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Influence of a copolymer on the mechanical properties
of a blend of PP and recycled and non-recycled HDPE
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Summary

The mechanical and morphological behavior of polypropylene (PP) and high-density
polyethylene (HDPE), recycled and non-recycled, by the addition of an ethylene-propylene
block copolymer, was studied. In the non-recycled samples, the effect of the copolymer ol
the mechanical and morphological properties is negligible. In the recycled samples, it wa
shown that with 5% copolymer, both particle size in the dispersed phase and interfaci
thickness decreased, and that 5% copolymer coitiquoss optimal in improving the
adhesion and flexibility of the blend.

Introduction

Blends are commercially interesting due to the possibility of combining the attractive
features of the different polymers and improving deficient properties. Aimost all blends
are immiscible and havpoor physical and mechanical properties in comparison to pure
components. This is due to thigtle interaction between phasespguced by interfacial
tension in the melted blends. This phenomenon makes deformation of the disperse pha
in the blend during the mixing process difficult, and results in poor interfacial adhesion in
the solid state (1).

The addition of a third component, which reduces interfacial tension and improves
compatibility, and the mixing of functional polymers able to interacbugph chemical
reactions are two of the methods used to improve interfacial adhesion.

The efficiency of a compatibilizing agent in a polymeric matrix is analyzesugfir the
affinity with the matrix, the distribution in the melted material related to the miscibility
and grade of dispersion, and the #tgbof the microstructure.

D'Orazio et al. (2,3) observed that the random ithld of an ethylene-propylene
copolymer affects the binary morphology of PP/HDPE blends, improving their mechanical
properties. Vicki-Flaris et al. (4) studied PP/LLDPE (Polypropylene/Linear Low-Density
Polyethylene) polyblends with a block copolymer and concluded that impact strength is
enhanced.

The use of recycled components increases the plitysidd immiscibility. Consequently,

the use of a compatibilizing agent is important.
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Therefore, this research is aimed at analyzing the influence of a block copolymer or
polyblends of PP with non-recycled and recycled HDPE.

Experimental

To fulfill the objectives of this sidy, the recycled material was degraded by 15-20% in wt.
The degree of degradation was determined by measuring the variation in viscosity o
HDPE exposed to 28C for varying lengths of time (5). Blend of PP (Profax, MFI:
6.59/10min, p: 0.903g/cih with 30% non-recycled HDPE (Polimeros delgba MFI:
5.09/10min, p: 0.953g/cthor with 30% recycled HDPE were mixed in an extruder with
different weight compositions of an ethylene-propylene block copolymer (Propilco, IF:
8.0g/10min p: 0.899g/cincontaining 8% ethylene.

Subsequently, the specimens were compression-molded. Tensile testing was carried o
using a Universal Instron test machine. Impact testing (Izod) was also performed.

The samples were treated with ruthenium tetroxide so their microstructure could be
studied by TEM, and were fractured in liquidaéhd coated with gold for SEM study.

Results and Discussion

Figures 1 and 2 show the mechanical properties of the blends containing differen
concentrations of block copolymer. A blend of 70% PP with non-recycled and recycled (r)
HDPE was chosen (Table 1), since analysis of the mechanical properties of differen
compositions of both polymers showed that at this concentration good mechanica
properties were obtained, and that the deviation of properties with respect to PP i
relatively small. For the PP/recycled-HDPE blend, the same catigpowas chosen, for
similar reasons, ancebause a high percentage of recycled material is used (6).

HDPE(%) E (Kg/mm?) o, (Kg/mm?) £5(%) IR()/m)
0 6448 3.640.1 12. 6+0.7 7.0£1.0
5 69+4 3.240.3 8.0+2.0 6.0+1.0
10 7846 3.440.3 12.0+2.0 6.2£0.9
20 88+6 3.140.4 8.0+2.0 8.140.5
30 99+5 3.740.2 9.0+1.0 8.5%1.0
50 85+4 2.7+0.3 6.5+0.6 2.6£0.2

100 48+5 2.3+0.3 960.0+50.0 28.0+4.0
5r 6848 3.6£0.2 10.1+0.8 9.3+1.0
10r 7345 3.440.2 8.6+0.9 8.5+1.1

20r 7245 3.1+0.3 7.1£0.9 9.340.9
30r 6849 3.240.2 6.840.9 8.740.5

40r 6543 3.140.2 8.3+0.8 7.5+0.8
50r 69+10 2.920.1 7.1£0.3 7.0£0.5
100 r 5544 1.6+0.7 560.0+100.0 38.3+5.0

Table 1: Variation of the mechanical properties of PP with non-recycled and recycled
HDPE. (E: Young’s modulus, £g: Elongation at break, ox: Final tensile strength, IR. Impact strength).
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Figure 1: Variation of a) Young’s modulus and b) Elongation at break as a function of
compatibilizing agent composition.
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Figure 2: Variation of a) Final tensile strength and b) Impact strength as a function of
compatibilizer composition.

The elongation at break of the PP/recycled-HDPE blend (Figure Ib) is atypical in its
behavior. Impact strength shows characteristics (Figure 2b) similar to dhgat&bn at
break, i.e. maximum values are reached at 5% copolymer cdimppsnd subsequently
values similar to those of a blend 6t copolymer are maintained.

In the case of Young's Modulus (Figure 1a), a drastic decrease to 5% copolymer can b
observed for the PP/recycled-HDPE blend and then the modulus valuesndes

those of the blend without copolymer.

Final tensile strength for the compound with recycled HDPE (Figure 2a) slightly decrease:
to 5% copolymer, and then at higher copolymer coritipos it increases untileaching

the value of the blend without compaliking agent.

The action of the copolymer was found to be negligible in the PP/non-recycled-HDPE
blend for almost all of the mechanical properties, because no significant variations were
observed (Figures 1-2). This indicates that the agent has not been able to increase either f
adhesion or the flexibility of the composite material, or to modify the brittleness.

In the case of the PP/recycled-HDPE blend, analyses showed that mechanical properti
vary only at 5% copolymer. Elongation at break and impact strength, properties related t
the tenacity and flexibility of the material, increase at this point, probaitause the
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blend absorbs a greater amount of energy. As a result, the material shows great
resistance to crack propagation under impact itimms, implying an increase in adhesion
and flexibility. It can be deduced that at this same compuositioung’s modulus
decreases, indicating a reduction in the brittleness of the polyblend.

According to Barlow et al. (7), block copolymers can increaséildydo a greater extent

than random types, and simultaneously decrease Young's modulus and resistance at bre:
In contrast, Dumoulin et al. (8) found that the iéidd of block copolymers to PP/LDPE
results in an increase in rigidity and brittleness, and thus in an increase in the values ¢
Young's modulus and final tensile strength.

Figure 3: SEM micrograph of PP/non-recycled-HDPE blend without copolymer. Scale bar:
Sem( )

Figure 4: SEM micrographs of the PP/ non-recycled-HDPE blend with copolymer a) 5%;
b) 15%.
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Figure 5: SEM micrograph of the PP/recycled-HDPE blend without copolymer. Scale Bar:
Spm( — ).

Micrographs of fracture surface for blends of 70% PP with non-recycled HDPE (Figures 3
and 4) show high uniformity of the domain size when studied as a function of the
compatibilizing agent concentration.

In mixtures of PP with recycled HDPE without copolymer, fracture surface micrographs
(Figures 5 and 6) show recycled-HDPE domains with diameters over 3um.

Figure 6: SEM micrographs of the PP/recycled-HDPE blend with copolymer.
a) 5%; b) 15%.
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Figure 7: TEM micrograph of PP/non-recycled-HDPE blend. Scale bar : 1.4um ( ).

The addition of 5% copolymer gives rise to a large change in morphology, to the exten
that no disperse phase is observed in the PP matrix. This proves that the copolymer acts
a compatibilizing agent, enhancing properties such asgation at break and impact

strength. Experimentation additionally shows that when the concentration is increased u
to 15%, these properties show no further changes.

5 Y L g §L ol IO, "

Figure 8: TEM micrographs of the PP/non-recycled-HDPE blend with copolymer.
a) 5%; b) 15%. Scale bar: a) 1.7um, b) 2.1um. ( ).
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Figure 9: TEM micrograph of the PP/recycled-HDPE blend. Scale bar: 2.8um. ( ).

TEM micrographs of PP/non-recycled-HDPE blends, both with and without copolymer,
(Figures 7 and 8) show no appreciable variations in the sizes of HDPE domains (0.5-3um
as well as no significant changes in the interface. This resultsnaitarso those obtained
from the analysis of their mechanical properties.

Figure 10: TEM micrographs of the PP/recycled-HDPE blend with copolymer. a) 5%; b)
15%. Scale bar: 1.7pm ( ——— ).
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Analysis of the micrographs of the blend of 70% PP with 30% recycled HDPE (Figures 9
and 10), with and without copolymer at different composs, reveals that the addition of

a compatibilizing agent at 5% composition decreases both particle size as well as interfac
thickness. At 15% copolymer compibsn results similar to those shown for the blend
without copolymer are obtained, with interface thickness varying between 400 and 600 A
whereas in the blend using 5% copolymer coritpos the interval obtained varies
between 165 and 200 A.

It can be concluded that the addition of this agent at the above mentioned itiampos
(5%) is the optimal concentration for improving the final properties and the finished
product. From these results, it can be deduced that at 5%, the cahzpagibagent
reaches its saturation level.

The action of a copolymer iimmiscible polymer blends is ruled by intace width and
interfacial tension (9,10), hence the importance of attaining imalpinterface thickness
level, which is obtained through a balance between entropy, enthalpy, and the
corresponding interfacial tension.

According to Noolandi (11), a decrease in interface thickness leads to a reduction ir
interfacial tension, due to the action of the block copolymer, its molecular weight, and the
orientation of the blocks in the interface.

In the micrographs, disperse particles of this compatibilizing agent can be seen in th
matrix phase, located at the interface between the two homopolymers.

Transmission electronic microscopy was used to establish disperse phase particle size f
the blends under study. Values fluctuate between 0.5 and 5 pm, that is, within the
‘appropriate’ range (0.32-1um), as designated by Taylor (12) and Lee et al. (13), so ths
major deterioration of mechanical properties can be avoided.

Conclusions

As a result of the present research, it can be concluded that the optimal composition of thi
copolymer for PP/recycled-HDPE blends is 5%, due to the increase in adhesion an
flexibility obtained. In PRion-recycled-HDPE blends, the action of this copolymer is not
significant.

This research was sponsored by CDCH. We gratefully acknowledge their financial
support.
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