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ABSTRACT

Thermoplastic elastomeric materials have become important because they
have many properties of vulcanized rubbers and can be rapidly fabricated as
thermoplastics . In this work, selected grade of polypropylene (PP) was
modified with dimethylol-phenolic resin and then it was melt-mixed with
acrylonitrile-butadiene rubber (NBR) for several weight ratios . After sufficient
mixing time additional phenolic resin was added to mixing chamber and the
blends were dynamically vulcanized. In order to study the effects of the
compositions and dynamic vulcanization on the physlsa[ and mechanical
properties, simple blends of unmodified polypropylene and NBR were also
prepared . The results show that dynamically vulcanized blends have higher
tensile strength, elongation at break, solvent and oil resistance.

Key Words : blends, nitrile rubber, polypropylene, dynamic vulcanization, mechanical properties

INTRODUCTION

Thermoplastic elastomers (TPEs) are a new class of
thermbplastic materials which their properties can be
more easily tailored than the block copolymers by
simply changing the ratio of the rubber to plastic in
the blend. These materials are normally phase-
separated systems in which one phase is rubbery at
room temperature while the other is hard and solid.
They possess the elasticity of a rubber and the
thermoplasticity of a plastic, yet retain unique
features of its components such as better ultraviolet
and ozone resistance, solvent resistance and high
deformation temperature compared to elastomers [I] .

Furthermore, they can be processed by extrusion,
injection moulding or blow moulding processes to
provide commercially attractive products that show
the softness, extensibility and resilience of thermoset
rubbers . The most important feature of this class of
materials is that the scrap can be recycled up to
several times without significant loss of properties
[2] . As a result, many commercial TPEs have been
developed for various applications in the automotive,
electrical and medical industries [3].

The field of TPEs has grown up along two
distinctly different product types . The first type
consists of a simple blend of the components and in
the second type, the rubber phase is dynamically
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vulcanized which gives rise to a thermoplastic
vulcanizate (4] . Dynamic vulcanization is the process
of cross-linking the elastomeric phase during melt-
mixing of a rigid thermoplastic with a soft elastomer.
It provides a number of performance advantages over
their non-vulcanized counterpart [5] . Based on ,the
original work performed by Coran, Das and Patel on
dynamic vulcanization and discovering of preferred
cure system by Abdou-sabet and Fath, the thermo-
plastic elastomer alloys were successfully commer-
cialized in 1981 [3, 5, 6].

Generally, it is easy to combine a rubber and
plastic of similar polarities and solubility parameters
to produce a useful thermoplastic elastomer, such as
polypropylene (PP)/ethylene-propylene-diene copoly-
mer (EPDM), epoxidized natural rubber and poly-
(vinyl chloride) (PVC), poly(vinyl chloride) (PVC)/
acrylonitrile-butadiene rubber (NBR) and nylon/NBR.
However, it is difficult to produce a TPE using a
plastic and an elastomer having different polarities
and solubility parameters . This is due to the existence
of a high interfacial tension between the two poly-
mers . This problem can be resolved by the use of a
compatibilizer to improve the interfacial adhesion
between the two phases [1].

In this paper, we report on the improvement of
interfacial bonding between polypropylene (PP) and
acrylonitrile-butadiene rubber (NBR) with phenolic
resin, dynamic vulcanization method and the physical
and mechanical properties of the dynamic vulcanized
blends in comparison with the simple blends of differ-
ent weight ratios such as tensile strength, the elonga-
tion at break, solvent and oil resistance.

EXPERIMENTAL

Materials
The commercial polypropylene of IRAPOL 11 H 30 S
(density 0 .906 g/cm3 , melt flow index, MFI, 16 g/10
min) was obtained from Arak Petrochemical Co. Ltd,
Iran and commercial NBR of Europrene N3345 from
Enichem Company Inc, Italy . The specifications of
NBR are recorded in Table 1.

Also, the commercial dimethylol-phenolic resin

Table 1 . NBR Specifications.

Property Value Test method

Density (glcm3) 0 .99 ASTM D297
ACN content (%) 34±2 ASTM D3533

Mooney viscosity (ML (1+4)
100 °C] 46 ASTM D1646

Ash (%) 0 .5 ASTM D1416
Volatile matter (%) 0 .5 ASTM D1416

(SP-1045) and extra pure stannous chloride dihydrate
(SnCl 2 . 2H20) were supplied from Schenectady
Europe, England and Merck, Germany, respectively.
For ozone resistance and thermal stability, 1 .5%
Vulkanox HS/LG (TMQ) from Bayer Co . Ltd ., and
1 .5% Irganox 1067 from Ciba-Geigy were added to
the blends based on the rubber and plastic weights
taken, respectively.

Modified Polypropylene
Polypropylene was modified with phenolic resin in
Haake Torque Rheometer Mixer (Rheomix 3000)
equipped with a pair of Banbury type blades. The
melt temperature and rotor speed were set up at 185
°C and 80 rpm, respectively . After 3 min, when the
polypropylene was completely melted and the torque
was leveled off, 2 phr of the dimethylol phenolic resin
(SP-1045) was added to the mixture . The mixing
process was continued for 2 min and then 0 .4 phr of
the stannous chloride activator was introduced to the
system . After 3 min mixing, 0 .07 phr magnesium
oxide was added to neutralize any free acid, and
mixing was proceeded to additional minute . At the
end of the each mixing cycle, the mixture was
removed from the mixer and while still molten,
pressed between the two steel plates to form a sheet.
It was then reduced to small pieces by the use of a
grinder for using in further compositions.

Blends Preparation
All the blends were prepared by using a Haake torque
rheometer (system 90) instrument at the conditions
mentioned for the modification of polypropylene . For
producing simple blends, polypropylene was first
melted in the mixer for 3 min, then NBR was added
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Table 2. Specifications of ASTM # 1 oil used to study the
swelling resistance of TPEs.

Viscosity (cst 100 °C) ASTM 0445 4 .5
Density (Wm) ASTM D1298 899
Aniline point (°C) ASTM D611 82
VGC• ASTM D2501 0 .84

• Vecosity gravity constant.

and mixing was continued for additional 3 min . For
the preparation of the vulcanized blends, NBR was
added to the modified polypropylene melt and mixing
was continued for 3 min, then the phenolic resin was
introduced to the mixing chamber and after two more
minutes stannous chloride was added and mixing was
continued for 3 additional minutes.

After the preparation of the blend, the batch
was removed from the mixer and cooled by cold
pressing between two steel plates to a thickness of
about 5 mm . It is then reduced to small pieces by the
use of a grinder for using in injection moulding
process to produce tensile and impact tests samples.

Testing

Tensile properties were determined with test speci-
mens described by ASTM D638, Type M-I . The
specimens were pulled in a tensile tester at a cross-
head speed of 5 mm/min until failure occur . For the
measurements of oil resistance properties according
to ASTM D471, the prepared compositions cut into
small pieces then were weighed and immersed in a jar
containing ASTM # 1 oil having the specifications as
in Table 2 . The jar containing the test specimens were
heated to 70 °C for 70 h in an air circulated oven set

at 70#1 °C . The jars were then removed from the oven
and allowed to cool for an hour. The test specimens
were removed from the oil, washed with normal
heptane then wiped with tissue paper to remove
excess oil from the surface and weighed . The percent
increase in original weight was then calculated . For
solvent resistance, the prepared compositions cut into
small pieces then were weighed and immersed in
methyl ethyl ketone for 7 days in the test tubes . Then
the specimens were removed from the test tubes,
washed with . excess of methyl ethyl ketone and then
allowed to dry in an air circulated oven at 60 °C for
one day . After measuring the final weight, the percent
decrease in original weight was calculated.

All the tensile tests reported here were carried
out, using an Instron Universal Machine, Model 6025.

RESULTS AND DISCUSSION

The compositions studied in this work are shown in
Table 3 . As it can be seen, compositions 1 to 4 are
related to simple blends and 5 to 8 represent dynamic
vulcanized blends.

Due to the large surface energy difference
between polypropylene and NBR, obtaining good
mechanical properties for their compositions are diffi-
cult .

It is now generally accepted that a block
copolymer can compatibilize mixtures of the parent
homopolymers . The block copolymers act as macro-
molecular surfactants to promote and stabilize the
emulsion of the homopolymers. It was found that a
dimethylol phenolic compound can be used to

Table 3. Simple and dynamic vulcanized blends formulations.

Composition 1 2 3 4 5 6 7 8
PP 80 60 50 40 - - _ _
Modified PP - - - - 80 60 50 40
NBR 20 40 50 60 20 40 50 60
Vulkanox HS/LG 0 .3 0.6 0.75 0.9 0.3 0 .6 0.75 0 .9
Irganox 1067 1 .2 0.9 0.75 0.6 1 .2 0 .9 0.75 0 .6
SP-1045 - - - - 2 4 5 6
SnCl 2 . 2H20 - - - - 0.2 0 .4 0.5 0 .6
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compatibilize a mixture of polyolefin and NBR, quite
possibly by the formation in situ of a graft copolymer.
The mechanism of the improvement could be the
formation of a compatibilizing amount of a polypro-
pyleneiNBR graft copolymer . Such a scheme could be
visualized as in Scheme I [71:

The scheme requires the presence of olefinic
unsaturation in the polypropylene molecules . Indeed,
to satisfy demands to strict polymerization stoichio-
metry, there is on the average one double pond per
polypropylene molecule.

Figure 1 shows the variation of torque with
time for dynamically vulcanized PP/NBR blends of
different weight ratios. It can be seen that after simple
mixing of modified PP and NBR, the addition of the
phenolic resin increased the torque value.

In all cases the torque values were also increas-
ed with the increase of rubber phase content.

Figure 2 shows the variation of the tensile
strength as a function of NBR content for the various
blends. It is observed that the modification of PP and

dynamic vulcanization process were effective and the
tensile strength for dynamic vulcanized blends is
much higher than the simple blends. Also, it can be
seen that the slope of the tensile strength reduction
curve as a function of NBR content for the vulcanized
blends is less than the simple blends, thus, their
tensile strength is less sensitive to the rubber content.

Variation of the elongation at break as a
function of NBR content for the simple and dynamic
vulcanized blends is depicted in Figure 3 . It can be
seen that the elongation at break of the dynamic
vulcanized blends in comparison with the simple
blends improves significantly . In addition, this figure
shows that increasing the rubber content has a bene-
ficial effect on the elongation at break values of the
dynamic vulcanized blends.

Figure 4 shows the effect of dynamic vulcan-
ization on solvent resistance of the blends studied
here as a function of NBR content in comparison with
the simple blends . It can be seen that the major part of
the rubber was removed from the simple blends, thus,
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Figure 1 . Variation of torque with lime during dynamic vulcanization of PP/NBR blends with different weight ratios.
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Figure 3 . Variation of elongation at break as a function of
content for dynamically vulcanized and simple lends.
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Figure 4. Variation of NBR weight loss versus NBR content
for the investigated blends.

solvent resistance properties in methyl ethyl ketone
are very excellent. Furthermore, the low slope of the
NBR weight loss variation curve versus the rubber
content shows that the solvent resistance property of
the vulcanized blends is relatively independent of the
NBR content.

The effect of dynamic vulcanization on para-
ffinic oil swelling of the blends versus NBR content
in comparison with the simple blends is shown in
Figure 5 . Although NBR is resistant to paraffinic oils,
vulcanization of PP/NBR blends improves oil swell-
ing and it can be seen that with increasing the rubber
content, the difference between oil swelling of the
simple and the vulcanized blends is more prominent.

8

Figure 5. Variation of paraffinic oil swelling versus NBR

content for the investigated blends.

CONCLUSION

Although polypropylene and NBR are normally in-
compatible with each other, the presence of a
compatiblizing polypropylene-NBR graft copolymer
which was formed in situ during melt-mixing, impro-
ved compatibility between the two polymers . It seems
the polypropylene-NBR graft copolymer might act by
reducing interfacial tension at the PP-NBR interface
in molten state and also by increasing the interfacial
adhesion in the solidified state.

Dynamic vulcanization of the cbmpatibilized
PP-NBR blend produced a thermoplastic elastomer
with higher tensile strength, elongation at break,
solvent and oil resistance in comparison with the
simple blends of different weight ratios.
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