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ABSTRACT
Technical and economical reasons relating to the increased performance level, greater productivity, and the economic use
of materials and energy are stimulating the industry toward an accelerated increase in the use of thermoplastic
elastamers .The thermoplastic elastomers obtained by mixing classical elastomers and plastomers form a class of
materials with the largest prospect for commercial application .These materials are obtained by mixing rubbers with
thermoplastics and realizing the crosslinking of the elastomer phase during a mixing operation frequently referred to as
'dynamic vulcanization" . Here the parameters of mixing and the vulcanization operation as well as the properties of the
resulting thermoplastic elastomers for non-polar polymers are reviewed.

INTRODUCTION
Thermoplastic elastomers, or TPEs, are a
classification of polymer-based flexible materials
which combine the physical characteristics of
elastomers (high elastic behaviour at ambient
temperature) with ease of processing associated
with thermoplastics.The two main ways, essentially
dissimilar, to obtain TPEs are:synthesis of block
copolymers having blocks of different chemical
natures and possessing dissimilar physical
characteristics, and compounding in order to
obtain elastoplastic materials starting from
polymers having thermoplastic and elastic
properties .OfTering an answer of high technical
and economical efficiency to the present needs of
the polymer processing industry, the production
and use of TPEs are forecast to show a steady
growth, from around 890 million USD in 1989 to
close to 1250 million USD by 1994; the growth rate
over this period is estimated at 6-20% (different
for various TPE types, with the greatest potential
for high performance grades), superior to all other

high tonnage polymers [1, 2].
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Mixing of rubbers with resins and
thermoplastics results in composite materials with
new properties, different from the starting
materials, with an extended range of utilization.
Using various polymers, the characteristics of such
composites can be varied between large limits,
obtaining new materials with a balance of
properties which cannot be obtained with existing
single polymers. For many years, such composite
materials have been obtained by traditional
technology used in rubber processing and their
properties are well known [3, 4] . By mixing rubbers
with thermoplastics under given circumstances,
materials with elastoplastic behaviour can be
obtained; at high temperature they can be
processed in the molten state and, after cooling, in
the temperature range of service,theybehaveas
elastomers [5] .At the present time, such materials
are produced and used at commercial scale starting
from non-polar elastomers and non-polar
plastomers, or from polar elastomers and polar
plastomers, or from pairs of dissimilar polarity.The
use of the curing agents and accomplishing the
curing during mixing stage-so called "dynamic
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vulcanization "-results in a new class of elastoplastic
composite materials with superior performances [6]
for which the term Thermoplastic Vulcanizates
Alloys-TPVs-is frequently used .The realization of
some partly crosslinked compounds obtained
during the mixing process was claimed in patent
literature as early as in 1962 [7] using recipes based
on halobutyl rubber, polyethylene and curing resin.
During the last two decades, production of
elastoplastic composite materials by dynamic
vulcanization has been developed starting from
ethylene-propylene rubber and polyolefins [6,
8-10], butyl rubber and polyethylene [11] using
plastomers with rigid or flexible backbone and
various grades of unsaturation [12-17] with
unsaturated elastomers [15, 16, 18] vulcanized with
peroxide [12, 14, 18-20] . sulfur and accelerators
[15-17], phenolic resins [21], bis-imides [13], etc.

DISCUSSION
Obtaining and Processing of TPVs
The process of obtaining TPVs has been presented
many times [6, 22-25] . Mixing can be realized in an

inner mixer (Banbury or Intermix), in a mixing
extruder with two screws, and even on an open mill
at temperatures exceeding 10-80 °C the melting
temperature of the plastomer, in high shear
circumstances .The kinetics of the dynamic
vulcanization was investigated using a Brabender

Plastograph [24] . As illustrated in Figure 1, by
addition of the elastomer and plastomer, the
torque value reaches a high level, then it decreases
as a result of the melting of the plastomer. Shortly

after plastomer melting, the curing group is added
and the torque value increases again as a result of
the increase of viscosity accompanying the progress

of the vulcanization process . After crosslinking

of the elastomer phase, a new decrease in the
viscosity may appear as a result of mechano-
chemical destruction of the crosslinked elastomer;
carrying on the mixing 2-3 min after vulcanization
maximum may be advisable in order to improve the
dispersion of the vulcanized phase in the
thermoplastic matrix .Then, the molten material is
discharged on the mill and a 2 mm sheet is taken
off. For the purpose of obtaining a TPV with
superior characteristics , reprocessing in an inner

mixer followed by sheeting on a cool mill is
recommended [6].

Figure 1: Variation of torque in Brabender
Plastograph (mean curve) during mixing of EPDM (1),
polypropylene (2) and their mixture with ratio 5:2 (3),
and of the compound (4) with the following recipe
(mass parts) : 100 EPDM, 40 PP, 2 stearic acid, 0.5
MBT, 1 TMTD, 2 sulfur, initial temperature It10°C,
rotor speed 90 rpm.

Industrial plants for TPV production
working in batches, continuously or in a mixed
system are decribed in the literature [10, 22-241 As
an example, Figure 2 shows a simplified sehome'of

a mixed system plant [24] including an inner mixer
working batch by batch, succeeded by an extruder
and a granulator working continuously.

Figure 2 : A simplified scheme of a technological line
for TPV production : 1-Intermix mixer; 2-feeder;
3-extruder; 4-cooling bath; 5-air dryer; 6-granulator.
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Table 1, based on literature data 161,
presents the main characteristics of the composite
materials based on EPDM + PP obtained by the
classical method (mixing followed by
vulcanization)against a TPV obtained by dynamic
vulcanization starting from the same raw materials;
it shows that dynamic vulcanization allows
composite materials with superior levels of
modulus and tensile strength to he obtained .

(data excerpted from [24]) the influence of the
temperature used during the mixing/vulcanization
process and the temperature used during injection

moulding on the tensile strength and on the
elongation at break of the materials obtained by
dynamic vulcanization of a compound EPDM +
PP with a 5 :2 ratio.

Table 1 :Maln properties of somecomposite materials obtained by traditional method and by dynamic

vulcanization.

l

Characteristics

1'raditlonal method Dynamic vulcanization
1 : 0 2

	

1 EPDM : PP
2 : 1 10 :7 P 1 2 :3

Tensile strength, MPa 7.1 9.2 11.2 14.2 15.1 16.5
Elongation at break, % 285 175 180 215 170 175
Elongation set, % 12 17 12 22 20 27
Modulus at 100% elongation, MPa 3 .0 6.7 - 10.3 12 .8 13.S
Compression set (72 h at 100°C, 20% strain), % 58 63 - 52 52
Crosslinking degree, 11Q (m-xylene) 0 .33 094 0.51 0.52 0.53 0.53

Recipe. mass parls:100 EPDM, 120 carbon black ISAF, 100 paratinic oil, 5 zinc oxide, 2 atearic acid, 1 TMTD . 0 .5 MBT, 2 sulfur

	

TPVs can be processed using machines for

	

Composition of TPVs

	

plastics processing, with technical characteristics

	

Stress strain characteristics of TPVs are dependent

	

specific for the plastomer included as raw material

	

mainly on the nature and ratio of the components,

	

in the structure of the thermoplastic elastomer [22,

	

first of all of elastamer:plastomer contained in the

	

25, 26] for extrusion, calendering, injection and

	

system. Investigating around one hundred systems

	

vacuum forming . Figure 3 shows an example for

	

obtained from eleven types of elastomers and nine

variation of the viscosity of a family of TPVs with
temperature and shear rate [25, 26] ; these data
indicate the important point that such materials
must be processed by applying high shear rates in
order to enhance their potential performances.

TPVs exhibit a non-Newtonian flow
behaviour [5, 26] and their melt viscosity exceeds
the viscosity of the plastomer participating in
composite material [5, 22, 26] . In order to ensure a
satisfactory flow accompanied by a low die swell,
such materials should be processed ensuring a
shear rate of the order 102 s- t and a temperature
exceeding by 20-60 °C the melting temperature of
the corresponding thermoplastic material.

In the same context, Figure 4 illustrates
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Figure &Variation of the viscosity against temperature
(a) and shear rate (b) fora TPV (Santoprene) with
various shore hardness:73A (1) ; 80A (2); 37A (3) ; 40D
(4) .
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only non-polar polymers will be retained) the main
factors influencing the properties of TPVs have
been stated [28],

Figure 4 :Influence of temperature daring mixing and
during injection moulding on tensile strength and
elongation at break for TPVs based on EPDM + PE
(1) and EPDM + PP (2) with ratio 5 :2 and a sulfur
curing system .Mixes (a, h) moulded at 160°C (1) and
200°C (2) have been obtained by mixing (b, d) at 140°C
(1) and 180°C (2).

The nature and ratio of both polymers
participating in the system are decisive for the
main physical characteristics (Young modulus,
modulus at 100% elongation, etc .) and their
influence also on final properties (tensile strength,
elongation at break, tear strength, etc .) and
resilience [10, 29] . For selecting the nature of the
elastomer-plastomer pair and their ratio, in order
to obtain TPVs with a good balance of properties,
three characteristics are decisive: the degree of
crystallinity of the plastomer (W P ), interfacial
tension (Ay,) ensuring mutual wetting of the
phases, and the size of the chain segment between
two successive points of the network (Ne ) [N, = A
+ B(Mdz) where A and B are constants, Mo is the
molar mass of the monomer unit and z is the
number of atoms in the backbone of the monomer
unit].

The system elastomer + piastomer in the
molten state can be represented as a liquid-liquid

emulsion with the stability and degree of dispersion

dependent on the interfacial tension [5, 30] .When
interfacial tension decreases, the dimensions of the
discrete phase tend to decrease . Keeping in mind
that the superficial tension y is correlated with
solubility parameter d [31], a proposal was
advanced 128] to evaluate the interfacial tension
for polymer mixtures based on the difference
between . solubility parameters of the polymers
participating in the system (d l -6 2 ) .Figure 5 [28]
shows the variation of several physical
characteristics of TPVs with interfacial tension,
indicating a decrease of tensile strength and

elongation at break with an increase in interfacial
tension, while the permanent set in elongation
exhibits a maximum in the region Ay, = 5-7 ; it
results that the optimal balance of properties can
be reached in the domain.of low values of
interfacial tension.

Figure 5 :Variation of TPV properties with function of
the starting polymer paopertiesdntetircial tension, Ay„
size of the backbone segment between two successive
crosslinking points, N,, and crystallinity degree of
plastomer, Wi,.
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The utilization of crystalline thermoplastics
allows TPVs with physical characteristics of high
level, superior to the thermoplastic elastomer
obtained using amorphous thermupl antics [29] .For
this purpose, not only is the initial crystallinity of
the plastomer important but also the modification
of the crystallinity following the mixing process
implicated in producing and processing of TPVs, as
well as the orientation and deformation of the
product under stress in service [32] . Figure 5 shows
also the influence of the crystallinity (interfacial
tension and the size of the network segment being
maintained constant) on several important physical
characteristics : tensile strength and elongation at
break increase while permanent set in elongation
decreases when crystallinity of the plastomer
participant in structure of TPV increases.

The performance of TPVs is dependent
also on the density of the network (network
density decreases when value N, increases) as
illustrated in Figure 5 .The decrease of the
crosslinking density of the elastomer phase is
accompanied by a decrease of tensile strength and
elongation at break, and permanent set in
elongation is unfavourably affected for values N,>
600 .

The crosslinking density of the elastomer
phase is directly dependent on curing group nature
(curing agent, accelerator, activator) which
influences the curing rate and final curing degree.
As illustrated in Figure 6 [6, 10], the increase of
the crosslinking density of the elastomer phase is
accompanied by an increase of the tensile strength,
and a satisfactory permanent set is reached already
at low crosslinking density, without a significant
variation during subsequent increase of the curing
degree.

A regression analysis applied to experimental
results [28] shows that the correlation coefficients
and mean square deviation for the equation
relating physical characteristics (Ay„ W 1 , Na) and
mechanical properties of TPVs are not satisfactory

because a series of other important factors
(polymer viscosity, mechanochemical processes,
interactions at interfaces and others have been
neglected .For this reason, the above presented
correlations should be considered as a qualitative
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Figure 6 :Vaelation of tensile strength and elongation
set after 100% elongation in dependence of
intermolecular bridge density (1/MMe) in a TPV based
on EPDM and PP vulcanized with sulfur and
accelerator.

nature at the present stage of investigation.
However, starting only from this rather limited
volume of information, by drawing three
dimensional diagrams for various limit conditions,
it has been found that around 45% of the studied
compounds satisfy the request for an elongation at
break exceeding 100% and 10% of the obtained
TPVs satisfy the condition for a limit elongation
exceeding 300% at the same time as for a
permanent set in elongation lower than 30%.

At present, actually all systems of non-polar
polymers useful in producing TPVs have been
investigated, and the largest extent shared the
systems based on EPDM + PP, HR + PP, NR +
PP. Table 2 [28] contains the main information
concerning the performances of some non-polar
TPVs .Their properties are dependent on the
characteristics of starting polymers (molecular
mass, distribution of molecular mass, crystallinity
and others), on compound recipe (polymer ratio,
nature and amount of curing group, nature and
amount of filler and plasticizer, addition of special
components), on the circumstances for producing
and processing of TPV. For special purposes,
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Table 2 :Main physical characteristics of some TPVs obtained from non-polar elastomers and plastomers

(elastomer:plast~mer=3:2)

Polypropylene Polyethylene Polystyrene

Characteristics

NR BR SBR IIR EPDM EPDM NR SBR lilt EPDM

Tensile strength, MPa 26 .4 20 .8 21 .7 21 .6 24.3 16.4 6.2 15.8 0.9 7.9
Elongation at break, % 290 258 428 380 530 612 85 89 3 69
Elongation set, % 24 27 30 23 16 - - -

Ay. 105 N.nr1 3 4 5 1 0 1 2 0 6 5

Wp 0.63 0.63 0.63 0.63 0 .7 0 0 0 0 0

N, 454 416 460 570 460 460 454 460 570 460

additives with a specific end (antidegradants,

ignifugants and flame retarders, etc .) as well as
pigments for the desired color may be added . A

specific additive in recipes of TPVs is the
compatibilizer, a low/high molecular substance
specifically added in order to reduce the interfacial
tension between the two polymeric phases, leading
to an improved dispersion of discrete phase in the
matrix (eventually for mutual interdispersion) with

significant consequences on physical properties of
the composite materials . Bearing in mind that the
number of the recipe components is rather high
and processing parameters are able to introduce
significant variation in properties of the resulting
composites, statistical design of experiments and
computer assisted optimization are useful tools in
TPV development.

Structure of TPVs
The properties of TPVs are determined by the
structure of these composite materiais .The
thermoplasticity is a feature of the elastomer +
plastomer compounds in the molten state in the
domain of ratio values from 40 :60 to 85 :15 [5, 33],
estimating that in this range, both phases are
continuous, interpenetrated .The existence of a
continuous phase of plastomer, even for a rather
low amount, is due to the fact that, at elevated
temperature, its viscosity is 5-10 times lower than
elastomer viscosity at the same temperature.

The existence of a two-phase system is an
indispensable condition in realization of composite

materials with elastoplastic properties and this
assertion is confirmed by various methods.
Electronic microscopy being the most intuitive and
widely used [5, 6, 30, 34] .The obtained images
show that as an essential peculiarity, the formation
of particles of crosslinked elastomer with microgel
aspect (the crosslinking of the elastomer phase
takes place during dynamic vulcanization and the
subsequent mechanodestruction leads to particles

of 0 .5-1Qpm), phase boundary does not have a
sharp appearance on the micrographs and this fact
is interpreted as a consequence of mutual
interaction of elastomer and plastomer phases.

In an attempt to stimulate the structure of
TPV, particles of vulcanized EPDM of various
dimensions have been introduced [6,10] in a
polypropylene matrix (Figure 7), following the
influence on stress-strain behaviour of the resulting
composite material .The obtained data reveal that
TPV is equivalent to the composite with the
smallest dimensions of the vulcanized particles.

Using the radiothermoluminescence
technique in investigation of a TPV based on
EPDM + PP, a shift of the maximum
corresponding to the amorphous phase was
observed [35] and this experimental fact was
explained as an "elashification " of the plastomer
phase while the glass transition temperature of the
crosslinked elastomer remained unchanged.

In compounds of polymers realized by
physical methods, various structures (usual
dispersion, fibrils, lamella, formation of
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Figure 7 :Influence of the dimension of vulcanized
EPDM particles on tensile strength and elongation at
break In composites of EPDM + PP with a ratio 3 :2.

microemulsion or of continuous matrix
incorporating the discrete phase)have been
observed [30, 36] ; for high performance TPVs, the
most appropriate structure is considered [5] a
matrix-like structure, although other authors [35,
371 found arguments favourable for fibrillar
structure of such composite.

In the investigation of TPVs, mechanical and
thermo-mechanical methods have been applied
[10, 37-39], revealing various types of relaxation
processes and allowing the evaluation of the nature
and level of the energy involved in the interaction
between the system phases.

Applications of TPVs
The possibilities of application of TPVs are
conditioned by their performances : superior
physical characteristics near or at room
temperature, maintenance of their working
capability from -50 up to 120-150 °C, low values of
permanent set, a remarkable stability against
weathering (including ozone action) and various
aggressive agents .Table 3 presents the main
properties of some commercial TPVs.

Concerning the cost/performance ratio,
TPVs are situated in the middle region of the
domain of TPE as well as for classical,
crosslinkable elastomers (Figure 8).

The accessibility of raw materials, the

possibility of using a rather flexible production
technology, the significant reduction (or even
avoidance) of waste in processing (by easy, on
place recycling) make TPVs very attractive
materials in the production of a large range of
technical items (including items for cars and other
vehicles), insulating materials, sealing profiles,
insonorization sheets for civil and industrial
building, sport and leisure items, and recently,
large possibilities for medical/pharmaceutical use
have been revealed [40].

SUMMARY
Thermoplastic elastomers as composite materials
are polymer-based flexible materials which
combine the physical characteristics of elastomers
and easy processability of thermoplastics.

Although these materials have been obtained
as early as 1962, the use of the curing agents and
accomplishing the curing during mixing stage are of
more recent developments on materials such as
ethylene-propylene rubbers and polyolefins,butyl
rubber and polyethylene.

The nature and ratio of both polymers
participating in the system are crucial for the main
physical cflaracteristies (young modulus, modulus at
100% elongation,etc.) and their influence on final
properties (tensile strength, elongation at break,
tear strength, etc.) and resilience.

Figure 8 :Position of TPVa in the range of
thermoplastic elastomers and In the range of classical
(vulcanized) elastomers in cost-performance
coordinates.
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Table 3:Maln characteristics of some commercial TPVs

Characteristics
E ir " $ h1'

2 o a1
.1 4

~~

g FTPVs eâ, s W

010 Y 88 74A 5.6 7 200 20 13 4d

023 0.88 82A 7 7.7 200 30 23 -

pa

	

019 0.90 92A 13.3 14 300 40 18 75°

1700 0.89 74A 5.6 7 200 20 12 30°
Z300 0.88 8M 7 7.7 200 30 22 40'
1900

._
0.88 92A 74 14 300 5(1 17 40

101-73 0.98 7M 3 .2 7.6 375 14 25 33"

$

	

101-80 0.97 80A 4 .6 9.7 400 20 36 39"

101-87 0,96 87A 6.9 15 .2 530 33 53 52 "

o

	

103-40 0.95 40D 8.6 18.2 600 48 74 65`*a

	

103-50 0,94 50D 10 26.9 600 61 112 -
101-64 0.97 64A 23 6.6 400 10 32 33"

160 0 .97 60A 2.6 5 460 10"' - 33'•

a3

	

170 0 .98 70A 3 8 580 14". 36'"

171 0 .90 70A 3.8 5 220 17° " Sr

241 0.90 45D 12.6 15 400 60'"

250 0 .90 96A - 14.2 280 32 "' 68"

251 0.90 50D 11 .5 14 280 61"` 65"

.) at 70°C

	

.. ) at 100°C

	

... ) after 100% elongation

The data presented from various works
indicate that composite materials based on EPDM
+ PP obtained by dynamic vulcanization have
superior levels of modulus and tensile strength.

Date received: 23rd February 1992

REFERENCES

(if Thermoplastic Elastomers III Seminar, Brussels
(1991).

[2jHofmann, W., Kunsrstoffe 77, p.767, (I987) Gummi
Fawn K.unsrsc4q p.650 (1987).

[3]Shvarts, A.G., G.M. Ronkin, "Plastiki i sintezicheskie
smoly v rezinovyh smeseah", TsNlITEneftekhim,

Moscow (1965).

[4]Shvarts, A.G., B.N. Dinzburg, "Sovmeshchenie

Kauchukov a plastikami i sinteticheskiml smolame ,

IOtimiya, Moscow (1972).

[5 )Paul, D.R., S. Newman, ed ., "Polymer Blends",

Academic Press, New York (1972).

[6]Coran, A .Y., R .P . Patel, paper presented at

International Rubber Conference, Kiev (1978).
[7]US Patents 3037954 (1962) ; 39579I9 (1976).
[8]US Patents 3758643 (1973) ; 3806558 (1974);

3835201 (1974); 3862106 (1975).

[9/UK Patents 1380884 (1975); 1384261 (1975);
1384262 (1975).

[10]Coran, A. Y., R.P Patel, Rubber Chem., Technol.53,

p.141 and 78I (1980).

10

	

Iranian Animal of Rapier Science d technology!. Vnlx No.1, lwwwR 1993



(1985).

[38]Aliguliev, R.M.; DokladyAkademi NaukAzSSR 36,
No.7, p 46 (1980); 37, Na y, p 39 (1981).

[39]Coran, A.Y. ; RP. Patel; Rubber Chem. Technol. 56
p 210 (1983).

[40/Deakin, J.E., paper presented at Thermoplastic
Elastamners III Seminar, Brussels (1991).

[11/US Patent 3909463 (1975).
[12]US Patent 4212787 (1978).
[13]Japan Patent 54-139444 (1979).
jl4]Japan Parent 54-165432 (1981).
[15]US Patent 4350795 (1980).

[16]US Patent 4202801 (1977).
[17JCzecho-Slovakia Patent 201796 (1978).
[18JUS Patent 4243576 (1979).
[19/Japan Patent 57-135847 (1980).

[20/US Patent 4244861 (I979).
[21]US Patent 4271049 (1979).
[22] Whelan, A., KE Lee, ed., "Developments in Rubber

Technology .3, Thermoplastic Rubber", Applied
Science, London (1982).

[23]Vostreakova, N.V, F.A. Galyl-Ogly, "Svoistva i
primenenie termoelastoplastov", TsNIITEneftekhim,
Moscow (1979).

[24JKanauzova, A .A ., M.A . Yamashev, A.A . Donrsov,
"Poluchenie termoplasticheskih rezin metodom
dinamicheskoy vulkanizatsii", TsNI1TEneftekhim,
Moscow (1985).

[25]O ' Conner, I.E. ; MA . Fath; Rubber World 185, No.3,
p 25 (1981); No.4, p 31 (1981).

[26]Goertler, L.A . ; J.R. Rochwine ; F.J. Wille, Rubber
Chem. TechnoL 55, p 1448 (1982).

[27]Bhattacharya, R ; B. Kuriakose, B.R. Gupta; S.KDe.;
paper presented at International Rubber Conference,
Moscow (1984).

[28]Caran,A .Y. ; R.P. Patel; Rubber Chem. Technol. 55
p 116 (1982).

[29]Coran, A .Y. ; R.P.Patel:• Rubber Chem. Technol 54, p

91 and 892 (1981).
[30]Kuleznev, V.N. ; "Sniesi polinterov , Khimiya, Moscow

(1980).
[31/Van Krevclen D.W. ; "Properties of Polymers",

Elsevier, Amsterdam (1972).
[32/Bassi, E.N ; P. Corradini; G. Fagherarri ; A.

Valvassori; European Polymer J. ; 6 p709 (1970).

[33/US Patents 4239862 (1979); 4348458 (1980).

[34]Sperling, L .H. ; "InterpenetralingPolymer Networks
and Related Materials", Plenum Press, New York

(1984
[35]Karger-Kocsrs, L. ; Int. Polymer Sci. Technol. 11,

No.3, pTII1, (1984).
[36]Manson, J.A . ; L.H. Sperling: "Polymer Blend and

Composites", Plenum Press, New York (1975).
[37]Bas .switz, K. V. ; Kant. Gummi Kun .tist . 38. p 42

Iranian Journal of Polyrner Sciernee r4 Teclviatogv. VoL2, Nal, January, 1993 11


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9

