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ABSTRACT
Thermoplastic elastomers based on isotactic polypropylene (PP) and acrylonitrile-butadiene rubber are prepared . Effects of
compositional variables on blend dynamic properties (tend G) and crystallinity are studied using DMTA and DSC,
respectively.0ependenca of apparent viscosity (pe) and flow behaviour index (n) upon the blend composttion and shear
rate are also investigated .Tenslle characteristics of blends are mcamined .All results show that these two polymers are not
compatible from the molecular point of view.Storage modulus Increased and loss tangent decreased with an increase of
PP content.At all compositions, pseudoplastlc behaviour is observed and blend viscosity does not obey the linear additive
iaw .Tensile strength of blends is also found to be a n0n-additive function of the NBR and PP strength.

INTRODUCTION
Thermoplastic elastomers are materials which
provide ease of processing of thermoplastics and
can be moulded like plastics, yet have the
properties of vulcanized rubbers .Another
advantage is their ease of scrap recycling.
Thermoplastic elastomers based on polyolefines
are among the most important polymeric blends
and have gained considerable attention due to the
ease of both preparation and attainment of desired
propertics .With these advantages, thermoplastic
elastomers have shown a significant increase in
industrial usage including development of oil
resistant products .They arc mainly prepared by
melt mechanical mixing under high shear rate,
therefore, melt flow behaviour of such blends
should be studied for optimization of the
processing and moulding conditions .The
dependence of melt viscosity on variables such as
shear rate, temperature, and blend composition
must also be examined.

Investigation on the rheological behaviour of
some thermoplastic elastomers mainly those based
on polypropylene and polyethylene has been

reported [1-8].
Moreover, most polymer mixtures are

microheterogeneous as their components are not

compatible [9-11] and therefore are expected to
show the behaviour of multiphase systems such as
phase inversion and segregation [12-14] .The
properties, processability and performance of these
blends depend on the blend morphology (size and
shapes of the components phases), composition,
and chemical affinity of the blend components.

However, morphology is resultant of
component viscosity ratio (size) and elasticity ratio
(shape) of the phases [15,16], which are dependent
upon composition and melt mixing conditions [17].

Oil resistant thermoplastic elastomers have
gained significant importance in the polymer
industry.In the present work, blends based on
acrylonitrilc butadiene rubber (NBR) and isotactic
polypropylene have been prepared .Effects of
composition and shear rate on blend melt viscosity,
dynamic behaviour, crystallinity and tensile
characteristics have been studied.

EXPERIMENTAL
Materials
The NBR rubber used in this work was of the
Perbunan (N-3307) supplied by Bayer Company,
Germany.The characteristics of NBR and PP used
are given in Tables 1 and 2.
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Table 1:NBR characterlsttcs

Mooney viscosity

ML 1+4 (LOOT)

ACN content

Type

Table 2:PP characteristics

MFl

T,n

% Crystallinity

Blend Preparation
The ratio of PPINBR was varied from 0 .0/100 to
50/50 weight percent .The blends were prepared
using a single screw Brabender Plasticorder and
laboratorysize Farrel Bridge Banbury mixer.Strips
of NBR and PP were fed into the extruder
simultaneously.The extrusion temperature and
pressure were held at 180°C and 1 .79 x 105 Pa (26
psi), respectively.The extruder has UD ratio of 28
and a rotor speed of 60 rpm was chosen at this
stage.The product was extruded through a circular
die of 4 mm diameter.In the second stage of mixing
the extruded blend was cut into pieces and fed into
Banbury mixer.The rotor speed was 20 rpm while
feeding and then it was increased to 80 rpm ; and
the final product was discharged from the Banbury
at 165°C (15 min) .The hot mix was immediately
sheeted out through a laboratory two rolled mill
with a temperature of 60°C and then cut into 70
mm thick strips .In stage three of blend
preparation, the strips obtained from stage two
were fed again into the Brabender with the
previous mixing condition .The blend left the
extruder in the form of 0.4 mm thick fiat strips.Five
series of blends were prepared starting with 90/10
NBR/PP and increasing PP percent to 50.

Preparation of Samples and Tests Procedures
The crystallization, and rheological

characterization were carried out directly on the
0 .4 mm extrudates obtained from stage three of
blend preparation .In order to prepare test sheets
suitable for DMTA and tensile tests, the 0.4-0 .5
mm thick extrudates were compression moulded
using a mould with a 150 x 15 x 3 mm cavity.The
material was allowed for 5 minutes to reach the
mould temperature (180°C) without applying any
pressure .A pressure of 1 .70 x 107 Pa (170 bar) was
then applied to the whole mould for 5 minutes.
Afterthis period the mould was removed and put

in a 25°C water bath.
The dynamic mechanical properties (tand,

G)ofblends were measured using DMTA made by
Polymer Laboratory Co. Circular samples (1cm
gi)of 3-4 mm thickness were used for this purpose,
and shearing mode of deformatidn was used for all
samples.The amplitude and frequency of testing
were 40 and 1 HZ, respectively, and the heating
rate was 5 .0°C per minute.To measure the tensile

properties of the samples, dumbell-shaped test
pieces were cut from the 3 mm thick sheets and
subjected to tensile tests, D 412 for blends and D
638 for PP in a Zwick tensile machine Model 425
and samples were stretched at 50 mm/min rate.The
percent crystallinity of blends was determined by
comparing the heat of fusion of each blend with
that of the control PP samples using the following
equation:

Percent crystallinity =

	

`` x 100
Hi

H `r = Heat of fusion of blend
H 1 = Heat of fusion of the standard sample

Heat of fusion was measured using a Metier-
73000 differential scanning calorimetry (DSC).

Melt rheology of the prepared blends was
studied using Instron capillary viscometer Model
3211 with long die (LID=40) .The extrudates
obtained from the stage three of mixing were cut
into pieces and then fed into the cylinder of the
capillary .After loading, the blend pellets were
compressed inside the barrel and warmed for 5
minutes at 180°C before being extruded through
the die .The ram could move at different speeds.
Apparent viscosity was obtained as the ratio of
shear stress at the capillary wall (r,.,) to the
corresponding shear rate (q,°).The flow behaviour
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index (n) was calculated from the ratio of (din
ew)to the (din yw).

RESULTS AND DISCUSSION
The variations of storage modulus and loss tangent
with temperature for different NBRIPP
compositions are shown in Figures i-3 .Also, the
effects of increasing polypropylene content upon

the glass transition temperature of the NBR phase
in the blend are summarized in Table 3 .The
storage modulus decreases with increasing NBR
percent in blend and the rate of the drop in the
rubber transition region is higher for blends with
higher NBR content .At temperatures below the
NBR glass transition temperature of the rubber, all
blends showed similar behaviour.Figure 3 shows
the variation of loss tangent (tand) with
temperature for different blend compositions.The

damping behaviour and tanan,r decrease with

increasing PP content .This is due to the increase in

blend crystallinity shown in Table 4, and therefore
decrease in damping behaviour of the blends.

However, a drop in damping was found not

to have a direct relation with PP% .This could be
explained to be due to the trapping of some
eiastomer's segments in the crystalline phase of

PP.It seems from Figure 3 and Table 3 that Tg of
rubber phase is decreasing with increasing in PP
content.Akhtar and co-workers 117] have also
reported the same results for NOPE blends .They
have considered this shift in Tg to be insignificant

and have concluded that the two components (NR,
PP) arc incompatible .Alken Seenko [18] has also
shown the incompatibility of NR-PP
blcnds.Howcver, when we measured the Tg of

50:50 NBR/PP blend repeatedly at constant
conditions, the values obtained varied with 3 to 4
degree differences.

Therefore, we came to the conclusion that
the shift in Tg towards lower temperature with
increase in PP content cannot be due to the
plasticization of NBR by PP but attributed to the
incompatibility of these two polymers .This

incompatibility has also been confirmed by other
results obtained from different experiments carried
out in this work .I-lowever, the values of shear
modulus obtained for different NBRIPP blends
were found to be higher than that predicted by
mixture law, indicating that the modulus of blends
does not obey linear additivily.Also, as can he seen
from Figure 3, the drop in damping with increase
in PP was higher than expected.From these mulls
it was concluded that parts of NBR segments might

become trapped in the crystalline lattices of the PP
phase leading to higher shear modulus and lower
damping than expected for each blend.

Crystallinity
Effects, of increasing NBR content on the blend
crystallinity and peak temperature (Tn ) are shown

in Table 4 and Figure 4.lt can be seen that the
total crystallinity of the blend decreases with

•re .lpR .lnrl (ireC)

InNBR + 1oPP O 2OPPA30PPX4OPPOSOPP

i 40

Figure 1.-2:Variation of storage modulus (C) with temperature for blends of different NBRIPP ratios
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Table 3.DMTA results

Sample Tan d A x TgCC) Mode of testing

NBR 8 .765 -12 Shear

NBR

	

90 9 .199 -14
PP

	

10

NSR

	

80 4 .797 -15
PP

	

20

NBR

	

70 3.683 .16
PP

	

30

NBR

	

60
1.979 -16.5

PP

	

40

NBR

	

50
. 1 .867 -16.5

PP

	

50

Figure 3Narlation of fisc with temperature for blends
of different NBRIPP ratio.

increasing NBR content . However, considering the
amount of PP in each blend it is obvious that the
percent crystallinity is higher than expected .This is

in accordance with the higher storage modulus of
blend than predicted by additive law.These results
led to the conclusion that either the presence of
the flexible NBR segments enhances the ability of
the PP segments to be ordered in the crystal cells
or parts of NBR segments might be involved in the
PPcrystalline lattices .The same results have been
reported by Ha and coworkers [19] for EPDMIPP
blends.However, the variation of the PP peak
temperature is insignificant when 50% to 90%
NBR is added, which indicates the incompatibility
of these two polymers.

Table 4:DSC results

Sample All
(JIG)

Peak Temp.
CC)

Crystallinity

NBR

	

90 19305 157.7 10.2
PP

	

10

NBR

	

80
X

26,891 161 .6 14.2
PP

	

20

NBR

	

70 37.061 151.6 19.5
PP

	

30

NBR

	

60: 40.535 162.6 21.3
PP

	

40

NBR , 50 44,632 162.6 '23.3
PP

	

50

PP 79394 164 .6 41 .8

Rheoloaiwl Behaviour
Figure 5 shows the plot of lad versus lny for blends
with different compositions .The viscosity of all
blends decreases with increasing shear rate which
indicates pseudoplasticcharacteristicswith power
law flow behaviour-Another feature which can be
seen from this figure is the lower values for the
viscosity of NBRIPP blends with more than 30%
PP content than predicted by the linear additivity
law and even lower than the viscosity of
polypropylene-This can be attributed to the phase
inversion and formation of two phase morphology
such that PP with lower viscosity than NBR forms
the continuous phase .Effects of PP content and
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Figure 4:Crystallinity vs PP wt% for NBRIPP blends

shear rate on blend viscosity have also'been•thdwn
in Figures 6 and 7 .Thc blend viscosity decreased up
to 50% PP content and then tends to increase
slowly towards the PP viscosity .Note also the sharp
drop in blend viscosity upon the addition of 10%
PP to 90% NBR .Similar behaviour has been
observed by Chang and co-workers [20] for similar
systems.

n-fir	
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Lin Shear Rate (ljsec)

a NBR + IOPP x 20PP v 30PP o 40PP . 50PP
1 • PP

Figure 5 :Ln shear stress vs In shear rate for NBR/PP

blends with different composition

This shows the predominant role of PP in the
formation of blend microstructure which can be

due to the much lower viscosity of PP compared
with that of NBR.Another feature which can be
seen from Figure 7 is that at high shear rates the
blend viscosity is less affected with the increase in
PP weight percent as the difference between PP
and NBR viscosity decreases and the two
components tend to form the Continuous phase.
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T=120,000 Pa
5000

4000

30O0-

p000

aim.

O 0 10 20 30 40 50 60 70 80 90100

Wt% of Polypropylene

Figure 6:Viscosity vs blend ratio for NBR/PP systems

Mechanical Properties of Blends
The stress-strain curves for PP and blends with
different compositions are shown in Figures 8 and

Figure 7:ERbcts of shear rate on NBRIPP blends with
different composition

9, and results are summarized in Table 5 .The
mechanical characterization of blends appears to
be dependent upon the compcsition.Both tensile
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strength and modulus increased with increasing
percent of PP in the blend.However, the amount
of increase in tensile strength for each blend was
lower than predicted by the mixture law .The high
strength of PP is mainly attributed to the
occurrence of strain hardening [21] while it is
stretched .Figure 8 shows that strain hardening has
been retarded by NBR segments in the blends rich
in NBR .This is in agreement with the higher values
for crystallinity and storage modulus than expected
for each blend on the basis of the PP content
which we concluded to be due to the involvement
of NBR segments in the PP crystalline cells .The
presence of NBR segments in the PP cells might
decrease the ability of PP segments for being
ordered in the direction of stress while the blend is
being stretched, therefore, lowering the degree of
stress hardening.

Figure S :Stress-strain curves of NBR/PP blends with
digest compositions

CONCLUSION
Results obtained from different characterizations
of NBR/PP blends showed that these two polymers
are not compatible from the molecular point of
view and tend to form two phase morphology .The
damping behaviour of the rubber phase decreased
upon increasing PP weight percent and for all
compositions blend modulus was higher than
expected from the mixture law .Pseudoplastic
behaviour was observed at all compositions and the

Figure 9:Stress-strain curve of polypropylene

blend viscosity did not obey the linear additive
law.Tensile strength increased and yielding
decreased with raising the PP content in NBRIPP
blends.

Table 5:Mechanical properties

Sample
Tensile Elongation at Yield stress
istrength

l►

	

) ~] (MPa)

NBR 0.eoo 275 -

NBR

	

90
0.171 284 -

PP

	

10

NBR

	

00 1 .05
PP

	

20

NBR

	

71 1.25 -
PP

	

30
NBR

	

60
3.56

PP

	

40

NBR

	

SO
4.22 - -

PP

	

50

PP 21 649 17
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