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Computation of temperatures in the heated and cured 
rubber is based on the Fourier equation of the transient 
temperature field. Important parameters in this equation 
are thermal diffusivity and reaction (curing) heat. Both of 
these quantities depend on the composition of rubber com-
pounds but thermal diffusivity depends also on the tem-
perature. Their values can be determined only experimen-
tally. Because of a lack experimental data the curing proc-
ess is often simulated with constant values of thermal dif-
fusivities, and the influence of curing heat is ignored or in 
the better case estimated. Since the temperature fields de-
pend on the instantaneous degree of curing equations of 
the curing model have to be solved simultaneously.  

In order to simplify the mathematical model of rubber 
curing a new quantity called �effective thermal diffusivity� 
is suggested. This quantity includes besides thermal diffu-
sivity also curing heat. This allows to compute the tem-
perature fields of curing in advance and then to calculate 
the fields of the curing degree from them. The determina-
tion of �effective thermal diffusivity� has to be done at 
future technological conditions of rubber processing. In 
this case, the curing heat is not needed for modelling. 
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The incorporation of magnetic polycrystalline ce-
ramic ferrites in elastomeric matrixes produces flexible 
magnets or elastomeric magnets1. Hexagonal ferrites with 

magnetoplumbite structure have attracted the attention of 
researchers for a long time. The high values of magneto-
crystalline anisotropy and saturation magnetization ensure 
a wide application of the M-phase ferrites as permanent 
magnets2

. Several methods have been developed to prepare 
ferrite particles and many efforts have been devoted to the 
development of synthesis procedures leading to a better 
control of particle size (<1µm), morphology (hexagonal 
plates) and homogeneity. The chemical co-precipitation 
method3 is a cheap and easy choice for mass production.  

The aim of the study is to describe the details of co-
precipitation synthesis of BaFe12O19 and detection of struc-
tural changes occurring during the synthesis process. It 
reports the results of an investigation of the morphological, 
structural and magnetic characteristics of BaFe12O19. Bar-
ium ferrite powders were prepared with molar ratio 2Fe/Ba 
= 5, 4 as follows: 
12 FeCl3 + BaCl2 + 36 NaOH + Na2CO3 → (coprecipitation)  
BaCO3 + 12 FeOOH + 38 NaCl + 12 H2O  →  (calcination) 
BaFe12O19 + 38 NaCl + 18H2O↑ + CO2↑  

The calcining temperature was changed from 800 to 
1000 °C.  It was found that the co-precipitation combined 
with high temperature results in M-type hexagonal pow-
ders whose particles are in the range (80−250 nm) in de-
pendence of calcining temperature. From the TEM, FT-IR 
and Mössbauer spectroscopy results is evident that the 
increasing of the calcining temperature affects a decreas-
ing amount of BaCO3 and causes better formation of hex-
agonal plates in magnetic phase BaFe12O19 of resulted 
materials.  
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The rubber samples (cca 200 mg) from a scrap tire 

were pyrolysed under atmospheric pressure and different 
temperatures. The carbon blacks produced (CBp1) were 
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analyzed by the measurement of BET surface area 
(Nitrogen sorption method), pore structure (Nitrogen sorp-
tion method), iodine adsorption number (ASTM D1510), 
mass loss by heating at 125 °C (heating loss ASTM 
D1509), ash content (Thermogravimetric analysis) and 
pour density (ASTM D1513). The same parameters were 
estimated also for commercial carbon blacks N220, N330, 
N550 and N660. The third studied material was a pyrolytic 
carbon black produced by pyrolysis of scrap tire in an in-
dustrial scale batch reactor (CBp2).     

 The parameters of the pyrolytic carbon black ob-
tained in our laboratory (CBp1) were compared with the 
parameters of commercial carbon blacks and also with the 
parameters of pyrolytic carbon black obtained in an indus-
trial scale batch reactor (CBp2).  

Specific surface area of (CBp1) has the values from 
70 g m−2 to 120 g m−2 dependent on the pyrolysis tempera-
ture and type of the rubber material. Compared to the com-
mercial carbon blacks these values correspond with the 
specific surface of carbon blacks N330 and N220. How-
ever, the CBp2 sample had a specific surface area compara-
ble with N660.       

The results of the measurements of iodine adsorption 
number have confirmed the similarity of CBp1 to N220 and 
CBp2 to N660. Pyrolytic carbon blacks had much higher 
ash content than the commercial one. Pour density of pyro-
lytic carbon blacks was also higher than pour density of 
commercial CBs.   
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Rubber waste treatment is a great problem nowadays. 
Millions of waste tyres are produced worldwide per year. 
They are often trashed to landfilles but this is both ecologi-

cally and economically unacceptable way. Regeneration of 
rubber is a common process but the utilization of its prod-
uct is limited. Another way is to combust the tyres but 
only the energetical potential of rubber can be exploited in 
this case. To exploit the chemical one pyrolysis can be 
carried out. Another course is the material recycling. 
Waste rubber is ground and the product can be used as 
filler or it can be mixed with thermoplastics, liquid rubbers 
etc. A new material can be also obtained by compression 
moulding of ground rubber without any additive at high 
temperature and pressure1. This paper focuses on the latter 
method. 

Recycling possibilities of natural rubber (NR) and 
styrene-butadiene rubber (SBR) and their mixtures were 
tested on model compounds containing various curing 
systems. The model vulcanizates were ground and the 
crushed material was compression moulded at high tem-
peratures (e.g. 250 °C) and pressure (20 MPa) to form 
a new material. Tensile properties, hardness, crosslink 
density and retention of these properties after thermal age-
ing were observed and compared to those of the original 
material. The real ground rubber from waste tyres was 
tested as well.  
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The phase selective carbon black distribution plays an 
important role regarding the performance of rubber com-
posites based on rubber blends. 

Since 2002 we use the online measured electrical 
conductance for the description of dispersion and distribu-
tion processes during the mixing process of carbon black 
filled rubber mixtures1−4. Recently, we used this method 
also for the qualitative analysis of the morphology devel-
opment of binary blends during the mixing process5. 

With our new developed method, analyzing the car-
bon black-rubber-gel by thermogravimetric analysis 
(TGA) in correlation with differential thermo analysis 
(DTA) it is possible, to describe the wetting behavior of 
the polymer chains to the carbon black and the phase se-
lective carbon black distribution during the mixing proc-
ess. The determined carbon black distribution corresponds 
very well with the given carbon black distribution in 
blends of the masterbatches, and with results from the 
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online conductance measurements. With this method it is 
possible to characterize the free carbon black portion and 
the portion of carbon black in the particular blend phases 
depending on mixing time. In the present work we have 
investigated the effects of the material and technological 
parameters on the kinetic of CB distribution in SBR/NR 
blends by the use of the newly developed TGA/DTA 
method. 
 
REFERENCES 
  1. Le H. H., Ilisch S., Jakob B., Radusch H.-J.: Rubber 

Chem. Technol. 77, 147 (2004). 
  2. Le H. H., Prodanova I., Ilisch S., Radusch H.-J.: Rub-

ber Chem. Technol. 77, 815 (2004). 
  3. Le H. H., Tiwari M., Ilisch S., Radusch H.-J.: 

Kautsch. Gummi Kunstst. 58, 575 (2005). 
  4. Le H. H., Tiwari M., Ilisch S., Radusch H.-J.: Rubber 

Chem. Technol. 79, 610 (2006). 
  5. Le H. H., Qamer Z., Ilisch S., Radusch H.-J.: Rubber 

Chem. Technol. 79, 621 (2006). 
 
 
CL-2-06 
ADVANTAGES OF ACTIVE ZINC OXIDE�S  
APPLICATION IN RUBBER INDUSTRY 
 
K. KOSÁR*, M. KRÁLIK, R. �TEFANCOVÁ,  
and M. ĎURAČKA    
 
VUCHT a.s., Nobelova 34, 836 03 Bratislava, Slovakia   
kkosar@vucht.sk, mkralik@vucht.sk,  
rstefancova@sa.vuch.sk, mduracka@vucht.sk   
 

Zink oxide has showed to be the most important acti-
vator for sulphur vulcanisation of elastomers. In addition 
to its role as an activator, there are also evidences that the 
inclusion of ZnO in the vulcanizates brings also other 
benefits (it reduces heat-build-up, improves abrasion resis-
tance, improves heat resistance of the vulcanizates and 
their resistance to the action of dynamic loading1, helps to 
dissipate local heat concentrations in rubber products, it is 
necessary in vulcanizates for bonding rubber to the rein-
forcing steel cord, etc.). Besides improving the properties 
of vulcanised rubbers, ZnO also assists in the processing 
of uncured rubbers. ZnO is added to rubber formulations 
to decrease shrinkage of moulded rubber products and 
maintain the cleanliness of moulds.   

Although zinc is generally considered as one of the 
least harmful of the heavy metals, there is an increased 
concern about its environmental effects2. Diffuse emis-
sions of zinc from rubber products, such as the wear of 
tyres may enter the environment. In view of the upcoming 
legislations and ecolabelling requirements for vehicle 
tyres, for instance, it can be stated that it is desirable to 
keep the ZnO content in rubber compounds as low as pos-
sible, not only for environmental but also for economical 
reasons3,4.  

This contribution tries to summarize the efforts how 

to reach the above mentioned goal and presents some re-
sults from own research as well. The summarized results 
indicate that the same or better properties of vulcanizates 
can be reached by lower dosage of zinc oxide with higher 
specific surface.   
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In many engineering rubber applications both pure 
elastomeric materials as well as composites out of rubber 
and reinforcement materials, such as textile, polymer and 
steel cords, are used. Such technical rubber articles are 
often exposed to complex mechanical stresses, frequently 
in a cyclic mode, which can result in crack formation and 
crack propagation up to final failure of the relevant rubber 
article.  

For example, air springs are used as structural damp-
ing elements in trucks, busses and in other heavy vehicles. 
The elastomer component in air springs typically consists 
of a multi-layer build-up, with an inner liner and outer 
cover of un-reinforced rubber and two fabric-ply layers 
containing polymer fibers of different orientations in 
a rubber matrix. To enhance the overall performance and 
life time of air springs, a more detailed understanding of 
the micro-mechanisms of failure under cyclic loads in such 
a multi-layer build-up is required.  To support both mate-
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rial development efforts and novel design concepts includ-
ing life-time assessment, appropriate test methods and 
procedures to characterize crack initiation and crack 
growth resistance behaviour are needed. 

In elastomer composites the following three basic 
micro-modes of failure have been identified for service 
relevant loading conditions: (i) crack formation and crack 
growth in the elastomer matrix, (ii) delamination between 
fabric-ply layers and (iii) crack initiation and crack growth 
at the cord (fiber)/matrix interface.  

Hence, the main objectives of this paper are: 
− The development and implementation of adequate test 

methods and data reduction schemes to characterize 
the crack initiation and growth resistance of multilayer 
elastomer composites under cyclic (fatigue) loading 
conditions including rubber matrix fatigue matrix/
cord/fiber debonding and delamination of cross-ply 
layers.  

− The application of the test methods to selected elas-
tomer composite materials. 
Several elastomer types and composite layer set-ups 

were included in the investigations. The materials were 
selected, manufactured and provided as test specimens by 
the company partner. The experimental work on test speci-
men level was performed in the testing laboratory of the 
scientific partner. 

In the fatigue process of elastomers, at least two 
stages can be distinguished. The first stage is related to the 
crack nucleation and the initial phase of crack growth ini-
tiation, the second is concerned with the period over which 
the nucleated crack grows either in a stable or unstable 
manner until ultimate failure occurs. Current methodolo-
gies for describing elastomer fatigue behavior and to pre-
dict the service life of rubber components follow two ge-
neral approaches. One approach focuses on predicting 
crack nucleation life and makes use of continuum mechan-
ics parameters such as stress and strain. The other is based 
on fracture mechanics concepts and focuses on the kinetics 
of crack growth using energy based fracture mechanics 
parameters1. 

The fatigue behaviour of the bulk elastomer was cha-
racterized using a modification of the well-known pure 
shear specimen (faint-waist pure shear, FWPS) configura-
tion and applying the tearing energy concept2. Main em-
phasis was given to the characterization of the influence of 
preconditioning and processing parameters on the fatigue 
crack growth behaviour of elastomers used in real applica-
tions. 

Furthermore, ring-type and peel-type specimens 
manufactured from cross ply laminates were used to cha-
racterize the fatigue behaviour of the elastomer composite 
layers. While due to the high local stiffness difference 
between the rubber and the cross-ply the main load for the 
ply interface is near mode II (shear stress) in the ring 
specimen, the peel test represents the mode I (opening) 
loading situation. A complex combination of these two 
basic modes may occur in a real component during ser-
vice. Moreover, a novel test set-up for characterizing the 

rubber matrix/cord interface under cyclic loading was also 
developed and implemented. 

Finally, component tests were also performed. In ad-
dition to the conventional tests, novel full-field strain 
analysis methods were applied to characterize the strain 
and temperature distribution in the component under com-
plex cyclic loading conditions. To gain more insight into 
the local failure behaviour, failure analysis on both test 
specimen and component level was carried out using vari-
ous microscopy methods.  
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Polymer processing industry is a very branched one 
because of the production of a lot of products for various 
applications. Products from polymers and composites with 
polymer matrix find wide use: products for common use, 
sports and free time activities, domestic goods, packaging, 
medical applications, construction, electrotechnics and 
electronics, engineering and automotive industry. Rubber 
industry plays a very important role in the polymer proc-
essing since the tire production occupies a dominant posi-
tion in this branch. 

The tire is a very important part of the vehicle which 
is in direct contact with the road surface and responsible 
for the driving force transfer. In terms of design, tire is a 
very complicated component consisting of polymeric ma-
trix and reinforcement. It is composed of various layers. In 
terms of wear, the overlayer called tread equipped with 
design (pattern) is the most important part. 

The wear of tire treads on road surfaces is measured 
as abrasion resistance. The off-road behaviour of tyre 
treads on surfaces with sharp stones is not well character-
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ised by abrasion resistance as the mechanism of rubber 
damage is rather different here. The sharp edges of stones 
can cut rubber tread surfaces and tear off bigger pieces of 
rubber gradually. This type of wear is called chip and 
chunk effect in the tire processing industry and with a sim-
plification, it is comparable to machining. 

The tire wear is usually tested under running condi-
tions, and these long-lasting tests are very expensive. Find-
ing a fast test carried out on small samples would be very 
useful in practice. 

The test for cutting and chipping of rubber com-
pounds which correlates with service behaviour and pro-
vides test results at a reasonable speed and accuracy was 
described by J. R. Beatty and B. J. Miksch1. In accordance 
with their description we constructed a rather modified 
apparatus.  

The tests were carried out on cylindrical samples of 
the Lüpke test with diameter 55 mm and thickness 13 mm 
(Fig. 1, ref.3). 

This enhanced laboratory apparatus provides to take 
test of conditions which can be widely changed. It makes 
possible to measure different characteristics of chip-chunk 
processes. 

Thirteen various types of tire tread mixtures designed 
for off-road tires production have been chosen for the ex-
periments (motocross and multipurpose tires). 

The presented test method shows the possibility of the 
evaluation of wear (chip-chunk) resistance of tire treads on 
small samples. This method makes possible to compare 
various types of compound with a standard and to observe 
the wear progress during the test period. The wear of the 
sample during the test period depends on the properties of 
rubber compounds and on test conditions. A significant 
correlation of chip-chunk resistance with the usual rubber 
properties was found (Fig. 2). According to the statistical 
calculation all the measured data are statistically signifi-
cant2. 
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The paper focuses on experimental investigations of 
the continuous mixing of a silica filled rubber mixture with 
a co-rotating twin screw extruder. The rubber mixture is 
a free flowing Rubber/Filler Composite (RFC) based on 
emulsion styrene butadiene rubber (E-SBR) with silanized 
silica as filler. The reaction between the silica and silane is 
carried out during the production process of RFC and 
hence the rubber mixture contains completely silanized 
silica1. Continuous mixing involves compounding all the 
ingredients together in one mixing step. The continuous 
mixing of silanized silica based rubber mixture requires 

Fig. 1. Sample before and after test 

Fig. 2. Sample wearing during test period 

Fig. 3. Comparison all measured properties 
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optimum process parameters to assure micro-dispersion2. 
This property influences the dynamic shear modulus value 
at low strain measured with a rubber process analyser 
(RPA) which influences the Mooney viscosity of the final 
compound. In the experimental work, the influence of 
filling degree in twin screw extruder with respect to screw 
speed and output on the compound and product properties 
are analysed. The mixture characteristics shows that filler 
dispersion and cross-linking behaviour and the properties 
of the vulcanised rubber correspond to the characteristics 
of the reference compound mixed in the internal mixer. 
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This paper shows influence of technological parame-
ters on the flow length into mold cavity. The fluidity of 
elastomers is affected by many parameters (mold design, 
melt temperature, injection rate, pressure and curing proc-
ess).  

To be able to study the influence of surface quality of 
runners and cavities on the flow of elastomers, a special 
injection mold has been designed and machined. Injection 

mold is assembled from (1) cavity plate, (2) clamping 
plate, (3) testing plate, (4) sprue bushing, (5) temperature 
sensor (Fig. 1). 

The surface of the plates (bottom of spiral) is ma-
chined using various types of working technologies: mill-
ing, grinding, polishing and electro-spark cutting.  

Length of testing samples has been measured by 
measuring jig. The experimental dates have been statistical 
processed and evaluated. Injected samples were prepared 
on injection molding machine REP V27/Y125. 

For preparing of injected samples were chosen three 
rubber compounds with different flow properties. These 
compounds have to have sufficient processing safety 

Fig. 2.  Dependence of flow length on surface quality and 
injection pressure (compound A) 

polished
ground

electro-
erosion

machined
("fine")

m illed
electro-
erosion

machined
("rough")

8

12

16

20

0

200

400

600

800

1000

1200

1400

flo
w

 le
ng

th
 [m

m
]

surface

injection 
pressure 

[MPa]

Fig. 1. Injection mold 

Table I 
Values of surface quality of testing plates 

Polished plate Ra=0,029 µm 
Ground plate Ra=0,369 µm 
Electroerosion machined plate (�fine�) Ra=3,520 µm 
Milled plate Ra=9,368 µm 
Electroerosion machined plate (�rough�) Ra=17,393 µm 

Table II 
Injected rubber compounds 

  Hardness 
[ShA] 

Strength 
[MPa] 

Elongation 
[%] 

Viscosity (1+4 
min/100 °C)  

[°MU] 
A 50±5 10 300 31 
B 60±5 7 250 40 
C 65±5 16 300 73 
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(scorch safety) to flow through the nozzle, runners, and 
gates without scorching, but still cure rapidly in the mold.  

Measurement shows that surface quality doesn�t have 
substantial influence on the length of flow. Samples which 
were injected into the spiral (cavity) with the worst surface 
quality have approximately same length of flow in com-
paring with the best surface fluidity. These findings are 
very important from the point of view of use in production. 
For verification of these results further experiments have 
to be carried out using different rubber compounds. 
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A modeling of deformation properties of rubbery 
material was presented in this contribution. This model 
was designed to description and prediction of mechanical 
properties from its structure and material properties. The 
progress from simple network model (NM)1 to the model 
of real polymer material was presented. In the first ap-
proximation, the model was a 3D tetra-functional network 
of rubbery matrix2, in which undeformable inclusions were 
introduced. This network model was approached to the 
behaviour of real polymer material. First, the NM was 
combined with Finite Element Method (FEM). By the 
FEM, the distribution of deformation and stresses during 
the tensile test was analyzed. 

In the second phase, the structural properties ap-
proached to the real behaviour of the rubbery material. 
Before, the network was fully affine. The chains were 
fixed in the nod. Then a portion of chains was replaced by 
so called free entanglements. Both fixed nod and entangle-

ments were permanent nods. That means that they did not 
disappear or re-appear during the virtual tensile test. The 
entanglement enabled slipping of the chain through the 
nods of the network. The third variant of a nod was a tie-
point. This nod was unstable and it disappeared during the 
tensile test. Each variant of nod represented certain com-
ponent in the structure of polymer. The fixed nod repre-
sented for example Sulfur Bridge, the free entanglement 
the entangled chains and the tie point represented two 
polymer chains adhered together by weak intermolecular 
forces. 

Virtual tensile tests were performed on the homoge-
nous rubbery networks and composite networks with unde-
formable inclusions. The stress/ strain curves until five 
fold elongation of sample were calculated. Some material 
characteristics were derived from the curves such as 
Young modulus, stress at break. The loading-unloading 
curves were calculated until the double elongation. Mainly 
heterogenous materials show nonlinearly elastic deforma-
tion response3. The energy dissipated during one loading-
unloading cycle was calculated by the model. 
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Molecular characteristics of polymers − their molar 
mass, chemical structure (composition, functionality, etc.) 
and physical architecture (linearity, branching, stereoregu-
larity, cis-trans isomery, etc.) − both average values and 
distributions co-determine the end-use properties of corre-
sponding plastics and rubbers. Presently, size exclusion 
chromatography (SEC) called often also gel permeation 
chromatography dominates the field of molecular charac-
terization of synthetic polymers. Besides the molar mass 
averages and distributions, SEC provides useful informa-
tion also on the long chain branching of macromolecules, 
on intrinsic viscosities and gyration radii of dissolved 
polymer species, as well as on preferential solvation of 
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macromolecules in mixed solvents. Important products of 
SEC include also data on association, aggregation and 
micellization of macromolecules. SEC is fast, relatively 
cheap and it exhibits rather high inter-laboratory repeat-
ability (precision). Measurements, including sample prepa-
ration are usually not labor-intensive and sample consump-
tion is low. Based on (universal) calibration or in combina-
tion with the flow-through light scattering or viscometric 
detectors, as well as with ultraviolet, infrared and mass 
spectrometries, SEC can provide valuable additional infor-
mation about numerous soluble polymer species. Modern 
automated and often robotized fast SEC instruments have 
reduced time of analysis down to few minutes so that some 
polymerization procesess can be on-line monitored and 
optimized.  

At the same time, however, SEC suffers from numer-
ous shortages. Recent series of round robin tests demon-
strated surprisingly low accuracy (low inter-laboratory 
reproducibility) of SEC data obtained without strict proto-
col of both measurements and data processing. It is evident 
that a worldwide standardization is necessary of practical 
measurements (for example in terms of sample prepara-
tion, as well as of its volume and concentration), and data 
acquisition/calculation (for example in terms of base line 
and peak limit setting). The analysis of above round robin 
tests results clearly shows that expertise is needed for ac-
curate SEC measurements. The approach �switch-on, in-
ject, switch-out; computer itself and without inspection 
will produce SOME data�, which is often applied in many 
universities and research institutions, may produce results 
differing several hundred percent from the median values. 
It is anticipated that the high-speed, high sample through-
put SEC procedures are especially susceptible to large 
errors.  

The intrinsic though often overlooked or ignored 
shortages of SEC include: low selectivity of SEC separa-
tion and imperfect column �linearity�, dependence of 
polymer retention volume on both sample concentration 
and volume, low sensitivity and selectivity of detectors, 

limited solubility of some polymers so that high tempera-
ture measurements or expensive eluents are needed, as 
well as broadening of chromatographic zones. Unavailabil-
ity of the calibration standards is usually overcame apply-
ing calibration with polystyrene standards. Molar masses 
obtained in the latter way, however, represent only relative 
data and should be denoted �polystyrene-equivalent val-
ues�. Important   problems of SEC are caused by presence 
of the non-controlled enthalpic interactions between sepa-
rated macromolecules and column packing, which result in 
shifts of sample retention volumes. Effects of enthalpic 
interactions are partially but often not fully suppressed by 
using light scattering or viscometric detectors. SEC also 
suffers from the low sample capacity of columns, which 
are easily overloaded and resulting SEC  peaks are exten-
sively broadened or deformed. This is why the minor mac-
romolecular admixtures (1 % and less) in polymer samples 
cannot be directly characterized by SEC � even if their 
molar masses well differ from the molar mass of the major 
component. Possible changes of sizes of macromolecules 
during SEC measurements represent further shortage of 
SEC. The latter are caused by the (de)association, (de)
aggregation or degradation of polymers species within 
column. The flow induced shearing leads to mechanical 
degradation of macromolecules with molar masses over 
one million and especially over ten million of g mol−1. 
Large column packing particles and low flow rates must be 
applied for ultra-high molar mass polymers. Large column 
packing particles, however, bring about increased band 
broadening phenomenon. 

Selected shortages of size exclusion chromatography, 
especially effects of un-controlled enthalpic interactions 
within the SEC columns will be discussed in this contribu-
tion. 
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