Influence of different components in a TPV PP/EPDM based with low hardness
J. Gheller and M. M. Jacobi
Citation: AIP Conference Proceedings 1593, 526 (2014); doi: 10.1063/1.4873836
View online: http://dx.doi.org/10.1063/1.4873836
View Table of Contents: http://scitation.aip.org/content/aip/proceeding/aipcp/1593?ver=pdfcov
Published by the AIP Publishing
Articles you may be interested in
PP/EPDM-blends by dynamic vulcanization: Influence of increasing peroxide concentration on mechanical,
morphological and rheological characteristics
AIP Conf. Proc. 1593, 516 (2014); 10.1063/1.4873834
Phase Inversion of EPDM/PP Blends: Effect of Viscosity Ratio
AIP Conf. Proc. 1375, 240 (2011); 10.1063/1.3604484
Rheology/Morphology Relationship of Immiscible EPDM/PP Based Thermoplastic Elastomer Blends
AIP Conf. Proc. 1027, 528 (2008); 10.1063/1.2964753
Qualification Testing of TPV Systems and Components: First Steps
AIP Conf. Proc. 890, 251 (2007); 10.1063/1.2711742
The influence of bandgap on TPV converter efficiency
AIP Conf. Proc. 358, 446 (1996); 10.1063/1.49705

This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:
189.86.142.2 On: Tue, 26 May 2015 14:48:12

Influence of Different Components in a
TPV PP/EPDM Based with Low Hardness
J. Gheller1,2, M.M. Jacobi1
1

PGCIMAT -Instituto de Química, Universidade Federal do Rio Grande do Sul, Brazil - marly.jacobi@gmail.com
2
Innovation SENAI Institute in Polymer Engineering - CETEPO, Brazil - jgjpoa@yahoo.com.br

Abstract
Thermoplastic vulcanizates (TPVs) are a class of polymeric material obtained by dynamic vulcanization of an elastomer in a
melted thermoplastic matrix. This work intend to evaluate different variables in the production of low hardness TPVs made of
polypropylene (PP) and ethylene propylene rubber (EPDM), as well the optimization of the variables looking for TPVs with
improved performance. In the Study I the influence of PP crystallinity were evaluated, in the Study II the effects of different
amounts of dicumyl peroxide (DCP) were evaluated and in the Study III the amount of the phenolic resin were evaluated. This
extended abstract presents, in a more detailed way, the results considering the curative phenolic resin content (Study III). The
others results and discussions are briefly described in the results and discussions section. The compounds were obtained in a
closed mixing chamber and their processability properties, swelling, hardness and tensile strength were evaluated. With the
results obtained were possible to evaluate the influence of different ingredients in the TPVs properties. The results were
discussed and presented looking for a better understanding of the influence of this variable in the final product, as well the
correlation between then.
Keywords: TPV, phenolic resin, dynamic vulcanization

INTRODUCTION
Thermoplastic vulcanizates (TPVs), are a special class
of thermoplastic elastomers (TPEs) where the rubber
phase is dynamic vulcanized in the presence of a
melted plastic phase. The cure procedure produces a
significant increment in the properties like temperature
resistance, swelling resistance in organic fluids, better
compression set and fatigue resistance, lower stress
relaxation of the TPV when compared with an
equivalent not cured blend, a thermoplastic polyolefin
(TPOs) [1].
In a TPV the cured rubber phase is dispersed in the
thermoplastic phase as small domains. The TPV
morphology is defined during the dynamic
vulcanization and it influences significantly in the final
properties of the material. The key is a higher crosslink
density of the rubber phase and the small size of the
rubber domains [2].
The TPVs production in twin screw extrudes is a very
known and studied process (and also a kind of art). In
the other way, the TPV production in a discontinue
process, like closed mixing chambers, until now is not
so much studied.
Different cure systems were already described for
polypropylene/ethylene norbornene diene (PP/EPDM)
TPV`s: peroxides, peroxides with coagents, phenolic
resins, hidrosilanes catalyzed by platine and vinyltrialcoxi-silanes [3,4]. Each system exhibit theirs own
advantage and disadvantages.
TPVs cured with peroxide, usually shows lower
properties with the ones cured with phenolic resin.
According to Naskar and Noordermeer [4,5] the TPVs
PP/EPDM peroxide cure with the coagent

triallylcyanurate (TAC) result in optimized final
properties, mainly in the tensile strength.
In the other way, the phenolic resins as curing agents
for TPV`s has been growing in importance considering
the good properties in the final product, as the
temperature resistance of these materials [6-8].
In this work 03 studies were performed. In the Study I
the influence of PP crystallinity were evaluated, in the
Study II and III the nature and the amount of the curing
agents were evaluated. This extended abstract presents,
in a more detailed way, the influence of the content of
the phenolic resin like curative was analyzed (Study
III). The others results are briefly described in the
results and discussions section.

EXPERIMENTAL
Experiments were performed with different TPV`s
compositions, according to the formulas described in
Tab. 1, 2 and 3. The amounts of each ingredient were
defined in function of the total polymer content and
expressed as per hundred of polymer (php). In all
mixtures the oil content was fixed in 40php.
The 03 PPs used were produced by Braskem S.A with
the following properties: homopolymer PP H103
(PPH1), copolymers PCD0810 (PPC1) and CP241
(PPC2), with a crystallinity degree of 63%, 43% and
37%, respectively.
The elastomer used was an EPDM 4703Z produced by
Lanxess Elastomer Brazil, with an ethylene content of
48% and the phenolic resin SP1045 was produced by
Schnectady S.A.
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Ingredientes
PPH1
PPC 11
PPC 21
EPDM 1
Antioxidant2
Parafinic oil
Dicumil peroxide
Coagent TAC

PPH 40/
EPDM1 60

PPC1 40/
EPDM1 60

PPC2 40/
EPDM1 60

40,0
60,0
3,0
40,0
4,0
2,0

40,0
60,0
3,0
40,0
4,0
2,0

40,0
60,0
3,0
40,0
4,0
2,0

Total
149,0
149,0
149,0
(1) Melt flow index (230ºC/2,16kg): PPH = 40g/10min; PPC1 = 12g/10min e
PPC2 = 20g/10min
(2) Irganox 1076 and Irgafos 168 (1:1)

TABLE 2. TPVs compositions with different DCP content
(Study II)
Ingredients
PPH
EPDM 1
Paraffinic oil
Dicumil
peroxide1
Coagent TAC
Total

PPH/
EPDM1
(blend)
40,0
60,0
60,0
-

PPH/
EPDM1
PER 1
40,0
60,0
60,0
1,0

PPH/
EPDM1
/PER 2
40,0
60,0
60,0
2,0

PPH/
EPDM1
/PER 4
40,0
60,0
60,0
4,0

PPH/
EPDM1
/PER 6
40,0
60,0
60,0
6,0

2,0
162,0

2,0
163,0

2,0
164,0

2,0
166,0

2,0
168,0

(1) Considering only the EPDM content, the resin content is 0; 1,7;
3,0; 6,7 e 10,0php, respectively

TABLE 3. TPVs compositions with different phenolic resin
content (Study III)
Ingredients
PPH
EPDM 1
Paraffinic oil
Phenolic Resin1
Stannous
chloride
Total

PPH/
EPDM1
(blend)
40,0
60,0
40,0
-

PPH/
EPDM1
RES1,25
40,0
60,0
40,0
1,25

PPH/
EPDM1
/RES2,5
40,0
60,0
40,0
2,5

PPH/
EPDM1
/RES 5
40,0
60,0
40,0
5,0

PPH/
EPDM1
/RES 10
40,0
60,0
40,0
10,0

-

1,0

1,0

1,0

1,0

140,0

142,3

143,5

146,0

151,0

(1) Considering only the EPDM content, the resin content is 0; 2,1;
4,2; 8,3 e 16,7php, respectively

The mixtures were prepared in a Haake closed mixing
chamber with roller rotors. The following conditions
were used: rotor speed 80rpm, initial temperature
1800C, piston pressure of 8,1kgf/cm2 and filling factor
of 65%.
The test samples were produced by direct compression
in a press with a controlled cooling system.
The Shore A hardness was obtained according to the
ASTM D2240 (2005). The tensile properties were
determined according to ASTM D 412, test type C.
The swelling properties (Q) were done in toluene. The
tested sample were firstly extracted, to extract the oil
and other extractables, than dried, weighted (Mi) and
immersed in toluene by 48h at 230C, and then weighted
again (Mf). The swelling was calculated according to
the Eq. 1.
Q=

Mf − Mi
× 100
Mi

550), with the samples firstly washed in hot xylene by
2 minutes in order to extract the uncured thermoplastic
phase.
The size of the elastomeric domains was defined with
the software AnalySIS Starter Olympus 5.1 and the
results are a median of different measurement.

RESULTS AND DISCUSSION
The final torque evolution as function of time to the
PPH/EPDM1 blend and TPVs with different phenolic
resin as cure agent is presented in Fig. 1. In the graphic
is possible to observe the highest final torque to the
TPV with 5php phenolic resin content. Considering
that just the cure content was changed, the final
mixture with higher torque (and also higher viscosity)
can be considered the one with higher crosslink
density.
60

40

PPH40/EPDM1 60

Torque, N.m

TABLE 1. TPVs compositions with different PPs (Study I)

PPH40/EPDM1 60/RES 1,25
PPH40/EPDM1 60/RES 2,5
PPH40/EPDM1 60/RES 5
PPH40/EPDM1 60/RES 10

20

0

14

15
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16
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FIGURE 1. Evolution of the torque as function of time for
PP/EPDM TPVs prepared with different amount of phenolic
resin

The tensile strength results to the TPV`s with different
cure systems are presented in Fig. 2 where is possible
to observe an increment in the modulus with the
increase of phenolic resin content. The TPV with 5php
phenolic resin content can be considered the one with
the better relation between crosslink content and tensile
strength properties. The Shore A hardness of the TPV`s
increase with the phenolic resin content, mainly when
compared with the PP/EPDM blend (Tab. 4).

Equation 1

The morphology of the samples were evaluated by
scanning electronic microscopy (SEM, Shimadzu SSX-
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can be observed. In the PPH 40/EPDM1 60 blend a cocontinuous phase can be observed. In the TPV`s it was
possible to identify clearly the elastomeric domains
and their respective sizes. The TPV with phenolic resin
content of 2,5php presented the smaller elastomeric
domains (Fig 4c).
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FIGURE 2. Tensile strength x strain of the blend and TPV`s
with different phenolic resin content

a) PPH 40/EPDM1 60 (blend)

TABLE 4. Shore A hardenss of TPVs with different phenolic
resin content
PPH/
EPDM1
(blend)

PPH/
EPDM1
/RES
1,25

61

75

Shore A
hardness

PPH/
PPH/
EPDM1 EPDM1
/RES 2,5 /RES 5
77

PPH/
EPDM1
/RES 10

79

79

In a cured polymer with a high crosslink density the
length of the elastomeric chains will be smaller, the
size of the network mesh will be smaller and, as a
result, a lower swelling degree in organic fluids is
expected. According to Mark [9] as lower is the
crosslink density of a rubber as higher will be the
solvent absorbed by the polymer, considering that the
chain crosslink segments distance are higher in this
systems.
The Fig. 3 presents the swelling behavior in toluene of
the five TPVs as function of the phenolic resin content
where is possible to observe that amounts of phenolic
resin higher than 5php didn`t result in lower swelling
index.

Swelling index
(48h at 23ºC),%

300

b) PPH 40/EPDM1 60/RES 1,25
Elastomeric size domains: 1,65µm

c) PPH 40/EPDM1 60/RES 2,5
Elastomeric size domains: 0,63µm

d) PPH 40/EPDM1 60/RES 5
Elastomeric size domains: 0,83µm

260

220

180

e) PPH 40/EPDM1 60/RES 10
Elastomeric size domains: 1,8µm

140
0,00

1,25

2,50
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Phenolic resin content, php

FIGURE 3. Swelling index to TPV`s with different phenolic
resin content

The morphology of the five compounds evaluated is
presented in Fig. 4. Different elastomeric size domains

FIGURE 4. Morphology of the five compounds with 2.000
and 4.000X magnification

With the SEM results was possible to conclude that the
elastomeric size domains became small until 5php of
resin content, over this value, the size of the domains
started to increase again.

528 to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:
This article is copyrighted as indicated in the article. Reuse of AIP content is subject
189.86.142.2 On: Tue, 26 May 2015 14:48:12

When the microstructure and size domains are
correlated with the tensile properties in the TPV with
10php is possible to observe an increment in the size
domains and a decrease in the tensile strength
resistance
Regarding to the other studies (I, II), the following
results were obtained:
- Study I: the hardness and tensile strength
increase with increasing of the PP cristalinity.
At the same time, lower hardness TPVs were
obtained with EPDM with lower cristalinity,
and ethylene content;
- Study II: with a DCP content of 4php the
TPVs presented a good balance between
processability and physical mechanical
properties. The torque observed during the
curing in the dynamic vulcanization didn`t
change with DCP amounts of 2php or more.
The tensile strength of the TPV with 4php of
DCP was superior to the others TPVs.
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