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Development of new recycled polypropylene/ styrene-
Isoprene-styrene block copolymers composites
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Polypropylene (PP) is a thermoplastic polymer used as packaging for alcoholic and nonalcoholic beverages bottles,
detergent and cosmetics, bags, transparent packaging for food and non-food industrial products, pipes, fittings and other
applications. In this paper, wastes of PP resulted from textile cones were modified with poly (styrene-isoprene-styrene)
(SIS). Recycled PP/SIS composites containing 0, 5, 10, 15, 20, 25 and 30 weight % of SIS were performed by melt alloying
technique. By varying of SIS content can be tailored composites able to meet the service requirements when PP is used as
recycled materials for specific end use applications. It is found that new developed composites show a good elasticity and

notched impact 1ZOD compared with unmodified PP wastes and are suitable for industry field, e.g. automotive parts.
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1. Introduction

Polypropylene (PP) is a thermoplastic polymer used
as packaging for alcoholic and nonalcoholic beverages
bottles, detergent and cosmetics, bags, transparent
packaging for food and non-food industrial products,
pipes, fittings and other applications [1, 2].

Polypropylene has various excellent properties as a
general-purpose resin, such as mechanical rigidity,
resistant to heat, chemicals and fatigue, etc. [3].

Because of extensive use of PP, the generated wastes
have also increased greatly. There are known several
papers reporting the scraps of PP resulted from injection
and extrusion processes, e.g. automotive parts [1, 4],
packaging [5], disposable syringes [6], textile industry [2],
pipes [7], tapes [8] etc.

Processing of PP by injection and extrusion
technologies represents more than 90-95% of the PP
processing areas leading to the generation of large
amounts of wastes.

Several methods such as landfills, incineration, and
the reuse and recycling of the plastic wastes have been
used commonly to disposal of wastes [9-15].

In Romania, the amount of plastic waste per year is
331,000 tons. From this amount, according to Government
Decision no. 621/2005, by 2013 it should be achieved a
recycling rate of 22.5% plastics.

The approaches that have been proposed for recycling
of waste polymers include: primary recycling (referring to
the “in-plant” recycle of the scrap material of controlled
history), mechanical recycling (where the polymer is
separated from its associated contaminants and it is
reprocessed by melt extrusion), chemical or feedstock
recycling and energy recovery (leading in total

depolymerization to the monomers, or partial degradation
to other secondary valuable materials).

Recycling of the industrial wastes is not only an
attempt to decrease environmental pollution but also an
effort to increase economical effectiveness [16].

Several papers were dedicated to investigations of PP
wastes in the production of wood plastic composites,
construction material and insulation material. For example,
PP wastes are promising alternative raw materials for
making low cost WPCs (wood plastic composites) [17-19].

Polypropylene offers, potentially, a route to improved
insulation systems by virtue of its higher melting point and
excellent dielectric properties [20]. Yildirim et al. [21]
studied the use of PP wastes generated mostly from
packaging to produce insulation and other building
materials by reinforced with fly ash. Hugo et al. [22]
reported the use of CaCO; for the same purpose.
Giannadakis et al. [23] investigated a composite made of
recycled carbon fibers in recycled polypropylene matrix.
Such composites could be used as house-heating sources
in template and cold climates [6].

Wang et al. [2] studied the use of carpet waste fibers
in fiber reinforced concrete and demonstrated that such
reinforcement can effectively improve the shatter
resistance, toughness and ductility of concrete.

According to Konin [24] plastic waste of PP was melt
and mixed with a varying proportion of sand (between 50
and 80% in weight) in the manufacturing of roofing tiles.
Murphy et al. [25] reported the use of recycled PP to
improve the performance of bitumen.

For some applications, particularly at low
temperatures, PP shows a lack of toughness [3, 26].

Impact property of this polymer can be improved by
blending with an amorphous elastomeric material without
compromising its thermal and other structural properties.
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There are presented in literature composites including PP
reinforced with wood flour and impact modified with
elastomers (ethylene propylene-diene (EPR) elastomer) [3,
27-31],  acrylonitrile-butadiene rubber (NBR) [32],
styrene-ethylene-butylene-styrene ~ block  copolymer
(SEBS) [9, 33, 34] to increase stiffness and impact
resistance simultaneously.

In this study post-consumer polypropylene and
styrene-isoprene-styrene ~ block  copolymer  (SIS)
composites have been prepared by melt alloying technique
and they were characterized by mechanical properties,
such as elongation at break, tensile strength, hardness and
IZOD impact strength.

Also, the mechanical properties of RPP/SIS
composites were evaluated in comparison to a recycled
unmodified PP.

By varying of SIS content can be tailored composites
able to meet the service requirements when PP is used as
recycled materials for specific end use applications. The
obtained composites can represent a potential raw material
for industry field, e.g. automotive parts.

2. Experimental
2.1 Materials and Methods

A recycled polypropylene (RPP) with 14 g/10 min
melt index measured at 230 °C and 2.16 kg and density of
0.8920 g/cm’ was selected as a matrix of all the
composites prepared. This material was kindly supplied by
a local recycler; it was obtained from post-consumer
textile cones.

Styrene-isoprene-styrene (SIS) block copolymers have
synthesized by ICECHIM according to the method
described by Hsieh [35] and Ghioca et.al. [36]. SIS block-
copolymers contain 20 wt. % and respectively 30 wt. %
styrene.

Table 1. The characteristics of the studied SIS block

copolymers
SIS block Characteristics
copolymer
SIS with 20 Tensile strength = 7.20 MPa

wt.% styrene | Elongation at break = 1520 %

T, of polystyrenic phase = 90 °C
T, of polyisoprenic phase =-61 °C
Hardness Shore A = 34 “ShA
Tensile strength = 8.70 MPa
Elongation at break = 1080 %

T, of polystyrenic phase =92 °C
T, of polyisoprenic phase = -60 °C
Hardness Shore A =47 “ShA

SIS with 30
wt.% styrene

SIS block copolymers have some fascinating
properties due toits elastomeric - (polyisoprene) and
thermoplastic (polystyrene) properties. Due to the covalent

linkage between chemically dissimilar segments, the rigid
polystyrene domains may form a three-dimensional
network of crosslink sites. Consequently, SIS block
copolymers exhibit mechanical properties that are, in
many ways, comparable to those of a vulcanized
(covalently cross linked) rubber [37].

The characteristics of SISs used in this paper are
presented in Table 1.

SISs have synthesized by anionic polymerization of
monomers in cyclohexane solution using n-butyl lithium,
as initiator. Materials for synthesis of SIS were: styrene,
isoprene, n-buthyllithium in 1 M cyclohexane solution
(max. 5 ppm content of humidity), 2,6-ditert-buthyl-4-
methyl fenol TOPANOL OC) as antioxidant,
methylcellulose, azot. Polymerisation was carried out
sequentially: to start the first polystyrenic block was
synthesized by polymerization of styrene using n-butyl
lithium; after polymerizing the first polystyrene block,
isoprene is added, followed by polymerisation of the
polystyrene end block.

This technique allows obtaining of block copolymers
having a right composition, the molecular mass of
polystyrene and polyisoprene blocks being well defined
and showed a low distribution. Both SISs possess a
molecular weight of 100,000 g/mol.

2.2 Preparation of the Composites

Seven composites formulations are given in Table 2 as
original formulations for each type of SIS. The content of
SIS was varied from 0 to 30 wt. %.

There are known papers concerning the maximum
elastomer in PP composites up to 40 % [28, 38, 39].

Melt alloying of RPP with SIS block copolymers was
performed using a lab two roll mixing mill with diameter
of rolls of 140 mm. First, RPP was processed on two roll
mixing mill for sheeting it out. The sheets were further cut
into small pieces for easy incorporation into the machine
for blending with SIS.

Table 2. Composition of the investigated composites

Code recipe RPP (wt. %) SIS (wt. %)
RPP:SIS 100:0 100 0
RPP:SIS 95:5 95 5
RPP:SIS 90:10 90 10
RPP:SIS 85:15 85 15
RPP:SIS 80:20 80 20
RPP:SIS 75:25 75 25
RPP:SIS 70:30 70 30

Then, a hot press lab was used for obtaining of plates
with dimensions of (150x150x1) mm and (150x150x4)
mm. Specimens for measurements of the mechanical
properties were cut from these plates.

Technical parameters are specified in Table 3.
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Table 3. Technical parameters for sheets and plates

Parameters | UM. | Value
Rolling

Rolling Temperature °C 185-190
Rolling Time minute 10
Friction ratio - 1:1.2
Pressing

Preheating Time minute 4
Pressing Time minute 2
Pressing Temperature ’c 185
Pressure atm. 150
Cooling time minute 30

2.3 Characterization

Tensile Properties
Tensile properties were tested using a FP 10/1
machine according to ISO 527 standard procedures. It was
used test specimens of 1 mm thickness and a crosshead
speed of 50 mm min™'. At least five samples were tested
for each composition, and the average value was reported.

Hardness Shore

Hardness Shore was tested using a Durometer with
Shore D scale, according to ISO 868. Test specimens of 4
mm thickness and a loading force of 4536 g were used. At
least five points were tested for each composition, and the
average value was reported.

1ZOD Test

The impact test was carried out using a IZOD
Pendulum (CEAST, Italy) according to ISO 180 on
specimens with dimensions of (80 x 10 x 4) mm. Notching
of 8 mm depth on the sample was done by using notching
apparatus by CEAST, Italy. The test was performed with a
hammer of 2 J energy. At least, 10 specimens of each
sample were tested to obtain the impact strength.

IZOD Impact strength (ap), expressed as kJ/m’ is
calculated by dividing impact energy in J by the area under
the notch, according to formula (1):

an= %x 10%, kJ/m® (1)

where:

Ec energy used for breaking of specimen, J;
h thickness of specimen, mm;
b width of specimen under notch, mm.

All measurements were performed at ambient
conditions, i.e., a temperature of 23°C and a relative
humidity of approximately 50%.

3. Results and discussions
Fig. 1 plotted the tensile strength of the RPP/SIS
composites made with various formulations.
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Fig. 1. Tensile strength of RPP/SIS composites
plotted against SIS content

It can be seen from Fig. 1 that the stiffness is not
significantly affected by the styrene content of two SIS
block copolymers; the composites show the same
behavior.

The stiffness of the composites significantly decreases
with the increase of SIS content. Investigated samples
show a decrease of tensile strength even the addition of
5% thermoplastic elastomer to thermoplastic matrix, it
continued to decline to about 50% of the recycled
unmodified PP. Initial value of tensile strenght was 36
MPa and by increase of SIS content up to 30%, the tensile
strength reached 17 MPa. The decrease of tensile strength
is due to the poor miscibility between polypropylene
matrix and elastomeric phase. As tensile strength
significances the force reported to section, the diluting the
polypropylene matrix with thermoplastic elastomer leads
to decrease of tensile strength.

These data are in accordance with data obtained by
Balkan et. al. [34] that studied the mechanical properties
of PP/SEBS blends. By increasing of SEBS content in
polyolefin matrix up to 20%, they found decreasing of
tensile strength from 19.42 MPa to 17.82 MPa.
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Fig. 2. Elongation at break of RPP/SIS composites plotted
against SIS content

Elongation at break is illustrated in Fig. 2. Elongation
at break exhibited a significantly increase with the increase
of SIS content. The increase in elongation at break is due
to the substitution of PP matrix with SIS elastomer. As can
be seen from Figure 2, the composites made with 30 %
styrene show the higher elongation at break than those
with 20 % styrene. This is due to low viscosity of block
copolymer containing 30 % of styrene.

It is generally known that the thermoplastic elastomer
shows high elongation. At 5 % SIS in composites is
observed a decrease of elasticity. At 10% SIS in
composites already recorded an increase in elongation at
break of 17 % for RPP/SIS composite with 20 % styrene,
respectively of 87 % for RPP/SIS composite with 30 %
styrene, in comparison with one recycled unmodified PP.
This increase of elongation is strongly dependent on the
content of SIS, reaches up to 7 times, respectively 10 times
from unmodified RPP.

Hardness Shore D of RPP/SIS composites with 20%
and 30% styrene in content is shown in Fig. 3. As rubber
content is added into PP matrix the hardness decreases, as
is expected. Hardness Shore depends on the viscoelastic
properties of the material. These data are in accordance
with elongation at break. That means the rubber elastomer
can act as plasticizer for PP matrix.

Fig. 4 shows the IZOD impact strength of the
composites made with the different SIS content. Impact
test provides information about the performance of
polymeric blends.

The graphical representation of the notched impact
strength shows a similar trend to that observed for
elongation at break, giving higher impact values as SIS
content increases. By adding of 30 % SIS in composites,
impact strength reaches up to 15 times from unmodified
RPP. Also, the content of styrene from SIS block
copolymers does not affect the impact strength. RPP/SIS
composites in the low elastomer content region (< 10 %)
show low values of the Izod impact strength and both,

elastomer content and impact strength, are directly
proportional to the addition of elastomer.
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Fig. 3. Hardness Shore D of RPP/SIS composites plotted
against SIS content
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Fig. 4. 1ZOD notched impact strength of RPP/SIS
composites plotted against SIS content

It is well known that addition of a low T, rubber like
material to a high T,, hard polymer may result in dramatic
improvement in the toughness of the hard polymer [40].
The improvement in impact strength when an elastomer is
added to a polymeric matrix normally implies in a
reduction of its stiffness, which is usually related to a
decrease in tensile strength and an increase in the
elongation in good agreement with data from [26, 29, 33].
SIS block copolymer works as an effective impact
modifier for the RPP.

The typical applications of these composites with
high impact property are found in automobile field. The
most important physical properties for selecting and
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engineering such materials include stiffness, toughness,
melt index, density, etc.

Therefore, a proper combination of those components
should be selected in order to achieve the balance of the
mechanical behavior of such engineering composites.

There are known impact copolymers of
polypropylene with applications in injection moulding, as
caps&closures, batteries, pails, automotive, etc. For
example, Moplen EP1006 can be used in injection
moulding for applications requiring a high resistance to
temperature degradation, in particular for battery cases and
automotive components. It has Charpy notched impact
strength of 21 kJ/m?, while other copolymers for a variety
of industrial and consumer applications have I1zod notched
impact strength of 24 kJ/m”. Non painted automotive
bumpers are characterised by tensile stress at break of 13
MPa, elongation at break [J 100 % and notched Izod
impact strength without break at 23 °C [41].

From setting the optimal RPP/SIS composites we
plotted tensile strength of RPP/SIS composites against
elongation at break (Fig. 5) and notched IZOD impact
against tensile strength (Fig. 6).

From Figure 5 is observed that an elongation at break
of minimum 100 % corresponds to a tensile strength of
minimum 22 MPa. By analyzing the results of tensile
properties from Figures 1 and 2 is shown that these
requirements can be fulfilled by composites containing 15
% SIS in formulation.

Also, analyzing Fig. 6, it was noted that high impact
strength values correspond to composites with tensile
strength up to maximum 25 MPa. Even at small values of
tensile strength of 15-20 MPa are recorded high values for
Izod strength of 30 kJ/m’. This corresponds to high
percent of SIS in compositions.

Between two types of studied block copolymers for
fulfilled the requirements about tensile properties and Izod
strength the most appropriate is that with 30 % styrene in
content.

Therefore, depending on the desired properties, the
composites of the present paper can be tailored to meet
performance specifications for diverse industrial
applications.
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Fig. 5. Tensile strength of RPP/SIS composites
plotted against elongation at break
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Fig. 6. Izod impact of RPP/SIS composites plotted
against tensile strength

4. Conclusions

Based on the results of this study the following
conclusions can be drawn.

The toughness (elongation at break and Izod impact
strength) of the composites made with RPP and SIS
increases with SIS content, while the stiffness (tensile
strength) decreases with incorporation of SIS.

By comparison of composites with different styrene
content in block copolymers, it can be stated that there are
no significantly difference between mechanical properties
of composites regarding tensile and impact strength, only
difference being to elongation at break and hardness. In
order to improve impact property of RPP/SIS composites,
it is thought that 30 % styrene content in SIS block
copolymers is preferable.

The results showed that recycled polypropylene from
textile cones compounded with (styrene-isoprene-styrene)
block copolymer is a promising alternative of raw
materials for making materials with higher properties of
elongation at break and impact strength.

The composites can be adapted to meet the
performance specifications in some or all of the properties
simultaneously. The optimal stiffness and impact balance
provides utility in industrial applications.
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