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The study of modification by melt alloying of recovered polypropylene with styrene and o-methylstyrene-
diene block-copolymers is presented in this paper. The block-copolymers were synthetized with the same
composition and molecular weight in order to relieve more accurately the influence of the component block
nature upon the modification degree of the polyolefin. It was found that only the nature of the diene block has
a significant influence on the intensity of the modification degree for recovered polypropylene.
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Polypropylene (PP) is one of the most used polyolefin in
the obtaining of containers and items for the majority of
industries due to its low cost, good processability and high
physico-mechanical properties, excepting the impact
strength [1]. Following this preferential use, its share in
recovered plastics is important, of about 18 % [2], and that
led to aresearch development regarding the reintroduction
of recovered polypropylene in the economic circuit [3-7].

Itis well known that usually PP sorts present low impact
strength, property more deficitary in case of recovered
polypropylene. The most used process to improve the
impact strength of pure and recovered PP is melt alloying
with modifiers, especially elastomer and mineral fillers that
sometimes need dynamic vulcanization, resulting in
polypropylene composites with better properties for
different applications [8-16]. PP modification by melt
alloying aims mainly the improvement of the poor impact
strength ever in case of pure PP sorts and the obtaining of
a good balance between the tensile and impact strength.
The maximum modification effect is given by the styrene-
diene block-copolymers, as such or hydrogenated [17-22].

The biphasic morphology of both polymers and the
different interphase compatibility make the polyolefin
modification hard to be achieved, the recovered PP
compounding requiring the establishment of nature
influence of both elastomer and plastomer blocks,
components of styrene-diene block-copolymers. The aim
of this paper is to study this influence, determining
correlations between the modification degree and the main
physical-mechanical properties of the resulting composites.

Experimental part

The study was performed using three block-copolymers
with different blocks: styrene-isoprene, styrene-butadiene,
and a-methylstyrene-butadiene. Their synthesis was
carried out by sequential anionic polymerization of
monomers, in cyclohexane solution, initiated with n-butyl
lithium, followed by the coupling of active blocks with
silicone tetrachloride [23-25]. The block-copolymers were
stabilized after polymerization with 1 % 2,6-di-tert-butyl-4-
methylphenol (TOPANOL-OC), directly in the cyclohexane
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solution. The elastomers were separated from the synthesis
solution by the desolvation process based on hot water
and steamn stripping of cyclohexane, the polymer final
drying being accomplished in an oven under reduced
pressure, at a temperature of 60 °C.

The molecular characterization of SIS elastomers and
of the component blocks of final elastomers was
determined by gel permeation chromatography (GPC) as
being sequential synthesized. The polystyrene and o-
methylstyrene content was determined using the melt flow
index method and the density [26]. The dynamic-
mechanical measurements were made on a Du Pont 983
apparatus at resonance frequency allowing the
determination of glass transition temperature of
polystyrene, poly-o-methylstyrene, polybutadiene, and
polyisoprene constituent blocks, using the tgd maximum
value criterion. The tensile physical-mechanical properties
were determined on polymer films of about 1 mm
thickness obtained by centrifugal casting from toluene
solution, using a Zwick 1454 dynamometer, with a
stretching speed of 500 mm/min. The block-copolymers
properties are presented in table 1.

The block-copolymers were used for the modification
by melt alloying of a recovered, without additives,
polypropylene sort, mainly from food transport shuttles out
of use due to their fragmentation during handling. PP has
the following propetrties:

Molecular weight (Mv): 88 600 g/mole

Density: 0.8975 g/cm?

Tensile strength: 20.8 MPa

Elongation at break: 75 %

Hardness: 74 ° ShD

Crystallinity: 76 %

Impact strength at 20°C: 7.1 kJ/m?

Impact strength at -20°C: 4.6 kJ/m?

Melt flow index at 190 °C, 5 kg: 1.6 g/10 min.

The compounding of recovered polypropylene with
synthesized block-copolymers was performed using a roller
with a friction coefficient of 1.18-1.20, at a temperature of
180-190 °C. The block-copolymers were added to the
mixture after the PP film was formed, the elastomer dosage
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Crt. no. Property SIS SBS | aMeSBaMeS
1 Polystyrene content, % 30.1 30.2 -
2 Poly-a-methylstyrene content, % - - 29.8
3 Total molecular weight, g/mole 168800 | 167100 170300
4 Polystyrene block molecular weight, g/mole 12100 | 12600 -
5 Poly-a-methylstyrene block molecular weight, g/mole - - 12700 PR OP;;,E?S IOF THE
6 Polyisoprene block molecular weight, g/mole 112400 - - STAR BLOCK-
7| Polybutadiene block molecular weight, g/mole T 17116700 | 119500 COPOLYMERS
8 Tensile strength, MPa 17.8 20.1 22.6
9 Elongation at break, % 760 620 540
10 Hardness, ° Sh A 65 69 71
11 Melt flow index, 190 °C, 5 kg, g/10min. 1.5 145 12
12 Tg of the polystyrene phase, °C 91 %0 -
13 Tg of the poly-a-methylstyrene phase, °C - - 126
14 Tg of the polyisoprene phase, °C - 64 - -
15 Tg of the polybutadiene phase, °C - -78 -

ranging from 5 to 30 %. The resulting compounds were
used to obtain pressed sheets at a temperature of 185-190
°C for 15 min, under a 198 N/m? pressure, being performed
2-3 short decompressions in order to eliminate any air
bubbles embedded in the material during the melt alloying.
In these conditions, two types of sheets were made: one
with 1 mm thickness for the determination of physico-
mechanical indicators when the composite is subject to a
tensile stress, and one with 4 mm thickness for the
stamping of hardness notched specimens used for Izod
impact strength measurement of composites.

Tensile properties were determined using a FPZ 100
dynamometer, with an elongation rate of 50 mm/min, on
type 5A specimens stamped from the 1 mm plates,
according to SR EN ISO 527-96. Shore hardness in D scale
was measured on the 4 mm pressed plates. Izod impact
strength was determined on notched specimens at +20°C
and -20°C, according to SR EN ISO 180-2009, using a Ceast
instrument. The melt flow index was according to SR EN
ISO 1133-93, at 190°C, under 5 kg loading. The crystallinity
degree was determined from DSC measurements using a
DSC Q2000 (TA Instruments) calorimeter.

Results and discussions

The studies regarding the melt alloying of PP with
styrene-diene block-copolymers demonstrated that the
modification degree of the polyolefin is influenced both by
the molecular weight and the composition of block-
copolymers [2, 17, 27-30]. In order to avoid these influences
that may overlap with the effect of the nature of elastomer
constituent block’s, all the styrene-diene block-copolymers
were synthetized with similar molecular weight and
composition, as can be seen in table 1.

The 30 % polystyrene content and the molecular weight
of 170000 g/mole give high physico-mechanical indicators
to block-copolymers. The elastomers present melt flow
indexes at 190°C closed to the one of recovered PP, being
thus respected the optimal modification criterion of
i[ncomI])atible polymers or polymers with low compatibility

31-33].

The block-copolymers presence in the polypropylene
matrix has as its first effect the uniform decreasing of
polyolefin crystallinity with increasing the thermoplastic
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elastomers dosage in the system, as can be seen in figure
1. Comparing the composites and the initial PP, it can be
observed a more pronounced decrease of the crystallinity
degree than the one evidenced taking into account only
the share of the block-copolymers in the system. This
indicates that the elastomers are not dispersed only in the
amorphous phase of recovered PP, they entering into the
crystalline network and disturbing the lattice, the
phenomenon being evidenced also by small angle X ray
diffraction (SAXD) measurements in the modification of
other polyolefins [34-35].
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Fig. 1. Variation of the crystallinity degree of polypropylene
composites depending on the block-copolymers content

The sharp decrease of composites crystallinity produced
by the styrene-isoprene block copolymer compared to the
effect of other elastomers, throughout the alloying domain,
indicates a higher interpenetration degree of SIS elastomer
mainly due to a better adherence of the continuous
polyisoprene phase in contact with the PP microcrystalline
phase [36-37]. Styrene and o-methylstyrene-butadiene
block copolymers produce practically the same decrease
of composites crystallinity at the first dosages because
the contact with the polyolefin microcrystalline lattice is
made in both cases by the elastomer butadiene continuous
phase. At higher dosages, SBS elastomer produces a
slightly more pronounced decrease in composites
crystallinity compared to the aMeSBaMeS elastomer.

It is known that the elastomer melt viscosity largely
controls the size of the dispersed particles in the
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Fig. 2. Variation of the hardness of polypropylene composites
depending on the block-copolymers content

polypropylene matrix in polyolefins alloying [31-33]. Lower
melt viscosity (higher melt flow index at 190 ° C, table 1) of
SBS block-copolymers as compared to that of the
oMeSBoMeS block-copolymer leads to the formation of
smaller elastomeric particles in the case of the first
polymer. Consequently, they penetrate more easily into PP
microcrystalline network, thus explaining the effect of a
more pronounced decrease in the crystallinity degree of
the composites mentioned above, given by the SBS block-
copolymer.

The presence of the block-copolymers in PP compounds
lowers the composites hardness, the effect being presented
in figure 2. The decreasing of composites hardness is
relatively uniform, respecting a rule of simple expansion of
a hard material (PP) with an elastic one (block-
copolymers). Since the block-copolymers hardness
decreases in the order: aMeSBaMeS, SBS, SIS, the
composites hardness shrinks in the same order, as
expected.

The introducing of block-copolymers into the polyolefin
matrix has as effect the decreasing of polypropylene
composites tensile strength (fig. 3), a phenomenon
characteristic for polymer alloys with incompatible
components and where the Van der Waals forces play an
important role in the interaction between components [38
-39]. Since by definition the tensile strength represents the
material behaviour until its destruction, then, in case of
composites, it is the cumulative response of the two
components: PP and the thermoplastic elastomer.
Considering that the tensile strength of block-copolymers
(table 1) decreases in the order: aMeSBaMeS, SBS, SIS,
also the maximization of the decreasing effect in tensile
strength of polypropylene composites occurs in the same
order (fig. 38.
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Fig. 3. Variation of the tensile strength of polypropylene
composites depending on the block-copolymers content
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Fig. 4. Variation of the elongation at break of polypropylene
composites depending on the block-copolymers content

The tensile properties measurement is performed at a
stretching speed of 50mm / min, speed that allows a
rearrangement of the crystalline phase in amorphous one.
To mention that the crystalline phase is consisting in its
turn of two components: PP continuous phase and
elastomeric phase dispersed in it. In case of this complex
morphology, the interphase contact plays a crucial role in
ensuring the integrity of the material and the elongation at
break is a measure of the adhesion and interpenetration
degree of these multiple phases [40-42].

In figure 4 is shown the variation of the elongation at
break depending on the block-copolymers dosage and it
can be seen that the composites have higher elasticity in
the order: aMeSBaMeS, SBS, SIS. The maximum effect
produced by the SIS block-copolymer in the PP
modification by melt alloying is more clearly laid out by the
higher values of “real tensile strength” presented by these
elastomer composites (fig. 5). The real tensile strength is
calculated by dividing the tensile effort to the actual
transverse surface presented by the specimen at break.
This synthetic indicator is defined by the relation:

6, = 273/293 o, .\,

where:

ot - real tensile strength;

ob - tensile strength;

Ab - elongation at break.

As it can be seen from figures 3 and 5, the variation of
both tensile strength and real tensile strength, depending
on the content of the block copolymer in the polypropylene
composites, shows an inflection around 15 % dosage of
elastomers. This signals a beneficial change in particle size
of dispersed elastomer in the PP matrix, a change that
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Fig. 5. Variation of the real tensile strength of polypropylene
composites depending on the block-copolymers content
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Fig. 6. Izod impact strength variation of polypropylene composites
at +20 °C depending on styrene-isoprene block-copolymers
content
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g. 8. Izod impact strength variation of polypropylene composites
at +20 °C depending on the crystallinity degree

leads to a better allocation of the destruction effort of the
composite material [43-44].

The most important consequence of melt alloying the
recovered PP with styrene-diene block-copolymers is the
appreciably increasing of the composites impact strength
both at positive (fig. 6) and negative temperatures (fig. 7).
The phenomenon is mainly correlated with the decreasing
of the alloys crystallinity degree (figs. 8 and 9). The
maximal increase of the impact strength is produced by
the SIS block-copolymer that provides the higher elasticity
of the composite material as a result of the stronger
interpenetration into the microcrystalline network of PP
(the sharp decrease in the crystallinity degree, fig. 1) and
due to the higher adherence to its amorphous phase (the
highest values of real tensile strength, fig. 5).
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Fig. 9. Izod impact strength variation of polypropylene composites
at -20 °C depending on the crystallinity degree
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Fig.e 10. Izod impact strength variation of polypropylene
composites at +20 °C depending on the tensile strength
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Fig. 11. Izod impact strength variation of polypropylene composites

at -20 °C depending on the tensile strength

The SIS block-copolymer shows also the nearest melt
viscosity to recovered PP, ensuring its optimal dispersion in
the polymer matrix, forming elastomeric particles with the
most appropriate dimensions that are able to absorb the
energy better and to uniform redistribute the internal
tensions and thus to effectively prevent the microcracks
propagation that occur when the material is subject to
mechanical stress [10, 16, 45, 46]. No significant differences
between the values of the impact strength for the
polypropylene alloys that contains SBS and occMeSBoMeS
block-copolymers. The explanation is the fact that the
polystyrene and poly a-methylstyrene blocks do not come
in direct contact with the polyolefin matrix, being dispersed
in the polybutadiene continuous phase. In this situation,
the modification effect is given mainly by the poly-
butadiene phase of the two block-copolymers and due to
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the fact that the polybutadiene blocks show very similar
molecular weights and the alloying degree resembles, the
polypropylene composites have basically the same impact
strength at identical dosages of elastomers.

Patrick diagrams, charts that make correlations between
the most important physico-mechanical properties of
composites: impact and tensile, are presented in figures
10 and 11, the dosage of the styrene-isoprene block-
copolymers being increased gradually with 5 % from right
to left. These diagrams allow an easy selection of the block-
copolymer dosage which provides an optimal balance
between these two properties depending of the application
domain requirements.

Conclusions

The study of the properties of recovered PP composites
obtained by melt alloying with styrene and o-
methylstyrene-diene block-copolymers emphasized that
all block-copolymers have a good modification effect,
manifesting his strength in the order: acMeSBoMeS, SBS,
SIS. The maximal modification effect of the SIS block-
copolymer can be explained by the superior adherence of
the polyisoprene phase in contact with the polypropylene
matrix, leading to increased strength of the composite
material, especially when subject to mechanical stress.

Replacing polystyrene with poly-c-methylstyrene blocks
does not greatly influence the modification effect of the
polyolefin, as only the polybutadiene block, common of
the two elastomers, is in direct contact with the
polypropylene matrix, and having the same molecular
mass, it is expected also that the modification degree to
be very close.

In conclusion, one can say that the modification degree
of recovered PP by melt alloying is significantly influenced
by the nature of the diene block from the block-copolymers.
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