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Abstract 
 

In the present work we consider new magnetic field 
controlled rubber nanocomposite materials prepared by dis-
persing ultra-fine barium ferrite magnetic particles in polymer 
matrix based on butadiene rubber. The one of the aims of this 
work is investigate dispersion of ferrite magnetic particles in 
butadiene rubber.The silane modification of barium ferrite to 
achieve better dispersion in rubber matrix was done. The 
atomic force microscopy and dynamic measurements were 
used to obtain the results displaying the homogeneity of the 
magnetoactive elastomers. The influence of testing  condi-
tions (with or without magnetic field) on change of the elas-
ticity in a magnetic field is under consideration. It is revealed 
that the formation of chains of magnetic particles in a mag-
netic field during samples preparation and testing results in 
anisotropic nanocomposites with adaptive properties. 
 
 
Introduction 
 

The new generation of magnetic elastomers and gels 
represent  a  new type  of  composites,  consisting  of  small 
(mainly nano-and micron-sized) magnetic particles dispersed 
in a high elastic polymeric matrix. These materials are rela-
tively new and exhibit a great number of fascinating phenom-
ena, which are the subject of intensive theoretical and experi-
mental research. The peculiar magnetoelastic properties may 
be used to create a wide range of motions and to control the 
shape change and movement. An understanding of magneto-
elastic coupling in polymers will hasten the engineers to de-
velop new type of switches, sensors, micromachines, biomi-
metic energy transducing devices, and controlled delivery 
systems1–4. 
 
 
Experimental 
 

Barium ferrite (2060 phr) was embedded in 1.4-cis 
butadiene as a magnetic filler. The M-type barium ferrite was 
synthesized from iron and barium chlorides using a chemical-
ly reliable co-precipitation method. The introduction of reac-
tive groups onto the magnetic surface was achieved by reac-
tion between silane coupling agent (vinyltrimethoxysilane – 

Dynasylan 6490 and  triethoxy(oktylsilane)  Si208) and the 
hydroxyl groups on the surface of barium ferrite. The mor-
phology of magnetic powders was studied using a combined 
field-emission (scanning) transmission electron microscope 
LIBRA® 120, Zeiss.  Magnetic measurements were made 

using a SQUID magnetometer at 5K. Characterized ferrites 
powders  were incorporated into 1.4-cis butadiene rubber in 
internal mixer Haake Rheocord System 90 under the follow-
ing conditions: temperature: 50 °C, rotation speed: 50 min1 
and mixing time: 10 min. The elastomers were cured in uni-
form magnetic field  to facilitate the alignment of ferrites 
particles.  For this process, a modified vulcanization press 
with a magnetic field (applied perpendicular to the plane of 
vulcanized plate) produced by an electromagnet was used. 
For the evaluation of the filler-filler interaction, the storage 
modulus and loss modulus were measured as a function with 
a Rubber Process Analyser (RPA 2000  Alpha Technologie) 
at a temperature 80 °C at strain amplitude from 0.2 to 399 % 
at 1 Hz. The switching ability of ferrite in silicon oil suspen-
sions was detected using Rotation Rheometer Physica MCR 
501 S  Anton Paar with magnetic chamber. The dispersion of 
the magnetic particles in isotropic and anisotropic magnetoac-
tive composites was observed using high-resolution type of 
scanning probe microscopy  atomic force microscopy. 
 
Results and discussion 
 

Fig. 1 represents the transmission electron microscope 
images of the ferrites morphology used for magnetoactive 
elastomers. The particles of the co-precipitated ferrite were 
found to be uniform in shape; the majority of them are hex-
agonal platelet crystals. Whereas the thickness of the ferrite 
platelets is in the 20100 nm range, their length ranges from 
300 to 400 nm. 

The values of the saturation magnetization, the coercive 
field and the remanent magnetization of the BaFe12O19 were 
found to be Ms = 93.8 emu/g, Hc = 0.335 T and Mr = 
44.3 emu/g, respectively.  

Non-funcionalizied particles of barium hexaferrite have 
a tendency to agglomerate (Fig. 1). This tendency can cause 
poore dispersion in the rubber matrix and a negative influence 
on the performance of magnetic rubber composites. Function-

Fig. 1. TEM images of  barium ferrite  
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alization of ferrite particles should be helpful to improve the 
dispersion of ferrite and enhance the interface interaction of 
ferrite and matrix. The filler-filler interactions can be seen 
directly from the dynamic-mechanical properties. (Fig. 2) An 
increasing dosage of magnetic filler in the butadiene matrix 
causes an increase of the storage and loss modulus at low 
strain amplitudes. This behavior seems to be due to hydrody-
namic effects at 20 and 40 phr. With higher amounts of ferrite 
particles 60 phr there seems to be a tendency of the formation 
of the agglomerates, which results to poor dispersion of the 
magnetic particles in the rubber matrix. The mixtures with 
modified barium ferrite show similar viskoelastic behaviour, 
but there is evident the small improvement approximately 5 % 
in the dispersion of the modified magnetic particles in the 
butadiene  matrix.  Only  marginal  number  of  the  reactive 
groups from the vinyltrimethoxysilane were absorbed on the 
surface of barium ferrite, but the particle size of the barium 
ferrite is much larger than the small molecules of silane and 
therefore it is assumed that reaction of silane reactive groups 
with hydroxyl groups on the surface of barium ferrite was 
realized.  

The rheological and dynamic mechanical properties of 
composite materials consisting of magnetically active parti-
cles strongly depend on the orientation of the magnetic parti-

cles. From the Fig. 3 is evident the depend-

ency of the magnetic particle orientation and the switching 
ability of barium ferrite in silicon oil on the presence and 
absence of magnetic field.  

The unmodified barium ferrite formed great agglomer-
ates and was insufficiently dispersed in silicon oil. The stor-
age modulus shows the higher value in comparision with 
silane Si208 modified  barium ferrite, which was better dis-
persed due the functionalization.  

Fig. 4 shows atomic force images of rubber ferrite nano-
composites vulcanized (a) without the presence of the mag-
netic field, (b) in the presence of the magnetic field. In the 
absence of an applied magnetic field the magnetic moments 
are randomly oriented and thus the composites has no mag-
netization.The application of the magnetic field during the 
vulcanization shows the evidently influence on the particles 
alignments. Magnetization during the vulcanization leads to 
the formation of the columnar structure of the magnetic parti-
cles in elastomer matrix.  

Particles are aligned and fixed to the direction of the 
applied magnetic field. The anisotropic magnetoactive elas-
tomer with adaptive properties was obtained. 
 
Conclusions 
 

The samples of hard magnetic  barium ferrite prepared 
by using co-precipitation technique showed a high degree of 
purity and hexagonal structure. Barium ferrite form strong 
and developed agglomerates. By applying an alkyl chains on 
the ferrite surface the inter-particle interactions are reduced 
and the filler dispersion improved. The modified barium fer-
rite particles with vinyltrimethoxysilane have lower tendency 
agglomerate, the filler-filler interactions are smaller and there-
fore the storage modulus and loss modulus of the rubber fer-
rite nanocomposites demonstrate a steady decrease. The 
switching ability and the feasibility of barium ferrite con-
trolled orientation in applied magnetic field give us opportu-
nity to prepare the rubber magnetoactive nanocomposites with 
anisotropic and adaptive properties. 
 
REFERENCES 
  1.  Farshad M., Benine A.: Polym. Test 23, 343 (2004). 
  2. Zrínyi M.: Colloid Polym. Sci. 27, 98 (2000). 
  3. Zhou G. Y., Jiang Z. Y.: Smart Mater. Struct. 13, 309 

(2004). 
  4. Bernadek S.: Appl. Phys., A 68, 63 (1999). 

20

40

60

80

100

120

140

160

180

200

220

1 10 100 1000

 Strain (%)

G
' (

kP
a)

ref.

Ba20

Ba20M

Ba40

Ba40M

Ba60

Ba60M

40

60

80

100

120

140

160

180

1 10 100 1000

 Strain (%)

G
'' 

(k
P

a)

ref
Ba20
Ba20M

Ba40
Ba40M
Ba60
Ba60M

(a) (b)
20

40

60

80

100

120

140

160

180

200

220

1 10 100 1000

 Strain (%)

G
' (

kP
a)

ref.

Ba20

Ba20M

Ba40

Ba40M

Ba60

Ba60M

40

60

80

100

120

140

160

180

1 10 100 1000

 Strain (%)

G
'' 

(k
P

a)

ref
Ba20
Ba20M

Ba40
Ba40M
Ba60
Ba60M

20

40

60

80

100

120

140

160

180

200

220

1 10 100 1000

 Strain (%)

G
' (

kP
a)

ref.

Ba20

Ba20M

Ba40

Ba40M

Ba60

Ba60M

40

60

80

100

120

140

160

180

1 10 100 1000

 Strain (%)

G
'' 

(k
P

a)

ref
Ba20
Ba20M

Ba40
Ba40M
Ba60
Ba60M

(a) (b)

Fig. 2. (a) The storage modulus and (b) the loss modulus depen-
dency on strain amplitude at 1 Hz frequency of magnetic elasto-
mers with various (0-60 phr) dosage of unmodified and modified 
(M) barium ferrite with vinyltrimethoxysilane 

Fig. 3. Switching ability of the modified (Silane Si208) and unmo-
dified barium ferrite silicon oil suspensions in apllied magnetic 
field (0-1T) 
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Fig. 4. AFM images of barium ferrite magnetoactive rubber nano-
composites vulcanized (a) without the presence of the magnetic 
field, (b) in the presence of the magnetic field 
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Introduction 
 

Bioplastics represent a relatively new class of biode-
gradable polymers for industrial applications. Polyhydroxyal-
kanoates (PHAs) represent one important class of biodegrad-
able polymers. The most common member of the PHAs, poly
(3-hydroxybutyrate) (PHB), has several properties such as the 
melting point and the crystallinity which are similar to the 
conventional polymer polypropylene (PP). On the other hand 
it is stiff and brittle which can be for same applications disad-
vantageous. To improve the mechanical properties the prepa-
ration of copolymers and blends of PHB has been proposed1.
 Blending techniques are promising approach which 
can improve the original properties of the polymers, including 
biopolymers like PHB. 

This study is focused on research of preparation of ter-
nary blends based on polylactic acid (PLA), polyhydroxybu-
tyrate (PHB) and thermoplastic starch (TPS). In this work an 
influence of thermoplastic starch on properties of PLA/PHB 
blends was studied. Design of experiment method was used 
for basic investigation. Influence of blend composition on 
properties of PLA/PHB/TPS blend was described. Experi-
ments for investigation of interaction TPS/PLA as well as 
TPS/PHB were realised for better understanding of relations 
in the multicomponent blend of three polymers and two plas-
ticizers.  Conclusions and recommendations for solving of 
application of TPS in blends containing PHB were done based 
on results obtained in the presented work. 
 
 
Experimental 
 
Materials 
 
Polylactic  acid  (PLA)  from  NatureWorks  LLC,  US 
Tm : 173178 °C , Tg  : 5080 °C 
Polyhydroxybutyrate  (PHB)   from  Biomer,  Germany 
Tm : 168172 °C 
Natural  starch  from  Amylum  Slovakia,  Slovakia 
pH : 6,7 
Triacetin  (TAC)  used  as  PLA  plasticizer 
density : 1,155 g cm3, boiling point : 258 °C 
Glycerin (GL) from H. C. I. Slovakia, used as starch plasti-
cizer 
 

PLA/PHB/TPS blends preparation 
 
We used twin-screw extruder, with parameters L / D = 

40, D = 16 mm for polymer mixtures preparation. We set the 
next temperature profile on twin-screw extruder (in the direc-
tion from feeder to die): 140  150  160  160  160  160  
160  155  150 – 140 °C. Screws speed was 100 rpm. Ex-
truded blends were cooled down with cold water and then 
they were granulated. 
 
PLA/PHB/TPS films preparation 
 

PLA/PHB/TPS  films  were  made  using  single-screw 
extruder (d = 19 mm, L/D = 25) with chill-roll technology. 
Temperature profile during films extrusion was set on 150
160170170 °C in the direction from feeder to die and screw 
speed was 30 rpm. The test pieces in form of strips used for 
tensile test were cuted in the longitudinal direction, 15 mm 
wide. 
 
Measurement of mechanical and rheological properties  
 

Tensile strength at yield (σy), tensile strength at break 
(σb) and the elongation at break (εb) were measured using 
Zwick machine according to ISO 527. Cross-head speed was 
1 mm/min in the deformation range 03 % and above 3 % of 
elongation the speed increased up to 50 mm min1. 

For measurement of rheological properties we used os-
cillating  rheometer  RPA  2000  from  Alpha  Technologies 
Company. We took deformation test, wich ran at a constant 
oscillation frequency of 50 CPM, while the oscillation angle 
varied from 0 to 60°. Measuring chamber  had biconical 
shape. Weight of the sample was 4 grams. 
 
Results and discussion 
 

Based on our previous experiences, we decided to exam-
ine the possibilities of application of plasticized starch (TPS) 
in a mixture of PLA / PHB / TAC which gives material with 
good mechanical properties at the level of tensile strength at 
break of 1530 MPa and the elongation at break 200 % de-
pending on the plasticizer content. 

We used in our work Design of Experiment method 
(four-factor, five level) with following ratios as factors: x1 = 
PLA/PHB, x2 = TPS/(PLA/PHB), x3 = GL/TPS, x4 = TAC/
(PLA+PHB). TPS is natural starch plasticized with glycerol. 
After preparation of all blends and samples, the ANOVA and 
regression analysis were done for all measured properties.  
Based on evaluation of σb results it can be said, that the ten-
sile strength at break is influenced only by factors x2 and x4
(the ratio of starch to both polymers (PLA and PHB) and 
plasticizer content – triacetin). Others two factors have no 
statistically significant effect on tensile strength. Response 
surface is shown on Fig. 1. σb at lower values of x2 strongly 
decreases with increasing of TAC portion while at higher 
content of starch this depency is not significant. Increasing 
content of starch causes decreasing of σb if TAC content is at 
the lowest level in oposit to its increasing if TAC content is at 
the highest level. These effects are given by significant inter-
action between factors x1 and x2. 
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In contrast to σb, εb  is influenced by all four factors. 
The strongest effect on εb exhibit factor x2 (starch content), 
which logically reduce this property (Fig. 2). Significancy of 
others factors  on εb is not clearly visible on response surface 
because the effect of x2 factor is several times stronger than 
others. 

It is necessary to say that the absolute values of me-
chanical properties were much lower as it could be assumed 
on the basis of the values of mixtures of PLA / PHB / TAC 
without starch. Based on our previous experiences as well as 
based on literature, the glycerol in TPS was identified as a 
substance which causes deterioration of properties of PLA/
PHB/TPS blends. It was assumed that glycerol causes degra-
dation of PHB in the blend and degraded PHB causes decreas-
ing of mechanical properties of the material. For confirmation 
of this assumption we tried to prepare four blends with com-
position according to Table I. 

All dry blends of composition according to Table I were 
processed on twin screw extruder. Only blend 1 (glycerol 

free) was able to create strand at extruder die, the others 
blends had very low viscosity and after cooling down they 
were very brittle. Therefore no samples for mechanical prop-
erties measurements were prepared and only viscosity was 
measured using oscillation rheometer.  Obtained results in 
form of flow curves are shown in Fig. 3. 

The viscosity of PHB/TAC without GL is low in princi-
ple, but already addition of 5 % of glycerol reduces its viscos-
ity practically to zero. Based on these results the glycerol was 
confirmed as substance which accelerates thermal degradation 
of PHB during its processing in the melt. Therefore the other 
plasticiser for starch has to be finding for application of TPS 
in the PLA/PHB blends.  
 
 
Conclusion 
 

The blends PLA/PHB/TAC/GL were prepared according 
to five level four factor experimental design. The absolute 
level of mechanical properties was very low. The accelerated 
degradation of PHB during blend processing in the melt was 
found as the main reason of this effect. Based on the rheologi-
cal measurements it was confirmed that the presence of glyc-
erol in TPS is the factor which accelerate thermal degradation 
of PHB. The other plasticiser for starch has to be used for 
application of TPS in the PLA/PHB blends. 
This project is supported by Norwegian Financial Mecha-
nism, Financial Mechanism of EEA and State budget of Slo-
vakia  project No. SK 0094. 
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Table I 
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Grinding historically belongs to the oldest machining 
methods. It is widely used whenever higher precision of size, 
shape or surface quality is demanded. Furthermore, the grind-
ing is applied in machining of material that cannot be ma-
chined by other methods or the grinding is more profitable 
than other methods. The importance of the grinding has in-
creased from the original field of finishing operations to the 
production machining field due to high-performance grinding 
tools development5.  

Grinding offers higher final precision of products while 
at the same time the surface is made up and the tools are 
sharpened. Grinding materials can be used either in the pow-
der form or various wheels or bars. Separation of chips is 
similar to the chips separation during milling. Despite the 
milling cutter the edges of grinding wheel made of grains of 
grinding material.  These grains are statistically dislocated 
around the tool circumference and they have unequal geome-
try of the edge. Cutting resistance during grinding is higher 
than during milling, because cross sections of the cut chips 
are small3. 

The main problem in understanding the friction proper-
ties of rubber materials in machining is the fact that there does 
not exist adequate, widely applicable and clearly expressed 
law of rubber friction. However, there are known models of 
the basic friction behavior and the basic process of abrasive 
wear of the tires4. Another problem is the inaccuracy of the 
terminology used to describe friction processes. This problem 
probably originated from a general tendency to denote all the 
ratios of the gearing force to the normal force as the friction 
of coefficients, no matter if there is a slip or not2. 

There is no rubber, which would show high friction on 
all surfaces in all conditions. The influence of the base poly-
mer and additives on the friction properties depends on many 
factors determining the character of the process of sliding, 
such as the second surface material, type of lubricants and 
load. 

This paper focuses on the dynamic monitoring of ma-
chinability of rubber materials. There were investigated fol-
lowing parameters: the after grinding surface quality depend-
ing on cutting parameters and components of cutting forces 
during grinding. The experiment aims to determine the effect 
of cutting conditions during grinding on the investigated pa-
rameters, if it is assumed the reversed process of abrasive 
wear of rubber by analogy for example to prepare before the 
tire retreading. 

Six rubber mixtures and pure rubber were used for the 
test samples preparation. They are all listed in the Table I. 
Then, these mixtures were processed by twin cylinder mixing 
mill. After that, required amount of mixture was prepared 
using blanker. This operation was followed by vulcanization 
in the mold under defined conditions, i.e. temperature and 
time. The clamping force of the press was 120 MPa.  

Fig. 12 describe the surface quality after the grinding 
of the given rubber materials both in the longitudinal direction 
(Fig. 1), consistent with the traverse velocity vector, and in 
the transverse direction (Fig. 2), perpendicular to the traverse 
velocity vector. To emphasize the differences in the behavior 
of  different  rubber  compounds  the  results  are  given  for 
a maximum speed of the traverse and maximum cutting depth, 
i.e. ae = 0,04 mm, vf = 23 m min1. The experiment shows that 
the surface roughness using 30P 8V 99A wheel reaches lower 
values of roughness parameters in the transverse direction 
than the longitudinal direction. What is more, in all cases the 
material 9341-358 has the lowest surface roughness of all 
used materials. When using a wheel of a type 49C 120J 12V, 
we can state the lowest values of surface roughness in the 
transverse direction of all the types of wheels, which could be 
caused by grain fineness of wheel. 

During the cutting forces evaluation, when the feed rate 
was raised and depth of cut remained constant ae = 0,01 mm, 
the continuous rise of cutting forces (both the component  Ff 
and Fp) was observed. The increasing cutting depth caused 
non-uniform rise of the cutting forces. However, as can be 
seen in Figure 3, the components of cutting forces due to hy-
perelastic behavior of materials are decreasing for certain 
rubber materials. Growth in components of cutting forces can 
be observed with increasing depth for the types of wheels 30P 
8V 99A, 99A and 49C 80i 8V 12V 120J. 

Rubber – 
recipe 
marking 

Rubber type Phr Vulcaniza-
tion condi-
tions  
[°C min1] 

275 SBR 100 150°C/20´ 
346 IIR 100 170°C/60´ 
733 CR 100 150°C/20´ 
T 317 NR+BR 85+15 160°C/16´ 
TP 44 SBR+IIR+BR 70+15+15 160°C/16´ 
9341-358 NBR+CIS+BR 50+10+7 160°C/10´ 

Table I  
Rubber compounds used for test samples 

Fig. 1. The dependence of components of cutting forces on the 
feed rate, material TP44, grinding wheel 49C 120J 12V 
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By the surface observation using digital  microscope 

ProScope HR there was found for some types of materials 
formation of the characteristic waves that may be considered 
Schallamach waves. This characteristic shape is due to the 
friction surface of a soft elastomer on solid surface. The inter-
face is often dominated by the occurrence and distribution of 
elastic instabilities in the form of surface waves. The presence 
of these waves can lead to significant changes in friction char-
acteristics. The Schallamach waves are composed of small 
regular fractures (layers) across the direction of feed1. The 
Schallamach waves are formed on the elastomer, when the 
hard body, or in this case the grinding tool, moves across the 
surface of the elastomer by critical speed. 
 
This work was supported by the Ministry of Education, Youth 
and Sports of the Czech Republic under the grant MSM 
7088352102. This support is gratefully acknowledged. 
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Separation of chips in chip working methods is a very 
complicated process; its course depends on many factors, 
especially on the physical properties of the machined material 
and its dependence on plastic deformation conditions. It is 
characterized by a high local shear stress in the order of 
105 MPa, a high speed of shearing deformation (103–105 s1), 
interaction of the tool with the newly created surface that is 
chemically active; comparatively high number of tool and 
geometry  parameters,  which  can  significantly  change  the 
cutting process; structurally metallurgical parameters of the 
machined surface that can influence its behaviour against 
material of the cutting tool2.  

The cutting process is realized in a machine-workpiece-
tool system with the machined surface parameters being the 
most important output. From this point of view, problems of 
identified chip formation and its technological characteristics 
plays an important role. Theoretical and experimental studies 
of these materials are usually done for a case of orthogonal 
cutting. Elastic and plastic deformations in the take-off layer 
result at the point of cutting; there is primary plastic deforma-
tion in front of the tool edge and secondary plastic deforma-
tion occurs in surface layer of the chip in connection with the 
tool face3. There is an outer load that affects the take-off layer 
and causes tension in this layer at relative motion of the tool 
against the workpiece. A field of deformation narrows with 
the increase of the cutting speed. As a result, angle of plastic 
and elastic deformation plane grows. At high cutting speed 
the mentioned angles virtually coincide and it can be thought 
that the chip is formed by plastic slip in the shear plane of 
which position is defined by the shear plane angle . 

It is desirable to achieve a continuous chip flow while 
machining to prevent the generation of heat and deformation 
of the workpiece. To achieve this it is necessary to machine 
by tool with critical or a large rake angle, which ensures that 

Fig. 2. Spatial surface quality evaluation of material 9341-358, 
grinding wheel 49C 60K 9V, ae= 0,04 mm, vf = 7 m min1 

Fig. 3. Microscopic observation (50x) of the surface waves for 
materials 9341-358 and 733 

Fig. 1. Simplified model of chip formation in the take-off layer at 
orthogonal cutting – view into the work plane 
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the chip will generate a continuous chip with minimal surface 
distortion4. Selection of cutting conditions is also very impor-
tant. In particular, the size of the chip per tooth is determined 
by the feed rate. Cutting conditions, allowing the increase of 
depth of cut should be chosen on the ground to reduce heat 
generation in the material. 

An example of turning PA6 material is set in Fig. 1. 
Conditions of experiment were: workpiece diameter 44 mm, 
revolutions per minute 630 min1, feed rate 0,2 mm, depth of 
cut 1 mm a geometry of cutting tool (SCLCR1616H09) r = 
45°,  γo = 0°, λs = 0°. Chip formation was recorded highspeed 
camera Olympus I-Speed2 with recording rate 5000 frames 
per second. At the beginning of the experiment, the chip starts 
to break after a while. It might be explained by low tempera-
ture at the point of cutting. In the next phase (Fig. 2), the chip 
is long and turns into a regular spiral. 

Grinding thermoplastics is difficult because of their low 
melting temperature,  resulting in the clogging of  surface 
grinding wheel. It is recommended to use a grinding wheel 
with more open spaces between the grains and a low level, 
together with the excessive amount of coolant to prevent 
overheating and clogging the grinding wheel1. 

For example, Kobayashi5 recommends grinding wheel 
38A46F12V for grinding polystyrene. Generally, materials 
hard to grind are grinded by finer grit wheels and a soft mate-
rials are grinded by coarse grained grit wheels. The author 
recommends usage of wheels with a grain size 54 for thermo-
sets and 46 for thermoplastics. Cutting speed has strong influ-
ence on the selection of a suitable grinding wheel degree. It is 
known that the cutting speed is higher, the finer the grinding 
wheel should be. In the case of thermosets should be chosen 
the "F" degree of hardness and the "G" degree of hardness for 
thermoplastic. The reason is the relationship between a higher 
ratio of peripheral speed and cutting speed during grinding 
thermoplastics than thermosets. 

Most of the machined technological materials are crys-
tallic materials, especially metals, due to their chemical com-
position, mechanical and physical properties, method of pro-
duction (thermal or mechanical  machining) and structure. 
Literature describes theory of metal machining in details; on 
the other hand, machining of plastics is partly neglected de-
spite having several specialties. Plastics have small values of 
cutting resistance that decrease with a heat generating at ma-
chining. Next, they are characterized by low thermal conduc-
tivity. Therefore the heat is not conducted by the machined 
material or the chip but almost fully absorbed by the tool that 
is significantly heat loaded. This causes rapid tool wear at 

machining of soft plastics. In comparison to steel, multiple 
thermal expansion of plastics induces considerable changes of 
part dimensions during or just after machining. Very hard 
plastics (phenols, polyesters and plastics with fillers) substan-
tially wear out the tool by abrasion so that it is necessary to 
machine them by tools with sintered carbides. Plastics without 
mineral fillers can be machined by tools made of high-speed 
steel.     

Evaluation of 3D structure of grinded surface of samples 
using Talysurf CLI 500 was carried out under the cutting 
conditions ae = 0.01 mm, steel ae = 0.04 mm and feed rate vf = 
7 m min1. The size of the investigated area was 1  1 mm. 

Fig. 3 can identify cut tops for PP material caused by the 
poor reflectivity of the material. Comparison of 2D micro-
surfaces for material PP and steel shows Fig. 4. 

Based on measured data statistical model of behavior 
was developed. As dependent variables were chosen depth of 
cut ae, feed rate vf and grain type of grinding wheel. Obtained 
results from the software STATISTICA7 show that: feed rate 
at least affects roughness parameters, the correlation coeffi-
cient between Ra and Rz is statistically significant at p<103, 
the correlation coefficient r = 0.97. 

Roughness parameter Ra does not significantly affect 
these parameters and combinations: feed rate; material (only 
PA6GF30); type of grain * material (only PA6GF30). 

Roughness parameter Ra significantly affects these pa-
rameters and combinations: depth of cut; type of grain; mate-

Fig. 2. Stages of chip formation by turning of PA6  

Fig. 3. Spatial analysis of grinded surface, grinding wheel A99 60J 
12V V, PP material 

Fig. 4. 2D surface cutout, grinded material PP -left and steel 
1.0060 (E335) -right, grinding wheel A99 60J 12V 
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rial; type of grain * material. 
The results are presented in the box plots, Fig. 5 to 6. 

 
This work was supported by the Ministry of Education and 
Youth of the Czech Republic under grant MSM 7088352102.  
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Abstract 
 

The graft copolymerization of acrylonitrile (AN) onto 
natural rubber (NR) was carried out in toluene at 80 oC, using 
dibenzoyl peroxide (BPO) as initiator. The synthesized acry-
lonitrile-grafted-natural rubber (NR-g-AN) was characterized 
by FT-IR/Raman spectroscopy and N % elemental analysis. 
The  NR-g-AN  was  incorporated  into  natural  rubber/
butadiene acrylonitrile rubber (NR/NBR) blend with different 
ratios, where the homogeneity of such blends was examined 
with scanning electron microscopy (SEM) and differential 
scanning calorimetry (DSC). The scanning electron micro-
graphs illustrate improvement of the morphology of NR/NBR 
rubber blend as a result of the incorporation of NR-g-AN 
onto that blend. DSC traces exhibits Tg’s transitions shift of 
NR and NBR in their blend indicating some degree of com-
patibility. Thermal stability of the homogeneous and inhomo-
geneous rubber blend vulcanizates was investigated by deter-
mination of the physico-mechanical properties after and be-
fore accelerated thermal aging. NR/NBR (50/50) blend pos-
sesses the best thermal stability.  
 
 
Introduction 
 

Blending of two incompatible polymers yields a mate-
rial with poor mechanical properties. The physico-
mechanical properties of such blends can be significantly 
improved by the addition of suitable compatibilizing agent. 
The degree of compatibility of the two individual compo-
nents plays an essential role in the applicability of the final 
product in industry. Acrylonitrile–butadiene rubber (NBR) 
has a very good resistance to hydrocarbon oil. High degree of 
hydrogen bonding and polarity of NBR can be adjusted, de-
pending on acrylonitrile content, to suit the applications of 
final rubber products; the greater the acrylonitrile content the 
higher the oil resistance13. Due to molecular restriction, the 
glass transition temperature (Tg) of NBR shifts to higher 
temperature when AN content is increased. Due to the ab-
sence of strain-induced crystallization, unfilled NBR vulcani-
zate suffers from its low mechanical properties. In contrast, 
natural rubber (NR) is a non-polar rubber which has very 
good mechanical properties as a result of formation of strain-
induced crystallization at high deformation strains. Compared 
to NBR, NR is less expensive and, therefore, a blending of 
NR with NBR is usually carried out for cost reduction of the 
final products requiring inherent NBR properties4,5. Accord-
ing to the solubility parameters values of NR and NBR ob-
tained using Joel Hildebrand equation6,7. 

Fig. 5. The dependence of roughness parameter Ra at a depth of 
cut during grinding of thermoplastics 

Fig. 6. The dependence of roughness parameter Ra at a feed rate 
during grinding of thermoplastics 
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Where C is the cohesive energy density, ∆H is the heat of 
vaporization, Vm is the molar volume, R gas constant and T 
is the temperature in Kelvin; NR and NBR are immiscible at 
all blend ratios because they are 10 units apart in the  ∂ scale. 
The way to overcome this miscibility problem is either to 
chemically bond the two phases which will hinder the elastic-
ity of the system or by using a compatibilizing agent, which 
can stabilize one phase into the other by lowering the interfa-
cial tension. Many authors812 have used grafted rubber to 
ease the blending of other rubbers. Poly (acrylonitrile-co-
methyl methacrylate-co-styrene) has successfully been used 
as compatibilizer for NBR rubber blend13. From our previous 
work14 non-polar rubber (EPDM) grafted with poly (acrylo-
nitrile) and/or poly (acrylic acid) were proven to act as good 
compatibilizers for NBR rubber blends. Also, EPDM has 
been grafted with maleic anhydride (MAH) by mechanical 
method. The resulted MAH-g-EPDM has successfully been 
used in our laboratories15 as compatibilizer for NR blend. In 
the present article, grafting AN onto NR was carried out to 
obtain a system of two far distinct solubility parameters; NR 
(∂=8.5) which is identical to NR and the other AN (∂= 21.5) 
is close to NBR (∂ = 18.5).  

The application of NR-g-AN as a compatibilizer for 
NR/NBR blend is discussed. The Physico-mechanical proper-
ties of the blends are evaluated after and before accelerated 
thermal aging. 
 
 
Experimental 
 
Materials 

Acrylonitrile monomer a product of Merck, Darmstadt, 
Germany, was purified with vacuum distillation. Benzoyl 
peroxide, a product of Acros, New Jersey, USA, was re-
precipitated from chrorofrom twice. Toluene, chloroform and 
methanol products of El Nasr Chemical Company, Cairo, 
Egypt, were used as received. Dimethylsulfoxide, acetone, 
anhydrous  sodium sulfate products of Riedel de Haën, 
Seelze, Germany, were of analytical grade and used as re-
ceived. Natural rubber (smoked sheets) of 48 Mooney viscos-
ity [ML (1+4) 100 oC]  is a product of Malaysia. NBR 
(Krynac 3450) of 34 % acrylonitrile content and 50 Mooney 
viscosity [ML (1+4) 100 oC] is a product of Bayer Company, 
Leverkosen, Germany.  
 
Techniques 

SYNTHESIS OF NR-g-AN Grafting of AN onto NR 
was carried out in 2L nitrogen flushed three-neck  round 
bottom flask, using a mechanical stirrer at 500 rpm. One liter 
NR/toluene solution (10 g L1) was introduced into the reac-
tion vessel and heated up to 70 °C, then BPO (2.06 mmol) 
was added. Forty mL AN (603 mmol) was added to the reac-
tion medium within 60 minutes in a step-wise manner; in 
order to avoid crosslinking. The copolymerization reaction 
mixture was stirred for 330 min. The reaction product was 
precipitated overnight in methanol, decanted and washed 
several times with methanol. NR-g-AN was purified from 

poly acrylonitrile homopolymer by being dissolved in THF 
and precipitated in DMSO twice. The precipitate then rinsed 
with water as well as methanol several times and finally dried 
in vacuum oven at 40 °C for 7 days. 
 
Characterization 
NR-g-AN was characterized by means of the following tech-
niques: 
1. FT-IR Spectrophotometer (Nicolet, Nexus 821, Madison, 
USA) was used in order to assign the characteristic peaks. 
The grafted rubber sample, for this test, was prepared by 
swelling followed by dissolution of 2 g NR-g-AN in 20 mL 
toluene. One drop of the concentrated solution resulted was 
spread over the KBr disc. 
2. DSC (Shimadzu, DSC-50, Foster City, CA, USA), was 
used to determine the glass transition temperatures. The Tgs 

are kept from second scan. 
3. Elemental Analyzer (Perkins-Elmer, Elementar, Hanau, 
Germany) was used to determine the nitrogen content in the 
grafted rubber prepared. 
 
Scanning electron microscopy 

Scanning microscopy was conducted in order to investi-
gate the morphology of NR/NBR rubber blends in presence 
and absence of SBR-g-AA, with the aid of scanning electron 
microscope, Model JSM-T20, JEOL, Technics Co. Ltd., To-
kyo, Japan, at magnification M=500X.  
 
Mixing and vulcanization  

NR, NBR and NR/NBR rubber blend mixes with differ-
ent blend ratios (75/25, 50/50, 25/75) were prepared in pres-
ence and absence of SBR-g-AA on an open two roll-mill of 
170 mm diameter and 300 mm working distance at 24 rpm 
speed of slow roll and gear ratio of 1:1.25 at 70 °C. NR-g-
AN was first mixed with NR then NBR was added onto the 
mill followed by the rubber compounding ingredients. The 
rheometric characteristics were assessed with a Monsanto 
Oscillating Disc Rheometer R-100 at 152 ± 1 °C according to 
ASTM D 2084-95 (1998). The formulations and the rheologi-
cal properties of rubber mixes are listed in Tables I and II. 
The rubber mixes were then cured in a hydraulic press at the 
same temperature.  
 
Rubber testing  

The physico-mechanical properties of rubber vulcani-
zates were determined with a Zwick-1425 tensile tester ac-
cording to ASTM D412-98a (1998). Accelerated thermal 
aging of rubber vulcanizates was carried out in an air circu-
lated electric oven at 90 °C according to ASTM D573-88 
(1994). It should be noted that the results are taken in five 
replicates. 
 
 
Results and discussion 
 
Inhomogeneous NR/NBR blends 
It is obvious from Table I that the minimum torque increased 
as the NBR content increased. Also, NBR and NBR rich 
blend possess longer cure time (tc90o) and lower cure rate 
index; this can be attributed to acrylonitrile plastic portion of 
NBR. The rubber mixes were then vulcanized at their cure 
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times. Physico-mechanical properties of NR, NBR and their 
blends with different blend ratios were measured and listed in 
Fig. 1. Tensile strength and elongation at break of NR are the 
highest and those of NBR are the least. However tensile 
strengths and elongation at break of the blends show irregular 
pattern as NBR content increases in the blends; this can be 
attributed to the incompatibility of NR and NBR. The rubber 
vulcanizates under investigation were subjected to thermal 
aging accelerated. The physico-mechanical properties were 
determined after thermal aging for different periods up to 7 
days. Fig. 2 illustrates that tensile strengths of NR and NR 
rich blend decrease dramatically upon thermal aging whereas 
NBR shows thermally stable tensile strength but with low 
values. NBR rich blend possesses high tensile strength values 
with thermal stability up to 4 days of aging; thereafter it 
shows low values indicating low thermal stability. However, 
NR/NBR (50/50) rubber blend shows good thermally stable 
tensile strength with good values. Elongation at break (Fig. 3) 
of NR and NR rich blend shows dramatic decrease upon 
thermal aging. However NBR and NBR rich blends show 
thermally stable elongation at break up to 4 days of aging, 
thereafter they show low thermal stability. On the other hand 
NR/NBR (50/50) blend shows thermally stable elongation at 
break over the whole range of aging periods. Tensile strength 
and elongation at break of the rubber vulcanizates, obtained 
after 7 days of aging, are plotted vs. NBR content in the 
blend (Fig. 4). Tensile strengths and elongation at break of 
the blends show irregular pattern for all rubber vulcanizates 
as NBR content increases in the blends It is clear that the best 
tensile strength together with good elongation at break are 
shown with NR/NBR (50/50) blend after aging for 7 days.  

Table I 
Formulations and rheological properties of NR/NBR rubber 
blends with different blend ratios 
Ingredients, phr.  S1 S2 S3 S4 S5 
NR 100 75 50 25 0 
NBR 0 25 50 75 100 
Zinc oxide 5 5 5 5 5 
Stearic acid 2 2 2 2 2 
Silica 20 20 20 20 20 
Carbon black 20 20 20 20 20 
Processing oil 5 5 5 5 5 
*CBS 1 1 1 1 1 
Sulfur 2 2 2 2 2 
Rheological pro-
perties           

Minimum torque, 
Nm. 1 3 3.5 4 5 

Maximum tor-
que, Nm. 48 56 56 59 55 

Scorch time 
(ts2), min. 4.5 3.75 4 4.25 4.75 

Cure time (tc90), 
min. 10 10 10 13 18 

Cure rate index, 
min¯¹. 2.1 1.9 1.9 1.8 2 

*N-cyclohexyl-2-benzothiazole sulfenamide 

Fig. 1. Tensile strength and elongation at break of NR/NBR 
blend vulcanizates vs NBR content in the blend 

NBR content in NR/NBR blend, weight parts 

Aging periods, days. 

Fig. 2. Tensile strength of NR/NBR blend vulcanizates vs aging 
periods, at 90 oC 

Fig. 3. Elongation at break of NR/NBR blend vulcanizates vs 
aging periods, at 90 oC 

NBR content in the blend, weight parts. 
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Grafting of acrylonitrile onto NR 
Fig. 5 shows the graft copolymerization of AN onto NR 

conversion- time curve as a function of N %. The induction 
period of the graft copolymerization is quite low ~ 30 minu-
tes. The conversion to NR-g-AN  increases with time without 
any aspect of leveling off (plateau) up to 6 hrs; this can be 
explained  in  terms  of  the  high  concentration  of  AN 
(603 mmol L1) and the huge number of double bonds in the 
high NR molecular weight chains. The probability of achiev-
ing high molecular weight of grafted polyacrylonitrile seg-
ment is quite sure very low; due to solubility problems of 
NR-g-AN obtained14.  
 
Elucidation of NR-g-AN structure  

Fig. 6 shows the FT-IR spectrum of AN-g-NR. The 
spectrum shows the characteristic groups (CH3, CH2, C=C) of 
NR at 1376, 1452 and 1666 cm1 respectively, and the char-
acteristic (-CºN) group of NR-g-AN at 2240 cm1. The peak 
at 1715 cm1 is attributed to the carbonyl group of the BPO 
initiator. The peak at 1770 cm1 is attributed to (C=N) group 
which results from the interaction of benzoate group with the 
cyanide group14. The weak intensity of the nitrile group is 
attributed to the low concentration of NR-g-AN subjected to 
IR beam. 
 
Homogeneity of NR/NBR blend 

Uncured NR/NBR (50/50) blends with and without NR-
g-AN (10 phr) were prepared. The micrograph (Fig. 7a) of 
the blend, without NR-g-AN, illustrates two different phases 
for the individual rubbers indicating phase separation and 
inhomogeneity of NR/NBR blend.  However, the micrograph 
(Fig. 7b) of NR/NBR blend containing NR-g-AN shows one 
phase  and  no  phase  separation  takes  place  indicating 
a change in morphology and enhancement of homogeneity of 
NR/NBR blend. This can be a result of co-continuous phases 
where both NR and NBR form continuous phase after addi-
tion of NR-g-AN. DSC technique was used to detect qualita-

tively the homogeneity of NR/NBR blends. Figure 8 a, b 
illustrates the DSC traces of NR/NBR (50/50) blends with 
and without NR-g-AN. The Tg’s of NR and NBR in their 
blend appear at 76.2 °C and 39.9 °C respectively with Tg 
difference of 36.3 oC. However, the Tg’s of NR and NBR in 
their blend with NR-g-AN appear at 75.3 °C and 42.6 °C 
respectively with Tg difference of 32.7 °C. These data illus-
trate that Tg’s of NR and NBR became closer to each other 
upon incorporation of NR-g-AN. This can be attributed to the 
reduction of interfacial energy and to the increase of adhesion 
between phases. Therefore, NR-g-AN succeeds to improve 
homogeneity of NR/NBR blend.   
 
Homogeneous NR/NBR blends containing NR-g-AN 

Physico-mechanical properties of the rubber vulcani-
zates (formulations and rheological properties are listed in 
Table II) were measured and plotted vs. NBR content in the 
blend as shown in Fig. 9. It is obvious that tensile strength 
and elongation at break of the rubber vulcanizates lie on 
straight lines upon incorporation of the NR-g-AN indicating 
that those values follow the linear relation of additive rule. 
The rubber vulcanizates were then subjected to thermal aging 
accelerated.  Physico-mechanical  properties  of  the  rubber 
vulcanizates were measured and plotted vs. aging periods. 
Fig. 10 illustrates that the tensile strengths of the NR and NR 
rich blend decrease dramatically upon thermal aging. NBR 
and NBR rich blend possess thermally stable tensile strength 
with  moderate  values.  However,  NR/NBR (50/50)  blend 
possesses excellent tensile strength values but with low ther-
mal stability. Also, the elongation at break (Fig. 11) of NR 
and NR rich blend decreases dramatically with aging periods 
and possesses the least values. The elongation at break of 
NBR and NBR rich blend decreases with aging periods but 
with higher values. However, NR/NBR (50/50) blend shows 
good elongation at break values with low thermal stability. 
The elongation at break and the tensile strength results con-
firm one another. The tensile strength and the elongation at 
break of NR/NBR blend vulcanizates containing NR-g-AN 
were plotted vs. NBR content in the blend after aging for 7 
days at 90 °C, as shown in Fig. 12. It is clear that the tensile 
strength and the elongation at break values show straight 
lines and follow the additive rule (desirable phenomenon); 
this behavior can be attributed to the improvement in the 

NBR content in the blend, weight parts. 

Fig. 4. Tensile strength and elongation at break of NR/NBR blend 
vulcanizates vs NBR content in the blend after aging for 7 days at 
90 oC 
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homogeneity of NR/NBR blends upon incorporation of NR-
g-AN. In addition the best mechanical properties are pos-
sessed with NR/NBR (25/75) blend, after thermal aging. 
 
 
Conclusions 
 
1.  The percentage grafting of AN onto NR continuously 

increase with time without any aspect of leveling off. 
2.  Incorporation  of  NR-g-AN into  NR/NBR blend im-

proves the blend morphology as shown from SEM mi-
crographs. 

3.  Tg’s shifts of NR and NBR in their blend confirm some 
degree of  NR/NBR homogeneity as seen from the DSC 
traces. 

4.  Of the entire blend ratios examined NR/NBR (25/75) 
rubber blend containing NR-g-AN possesses the best 
thermal stability together with good physico-mechanical 
properties. 

5.  The physico-mechanical properties of NR/NBR homo-
geneous blends follow the additive rule, after and before 
thermal aging for 7 days at 90 °C. 

 
 

Fig. 7. SEM micrographs of NR/NBR blend; (a) Uncompatibi-
lized, (b) Compatibilized with AN-g-NR, M=500X 

a 
 
 
 
 
 
 
 
 
 
 
 
 
 
b 
 

a 
 
 
 
 
 
 
 
 
 
 
 
 
 
b 
 

Fig. 8. DSC traces of NR/NBR rubber blends, (a) Compatibilized 
blend, (b) Uncompatibilized blend. 

NBR content in the blend, weight parts 

Fig. 9. Tensile strength and elongation at break of  NR/NBR blend 
vulcanizates compatibilized with AN-g-NR vs NBR content in the 
blend 
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Table II 
Formulations and rheological properties of NR/NBR rubber 
blends compatibilized with AN-g-NR 
Ingredients, 
phr. S6 S7 S8 S9 S10 
NR 100 75 50 25 0 
NBR 0 25 50 75 100 

AN-g-NR 10 10 10 10 10 

Zinc oxide 5 5 5 5 5 

Stearic acid 2 2 2 2 2 

Silica 20 20 20 20 20 
Carbon 
black 20 20 20 20 20 
Processing 
oil 5 5 5 5 5 

*CBS 1 1 1 1 1 

Sulfur 2 2 2 2 2 
Rheological 
properties           
Minimum 
torque, Nm. 2 3.5 4 4.6 6 
Maximum 
torque, Nm. 50 58 58 61 57 
Scorch time 
(ts2), min. 3.75 3.5 3 4 4.75 
Cure time 
(tc90), min. 9 8 8 11.5 22 
Cure rate 
index, 
min¯¹. 

2.1 1.8 1.85 1.8 2 

*N-cyclohexyl-2-benzothiazole sulfenamide 

Aging periods at 90 OC, days. 

Fig. 10. Tensile strength of NR/NBR blend vulcanizates compati-
bilized with AN-g-NR vs aging periods, at 90 °C 

Aging periods at 90 °C, days. 

Fig. 11. Elongation at break of NR/NBR blend vulcanizates com-
patibilized with AN-g-NR vs aging periods, at 90 °C 

NBR conrent in the blend, weight parts. 

Fig. 12. Tensile strength and elongation at break of NR/NBR 
blend vulcanizates compatibilized with AN-g-NR vs NBR content 
in the blend after aging for 7 day at 90 °C 
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Abstract 
 

FeSi/PVC composite materials with different filler con-
centrations (10, 20, 30, 40, 50 and 60 vol.%) were prepared 
using a dry low-temperature hot-pressing process (at 135 °C 
and 5 Pa) and the electromagnetic wave (EM-wave) absorption 
properties have been investigated by means of a oaxial S-
parameter method in the frequency range from 1 to 3000 MHz. 

The return loss (RL), matching frequency (fm), matching thick-
ness (dm), and the bandwidth (_f) for RL  20 dB were nu-
merically simulated by a simple program. Decreasing the FeSi 
content in the composite, the matching frequency increases, the 
matching thickness decreases and the band width enlarges. 
Compared with spinel ferrite/polymer absorbers, the absorbers 
with conductive magnetic filler have better absorbing proper-
ties, such as a thinner matching thickness and a wider EM-
wave bandwidth. 
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Abstract 
 

Present trend in the field of chemistry technology is to 
replace plasticizers based on high-aromatic oils for other type 
of plasticizers, because high-aromatic oil contains polycyclic 
aromatics which are carcinogen. This replacements are mainly 
because of ecological and economical reason.  

The use of plasticizers in rubber is very old. They are 
added into the rubber mixtures to reduce the friction at the 
system or improve other characteristics like adhesiveness, 
elasticity, resistance of ozone, frost and flammability resis-
tance. The oleic acid and oleylamine are useful as potentional 
plasticizers for rubber mixtures. To improve observed mainly 
physic-mechanical properties of cured rubber mixtures we 
also used these plasticizers in combination with emulgators 
Triton  405,  Tween  40  and  Etoxon  AF5.  We  compared 
changes in cured butadiene styrene rubber (SBR) mixture 
properties with basic plasticizers and plasticizers with emul-
gators by using the dynamic mechanical thermal analysis 
DMTA. 
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TMA measures  material  deformation  changes  under 
controlled conditions of force, atmosphere, time and tempera-
ture. The Q400 features the standard mode, offers all the ma-
jor TMA deformation modes necessary to characterize a wide 
range of materials such as solids, foams, films and fibers. 
These include expansion, penetration, compression, tension 
and three point bending, while the Q400EM additionally of-
fers stress /strain, creep, stress relaxation, dynamic TMA and 
modulated TMA modes. We used TMA for characterization 
of fillers influence on thermal and physical properties. 
 
1. Introduction 

 
Knowledge of the chemical resistance of materials to 

their environment is critical as their failure leads to downtime 
for the system and increased maintenance costs, as well as fire 
and safety hazards. The changes in weight, hardness, me-
chanical properties and glass transition temperature Tg are 
used to assess and understand the effect of plasticizers on the 
properties of the elastomers1. 

The aim of this work is to produce a rubber mixture with 
optimized plasticizer composition. Since the usage of plasti-
cizers is improving the mechanical and physical properties of 
composites it is expected that the ideal composite will obtain 
maximum E’ in the dynamic mechanical testing2.  

Thus, it is felt important to look into the composites 
performances related to their dynamic mechanical thermal 
properties that can be studied via dynamic mechanical testing. 
This test measure the response of a material to a sinusoidal 
stress which posses valuable structural information of the 
plasticizers alone and plasticizers with emulgators systems 
when they are subjected to dynamic load over a wide range of 
temperature and frequency3,4. 

The practical  importance of the  material  parameters 
improvement in post-curing process scenarios must be tested 
in connection with the complex demands of the customers but 
DMTA can help to find out optimal post-curing conditions in 
a short time5.  

The ability to measure both of these moduli enables the 
full characterization of a viscoelastic material. Increases of tan 
delta can be due to microscopic factors such as molecular 
relaxations or macroscopic factors such as phase boundary 
motion, interfacial failure. It has far greater sensitivity to both 
macroscopic and molecular relaxation processes than thermal 
analysis techniques based upon a temperature probe alone6.  

The  term  "thermal  analysis"  meant  simply  heating 
a sample in a capillary melting point tube to measure the 
melting point, or incinerating it to measure its ash content7. 
 
2. Experimental part 
    

Mixtures were prepared by mixing in a two Brabender 
mixer with chamber of volume 70 cm3.  

Triton,  Tween,  Etoxon  are  emulgators.  Finally  was 
mixed activator ZnO. Mixtures have been prepared with the 
standard, which doesn´t contains the oils. Other components 
in the first instance were constant. In the second mixing step 
we added curing agent (sulfur) and accelerator to the com-
pound8, 9.  

Measurement of dynamical mechanical properties de-
vice for TMA Q400 EM (TA Instruments) were performed on 

samples with dimensions (30  3  0.3) mm3 and over a range 
of temperature from –60 to 12 °C at frequency 0.5Hz. Pre-
pared samples were measured at heating rate (3 °C min1) and 
then at cooling rate (5 °C min1). In order to attach the verti-
cal sample during measurement to avoid significant applica-
tion of viscose flow, were chosen 100 mN static force and 
dynamic force of 60 mN. Heating rate (3 °C min1) showed 
better  reproducibility  of  measurements  (in  the  frequency 
used), therefore it was applied to other measurements. 

 
3. Results and discussion 
 
3.1 Physical-mechanical properties 

 
Mechanical properties of rubber blends plasticized with 

the two plasticizers and three emulgators were obtained by 
tensile test. Mixtures of softened oleic acid achieved compa-
rable strength values of mixtures using oleylamine. The use of 
ecologic plasticizers showed some changes of physical and 

I. step dsk 

Styrene Butediene Rubber 100 

Filler – Starch 40 

ZnO 2 

Plasticizer 1 and 4 dsk 

II. Step   

Sulphur 2 

CBS 1,5 

Table I 
Formulation of the mixture 

  Rm 
[MPa] 

A[%] Dl[mm] Es[MPa] El[MPa] 

Oleic acid 4 
dsk+1 dsk 
TWEEN 
(A4 Tw) 

22,64 203 142 2468 480 

Oleic acid 4 
dsk+1 dsk 
ETOXON 
(A4 Et) 

21,3 263 149 2437 460 

Oleic acid 4 
dsk+1 dsk  
TRITON 
(A4 Tr) 

20 263 183 2156 420 

Oleic acid 4 dsk 19,8 272 216 1937 370 

Standard 18,7 354 248 312 230 

        Tmax=55 Tmax=55 

Table II 
Mechanical properties for oleic acid blends and standard 
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mechanical properties as shown in Tables II and III. 
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Dynamic mechanical thermal analysis 
 

The properties obtained from the dynamic mechanical 
thermal analysis are the storage modulus (E'), loss modulus 
(E´´) and tan delta (tan delta) that is recorded as a function of 
temperature in range between (60 °C) and 12 °C. Tempera-
ture dependences of storage modulus are shown in Fig. 1,2. 

Table III 
Mechanical properties for oleylamine blends and standard 

  Rm 
[MPa] 

A[%] Dl[mm] Es[MPa] El[MPa] 

Oleylamin 4 
dsk+1 dsk 
TWEEN 
(B4 Tw) 

22,64 316 148 1812 359 

Oleylamin 4 
dsk+1 dsk 
ETOXON 
(B4 Et) 

21,9 324 219 1375 275 

Oleylamin 4 
dsk+1 dsk  
TRITON 
(B4 Tr) 

20,7 328 222 1314 265 

Oleylamin 4 
dsk 

20,5 340 238 1312 218 

Standard 18,7 354 248 312 230 
        Tmax=55 Tmax=55 

Fig. 1,2. Temperature dependence of storage modulus for oleic 
acid and oleylamine blends 
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These measurements have been confirmed and the re-
sults for storage modulus E´ of blends containing plasticizer 
oleic acid 4dsk, oleic acid with triton, tween, etoxon and stan-
dard are shown in Table II. In Table III are shown results for 
storage  modulus  E´  of  blends  containing  plasticizer 
oleylamine 4 dsk, oleylamine with triton, tween, etoxon and 
standard. 

Isochronal loss curves at a frequency of 0,5 Hz are 
shown in Fig. 3,4 for blends with oleic acid and oleylamine. 
The curve clearly shows maximal peak at temperature of glass 
transition. 

The behavior of an amorphous polymer, since the de-
crease in the storage modulus and the peak in the tanδ corre-
sponds to a typical transition from a glassy to a rubbery 
state11, 12.  

According to the tanδ plot, the Tg of plasticizers of first 
part in figure 5 can be estimated at 37,5 °C for A4 Tr and A4 
Tw; 37 °C for A4 Et and 35,5 °C for A4.  

Values of Tg for oleylamine blends are 41 °C for 
B4; 39,5 °C for B4 Et and B4 Tw and (39 °C) for B4 Tr. 
Thus, there are few differences between these two plasticizers 
alone and with emulgators at the same weight concentration.  

The highest values of Storage and Loss of modules were 
obtained in the chronological order (see Tables II, III). From 
results can be seen that for both types of plasticizers used, we 
reached the same sequence. For increasing storage and loss 
modules, we noticed increase in tensile strength. The results 
show that storage modulus increased significantly in mixtures 
prepared with emulgators, Tween especially reached the high-
est values for both types of plasticizers.  

 
Samples denomination: 
Standard – mixture without plasticizer A4  4 dsk oleic acid 
A4 Et  4 dsk oleic acid + 1 dsk Etoxon 
A4 Tr  4 dsk oleic acid + 1 dsk Triton 
A4 Tw  4dsk oleic acid + 1 dsk Tween 
B4  4dsk oleylamin 
B4  Et  4dsk oleylamin+ 1dsk Etoxon 
B4  Tr  4dsk oleylamin + 1dsk Triton 
B4  Tw  4dsk oleylaminu  + 1dsk Tween 

 
Tan delta at 25 °C is characterized by traction on snow 

and ice. It is required that the value of tan delta was high. We 

Fig. 5,6. Temperature dependence of tanδ for oleic acid and 
oleylamin blends 
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  T 
(max tgδ) 

max tgδ Tgδ 
(-25 °C) 

Tgδ 
(0 °C) 

Tgδ 
(60 °C) 

A4 35,50 0,76 0,40 0,19 0,11 

A4 Tr 37,50 0,81 0,38 0,17 0,10 

A4 Et 37 0,91 0,43 0,19 0,11 

A4 Tw 37,50 0,79 0,44 0,22 0,14 

B4 41 0,87 0,26 0,18 0,12 

B4 Tr 39 0,80 0,31 0,16 0,10 

B4 Et 39,50 0,90 0,36 0,22 0,15 

B4 Tw 39,50 0,77 0,29 0,17 0,11 

Standard 45 0,73 0,25 0,20 0,13 

Table IV 
Determination of the dynamic loss - tangent delta 
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may say that higher values are noticed for mixtures with ap-
plication of organic plasticizer which is oleic acid. From this 
we can conclude that oleic acid as organic plasticizer could be 
a substitute for winter tread compound. 

Tan delta at 0 °C is characterized by wet traction. It is 
required that the value of tan delta is high. The highest values 
were achieved with a mixture of A4 Tw application of oleic 
acid with Tween surfactants and B4 with Et application with 
oleylamine surfactant Etoxon. All other mixtures have lower 
values of tan delta. The lowest value was achieved with 
a mixture of B4 Tr application with oleylamine surfactant 
Triton. 

Tan delta at 60 °C is characterized by rolling resistance. 
It is required that the value of tan delta is low. Mixture 
reached relatively low values. However, the lowest value 
reached mixture A4 Tr (oleic acid with surfactant Triton) and 
B4 Tr (oleylamine with surfactant Triton). 

Finally, we can say that the mixture that have better 
values of traction in wet adhesion (A4 Tw and B4 Et) achieve 
a higher rolling resistance. Lower rolling resistance achieved 
contrast mixture, which have higher levels of traction on snow 
and ice. In Figures 5, 6 are the comparison curves of the loss-
tangent delta temperature of mixtures. 
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Abstract 
 
In this contribution we present measurements of external 

and internal tire temperature as well as the internal tire pres-
sure by complex system for the simultaneous contact less 
measurement of these values (CTPA). The measurement is 
fully automatic, controlled by a personal computer and in-
stalled “in situ” on the car. The global position system, which 
is connected to a PC, further allows us to measure also the car 
speed in synchronized regime with other measured parame-
ters. All external temperatures under investigation were inde-
pendently tested by other contact thermometers.  

 
 

Introduction 
 
The measurements of thermal conductivity, heat capac-

ity and thermal diffusivity play an important role in rubber 
industry, mainly in tire construction, because these values 
and their changes directly influence the instantaneous value 
of viscosity, loss factor  and by means of that the adhe-
sion of tire to a road surface. 

Tire is a product constructed from composite material 
consisting of  rubber,  textile  and metal.  Tire  deformation 
(accompanied by hysteresis) and friction create a heat in a tire 
and its amount depends on many factors such as material 
properties, pressure and construction, etc. 

Smart Tire’s light vehicle products1 are designed to 
provide  accurate  and  up-to-date  tire  information  at  the 
driver’s fingertips and activate an alert or warning when the 
tire pressure or temperature irregularities are detected.  

Another one is the Performance Calculator Tire Tem-
perature Analysis, which provides a handy way to get a quick 
analysis of the tire temperatures measured from a vehicle2.  

TireChek, a tire pressure monitor is a unique new inven-
tion that affords a low cost system for monitoring vehicle tire 
pressures. If any of the vehicle's tires loses a small amount of 

tg
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air so that its pressure becomes THREE PSI low, that tire's 
appropriate under-dashboard mounted red indicator light will 
flash a warning. The drawing below shows a Deluxe version 
that includes yellow indicators for ONE PSI low earlier warn-
ing3. 

 One of the features of “Tire Temperature Analyzer“, the 
software, which uses artificial intelligence to evaluate a large 
quantity of information and decide what should be changed 
on the race car to improve the tire temperatures4.  

First, an input of lap times, track surface temperature 
and air temperature is needed. This allows the software to see 
if the resulting tire temperatures will be valid representations 
of the car's performance. You also enter wheel temperatures, 
hot and cold air pressure and tire circumferences, number of 
heat cycles, and weight on each tire, which are also evaluated 
by the software's artificial intelligence5.   

The CTPA measuring system (Complex Temperature  
Pressure Analyzer) described in this chapter enables simulta-
neous measuring of the internal temperature and pressure in 
a passenger or sports tires. The development of this system 
was subsequently described in works68.  

This system offers the tire constructors “in situ” and 
“just in time” testing of personal tires in the point of view of 
real heat generation in a tested tire. In the paper are presented 
time –pressure  temperature  car velocity results obtained 
on tires of different producers. 

 
 

Experimental equipment 
 
Electronic and control system of CTPA consists of three 

independent measuring loops of measurement (see Fig. 1). 
First measuring loop represents contact less measurement of 
the external temperature by sixth pyrosensor type Raytek 
THERMALERT MID 02. Three sensors are located near each 
front tire (see Fig. 1a and 1b). Two are close to the tire bor-
ders and second one at its centre. The fundamental character-
istic of sensors is as follows. Temperature range form 40 to 
600 °C, spectral response from8 to 14 m, response time 150 
ms (95 % response), accuracy ±1 % or ±1 °C (±2 °F) which-
ever is greater. 

The internal temperature  pressure sensors serve as tire 
valves. 

Second one is for measuring of internal tire pressure and 
temperature MTPM-200 (TPMS, Magic Control) with radio 
frequency data transport  from four sensors (MTPM-TX4) 
located  inside  each  tire.  Transmitter  frequency  is 
433.92 MHz, 32-bit ID-code, operating voltage 3 V and oper-
ating temperature from 40 to +120 °C. 

Third one is a global position system located on the top 
of the car, which permits the measurement of car velocity and 
gives thus possibility  to create pressure   temperature 
velocity dependences. Block schema of whole CTPA is in the 
Fig. 3.  

A notebook, using an assistant hardware and software, 
does collecting of the measured data from all sensors and 
GPS, which enable it to gain data and graphic outputs of the 
dependence of the external and internal temperatures and 
pressure in dependence on time or on the speed of the car. 
The measuring is fully automated, without an operator’s inter-

ference. The computer is supplied with the energy from the 
car battery through an additional source, which is protected 
against potential over poling of the source during assembling. 
Practical testing of CTPA installed on car shown high repro-
ducibility and precision of obtained data tested also by inde-
pendent contact thermometers. 

 
 

Results and discussion  part A 
 

External temperature was measured on left and right 
wheel. Denomination of sensors valid for all measure cases is 
shown in the Fig. 4. 

First interesting information for tire constructors offers   
Fig. 5. For the sample A we can see the overheating of shoul-
der area (sensors 1-blue and 3-yellow) which signals the im-
perfect tire-road contact. In other words the lateral parts of tire 
are overheated and the central part of the tire has worse tread-
road contact. 

The explanation of such behavior is possible to find in 
following experimental and simulation findings9. 

 It is well known that a breaker angle (or steel wires 
angle of belts, which are placed under a tire tread) influences 
the security of a tire as well as the driving comfort and stiff-
ness of a tire. The driving properties of the tire as a whole 
could be substantially improved by optimizing such angle of 
steel wires of the breaker.  

Increasing of the breaker angle changes the shape of the 
tread deformation from convex to concave. For instance in the 
case of the 20° angle it leads to high overloading of the rolling 
resistance, heat generation and quick damage of the tire be-
cause the tire rolls at the edge of the tread and sidewall9. 

Fig. 3. The block schema of CTPA 

Fig. 4. Denomination of sensors 
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It has been also shown that the higher the breaker angle 
the higher the displacement is in both axial and radial direc-
tions. In other words, the tire “grows” with rising of the 
breaker angle). These results support the highest values of 
elongation and a relatively high value of strength and elastic-
ity which provide also the so called driving comfort. 

In the other words, the tire “grows” with rising of the 
breaker angle. These results support the highest values of 
elongation and a relatively high value of strength and elastic-
ity, which provide also the so called driving comfort9. 

The best solution (concerning the tread-road contact) at 
one from investigated tires was obtained when the breaker 
angle equals 27°, where practically the full profile of the tread 
is in contact with the road. It is nevertheless specific for every 
tire type9. 

After this analysis we can expect caved-in tire profile for 
the case presented in Fig. 5.  
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Resistance to tearing is a key factor for elastomer in 
many applications: (tire tread, dampers, seals, …).  

01dB-Metravib (DMA manufacturer), enlarges its range 
of elastomer testing products by introducing a brand new 
machine: DMA+300. 

This instrument is specifically designed for fatigue and 
crack growth tests analysis on elastomers. 

The principle of the crack growth test consists in initiat-
ing a crack on an elastomer film and following up the growth 
of the crack while applying on the specimen some excitation. 

A new algorithm, controlling simultaneously multiple 
harmonics, applies various waveforms like sine, pulse, trian-
gle and even customized waveforms. It also gives important 
information about non linearity of material. 

DMA+300 includes a  thermal chamber  operating in 
a temperature range covering completely the requirements for 
elastomer, ( 150 °C to 500 °C). 

The test can be carried out by controlling a specific oxy-
gen rate in the chamber. (Oxygen is a key parameter for crack 
growth). 

A dedicated cutting system integrated inside the front 
door of the thermal chamber, initiates a crack, precisely and 
repeatedly. 

In front of the chamber the motorized binocular micro-
scope follow up the crack growth with a unique accuracy. 

Right wheel temperature versus speed - sample A
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Fig. 5. Right wheel time-temperature-speed curves for sample A 


