (2011)                       PMA 2011 & RubberCon 2011                                            Contributed Lectures 

s287 

We believe, that this behaviour is related to the fact that 
the adsorption of curing additives like stearic acid, ZnO and 
CBS on the surface of silica will make it more hydrophobic. 
The adsorption of them and its impact on the scorch time and 
reduction of the crosslink density in silica filled rubber com-
pounds have been frequently characterized.  Regarding the 
effect on the filler distribution with increasing silica loading 
by keeping constant the additive concentration, the surface of 
silica will be differently modified, that leads to change of the 
affinity of silica to the blend phases and consequently to 
change of silica distribution behaviour.  

When fitting the values of silica fraction NR-F/ ob-
served from Fig. 2 to the master curve as shown in Fig. 4a the 
correlation between the ratio additives/, silica surface tension 
and the silica distribution becomes obvious. The silica surface 
tension, which was changed by adsorption of curing addi-
tives, can be determined from Fig. 4a and presented in 
dependence on the ratio additives/ in Fig. 4b. With increas-
ing ratio  additives/ the silica surface tension decays first 
strongly and then slowly approaches a level-off value when 

silica surface is saturated. Thus, the surface tension of satu-
rated silica agglomerates is additives, which is considered as the 
surface tension of the non-polar part of additives. The de-
crease of gF with additives/ follows an exponential decay func-
tion and can be empirically described as followed:  

  
where a is a factor describing the effectiveness of additives 
with respect to the reduction of the filler surface tension. Fit-
ting the above equation to the data presented in Fig. 4b by 
setting surface tension value of silica F = 73 mN/m for blends 
without additives, we get: 

If silica surface is fully covered by additives a surface 
tension of 22.4 mN/m is observed. Investigation of the effect 
of each additive on the silica surface tension was not con-
ducted in the frame of the present work.    

 
The authors wish to thank the German Research Foundation 
(DFG) for the financial support of this work.  
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Slovnaft Petrochemicals, s.r.o., the member of MOL 
Group, is producer of polyolefin grades LDPE  registered 
trademark  Bralen  and  PP  homopolymes  and  ethylene  /
propylene random and impact (block) copolymers  registered 
trademark Tatren.   

 Process of polypropylene production using the Unipol 
polypropylene gas phase technology provided by DOW Com-
pany. The primary reaction in gas-phase Reactor 1 is used for 
production of homopolymers, random copolymers and the 
homopolymer segment of impact copolymers. Product proper-
ties are controlled by reaction conditions via advanced control 
computer system. Melt Flow Rate is controlled by adjusting 
the amount of hydrogen in the cycle gas. Isotacticity is con-
trolled by adjusting the amount of cocatalyst, Internal and 
External donors.  

Fig. 4. Silica fraction in NR phase NR-F/ in dependence on the 
filler surface tension (a), filler surface tension in dependence on 
the ratio additives/ and silica loading (b) 
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Impact copolymers are produced in the second fluid gas-
phase reactor operating in series with the primary reactor. 
Homopolymer resin containing active catalyst is transferred 
from the  first  reactor  to  the  second where  an  ethylene/
propylene polymeric mixture is dispersed in the homopolymer 
base segment. Ethylene incorporation is controlled by adjust-
ing the ethylene content of the cycle gas and partial pressure 
of propylene and ethylene in Reactor 2. Resin properties do 
not vary with production rate. The copolymerized part of the 
material creates rubber phase which is dispersed within PP 
matrix. Amount and homogenity of dispersion the rubber 
phase has crucial influence to impact properties of final co-
polymer grades. Also using twin screw extruder in Unipol PP 
technology contributes to further improving homogenity of 
dispersion the rubber phase. 

 Slovnaft Petrochemicals produces impact copolymers 
with broad range of MFR (from 6 to 100 g/10 min) with very 
good balance between the toughness and stiffness. Unipol 
impact copolymers grades are characterized by high ambient 
and low temperature impact strength and very good Flexural 
Modulus. Due to the advantage properties, impact copolymers 
Tatren have very broad utilization in injection moulding of 
rigid packaging, storage, medical and transport boxes and 
containers, household appliances, garden furniture, auto bat-
tery cases and other technical items. High MFR of impact 
copolymers – up to 100 g/10 min provides the possibility to 
use these copolymers also for high speed thin wall injection 
moulding products of complicated shapes.  Excellent  final 
processing and application properties are multiplied by using 
of appropriate additives – e.g. antioxidants, nucleating, anti-
static agents etc. With new nucleating agents Tatren impact 
PP copolymers have higher temperature of crystallization –
Tc, uniform shrinkage in both direction, better demoulding 
properties and lower cycle time by injection molding.  

Specific of Unipol PP process is possibility to produce 
the Thermoplastics Polyolefines  TPOs grades with very 
high rubber content. The process gives the capability to make 
TPO grades directly in the reactor that in the past could only 
be produced by past-reactor blending with elastomers. TPOs 
grade have excellent impact properties, NB at ambient and 
also at low temperature with Flexural Modulus 900 MPa. Due 
to excellent impact properties TPOs grades are available for 
compounding, automotive applications and bumpers. 

Unipol PP Technology is available to design production 
of grades with target properties- tailored according to require-
ments of market. For example for applications where require-
ments for Flexural Modulus  are higher than we reached with 
TPOs grades we can offer special grade Tatren IM 25 75 with 
excellent impact properties at ambient temperature, good at 
minus temperature as well as with very good stiffness.  

Unipol PP Technology also produces control rheology 
as well as reactor impact copolymer grades with high Melt 
Flow Rate (up to 120 g/10 min). Advantages of reactor grades 
are  good  organoleptic  properties,  lower  Volatile  Organic 
Compounds  (especially  ketones  and  other  oxygen  com-
pounds).  
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Thanks to the knowledge of the 3D microstructure of 

a specimen by using a high resolution X-ray Computed To-
mogaphy (CT) system, it is not only possible to judge the 
actual state of that specimen, but also predict its characteris-
tics. By means of generating full 3D information with sub-
micron resolution and moving virtually through the inner 
parts of the object slice by slice, complete new possibilities 
for analysis are available for research and quality control.  

Especially for materials like rubber used in safety rele-
vant applications, CT systems are used more and more often 
through the complete process of development up to the final 
quality check of components. With the new nanotom m small 
objects can be examined with voxel sizes < 300 nm (0.3 m). 
Further fields of applications are the analysis of metals, plas-
tic materials and composites, ceramics and much more. Every 
difference within the specimen with regards to material com-
position, density or porosity influencing the x-ray absorption 
can be visualized in the 3D image. This provides exact infor-
mation about the spatial distribution of different materials, 
dispersion of additives without destroying the object. In addi-
tion defects like cracks, voids or inclusions cannot only be 
visualized but also their volume can be calculated.  
 

  


