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Sulphur system 5 20.84 15.84 1.38 3.31 51.81
Peroxide system 5 13.1 8.1 3.29 21.22 5.58
Mixed system 4.8 20.1 153 3.35 8.15 20.83
Phenolic system 5.6 11.1 55 9.27 38.56 341
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Vulcanization Propertie
Systems M, M, M,- M, ts, tCy, CRI
(dN.m) | (dN.m) | @Nm) | (pip) (min) (min’)
Sulphur system 3.96 41.65 37.69 1.41 4.24 35.34
Peroxide system 4 22.5 18.5 2.5 21.35 5.31
Mixed system 3.5 36.3 32.8 2.5 10.45 12.58
Phenolic system 39 23.4 19.5 2.3 22.27 5.01
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Thermoplastic Elastomer based on ENR/NBR/PP Ternary Blends

C. Nakason*, A.Kaesaman, and K. Polthong
Department of Rubber Technology & Polymer Science, Faculty of Science & Technology, Prince of Songkla
University, Pattani Campus, 94000 THAILAND, ncharoen@bunga.pn.psu.ac.th

Abstract - - Epoxidized natural rubber was prepared in-house by in-situ performic epoxidation method. The ENRs were
later blended with NBR and PP via dynamic vulcanization technique at various blend ratios of NBR/ENR/PP =
50/10/40, 40/20/40, 30/30/40, 20/40/40 and 10/50/40, respectively. Two types of blend compatibilizers were studied:
phenolic modified polypropylene (Ph-PP) and maleic modified (PP-g-MA). The vulcanizates were later called as
thermoplastic vulcanizates (TPVs). We found slight increased of the ultimate tensile strength with increasing amount of
the ENRs. Furthermore, increasing ENR contents also caused the increasing trend of the ultimate elongation. However,
slight decreasing trend of the tension set was observed upon increasing levels of the ENRs. This indicates increasing
trend of elastomeric properties of the TPVs. Rheological properties of the TPVs were also characterized using a
capillary rheometer. We observed an increasing trend of apparent shear stress and viscosity at a given shear rate. This
indicates flow resistance with an increasing levels of epoxidized natural rubber.

Introduction

Thermoplastic elastomers (TPEs) are a rubbery
material with properties and functional performance
similar to those of conventional vulcanized rubber.
Furthermore, they can be processed in a molten state as
a thermoplastic polymer. The field of TPEs based on
polyolefin  rubber/thermoplastic compositions has
grown along two distinctly different classes. One class
consists of a simple blend and classically meets the
definition of a thermoplastic elastomeric olefin (TPO).
In the other class, the rubber phase is dynamically
vulcanized giving rise to a thermoplastic vulcanizate
(TPV) or dynamic vulcanizate (DV). The TPVs are
characterized by finely dispersed micron-sized
crosslinked rubber particles distributed in a
thermoplastic matrix.' Interest in natural rubber (NR)
and thermoplastic blends has also increased recently.
These materials are known as thermoplastic natural
rubbers (TPNRs). Thermoplastics blended with NR
include PP,”*> LDPE,* HDPE,” LLDPE.® PS,” Nylon-
6, PMMA® and EVA.""  Epoxidized natural rubber
(ENR) is one of the modified forms currently used to
prepare TPNRs. In this work, an attempt was made to
prepare TPNR based on ternary blends of
NBR/ENR/PP by dynamic vulcanization. Mechanical,
thermal, morphological properties and swelling
behavior of the TPVs were later investigated.

Experimental
Ternary blend of NBR/ENR/PP were prepared using
various blend ratios of NBR/ENR/PP = 50/10/40,

40/20/40, 30/30/40, 20/40/40 and 10/50/40. The
mixing was performed using an internal mixer
(Brabender Plasticorder) at 180 °C and a rotor speed of
60 rpm. Prior to the melt mixing, the rubbers (i.e., ENR
and NBR) were compound with various chemicals
using a two-roll mill. Two types of blend
compatibilizers were used in the blends: phenolic
modified polypropylene (Ph-PP) and maleic modified
(PP-g-MA). Various properties (i.e., mechanical,
rheological and morphological properties) of the blend
products (i.e., TPV) were then characterized.

Results and Discussion

Figure 1 shows tensile strength of the TPVs using
various blend ratios of NBR/ENR/PP. It can be seen
that the levels of tensile strength of the TPVs with
ENR at 0-40% wt. were similar. However, increasing
of the tensile strength was observed for the blend with
ENR > 50 % wt. However, increasing levels of ENR
caused an increasing trend of ultimate elongation, as
shown in Figure 2. This is attributed to increasing
elastomeric properties of the blend upon increasing the
ENR. The eclastomeric properties, that is a capable of
recover from the permanent set of TPVs was
illustrated in terms of tension set in Figure 3. It can be
seen that increasing ENR contents caused the lower
level of tension set. That is, the TPVs exhibited better
elastomeric properties.
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Figure 1 Tensile strength of NBR/ENR/PP blends.

Rheological properties in terms of  relationship
between shear viscosity and shear rate was obtained
from a Rosand capillary rheometer is shown in Figure
4. It is seen that the shear viscosity decreased with an
increase in shear rate. At a given shear rate, we found
that the shear viscosity increased with an increasing
levels of ENR wused in the blends. This might be
attributed to higher crosslinked structures formed on
increasing levels of ENR because of its unsaturation.
More difficult to flow of the polymer melts was a

consequence.
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Figure 2 Elongation at break of NBR/ENR/PP
blends using various blend ratios.
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Figure 3 Tension set of NBR/ENR/PP blends.
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Figure 4 Relationship between shear viscosity and
levels of ENR in the blends at constant shear rates.
The TPVs samples were later took to perform a
cryogenic crack. The plastic phase was then removed
by extracting with xylene. SEM micrographs of various
types of TPVs were shown in Figure 5.

’ \.‘. _."i.-\.n o -
(¢) NBR/ENR/PP = 10/50/40) (f) NBR/ENR/PP = 60/0/40
Figure 5 SEM micrographs of TPVs based on
various blend ratios of NBR/ENR/PP

From Figure 5, we observed the particles sizes of
dispersed vulcanized rubber phase dispersed in the PP
matrix decreased with an increasing contents of the
ENR. This corresponds to the trend of mechanical
properties (i.e., tensile strength and elongation at
break) and rheological properties of the TPVs.

Conclusion

The TPVs based on NRR/ENR/PP blends were
successfully prepared via dynamic vulcanization
techniques. We found that the tensile strength and
elongation at break of the TPVs increased with the
increase of ENR contents in the blends. Good
permanent set properties was also observed. The shear
viscosity at a given shear rate of the TPVs also
increased with the levels of the ENR used in the
blends. This is because higher tendency of rubber to
crosslink between the molecules. The SEM
micrographs show decreasing trend of rubber particles
dispersed in the PP matrix upon increasing the ENR
contents. This corresponds to the incresing trends of
mechanical and rheological properties of the TPVs.
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