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Abstract. Graft copolymers of polyolefins are widely used as compatibilizers
in blends with engineering plastics. Although there are many polymers contain-
ing acid reactive groups, only a few polymers functionalized with basic groups
have been used, because of their toxicity, difficulties in preparation, etc.The
oxazoline group is a basic group, which presents high reactivity towardsmany
other functional groups, such as acids, anhydrides, amines, etc. For this reason
it is suitable for the compatibilization of polymer alloys.

Aim of this work is to functionalize a high density polyethylene (HDPE) by
grafting an oxazoline group ended compound, the ricinoloxazoline maleinate
(OXA). The grafting reactions were carried out in an internal mixer. Many
samples were made using various operative conditions.

FTIR spectra analysis on the modified samples reveals the effectiveness of the
grafting reaction: two large bands at about 1730 and 1640 cm−1, characteristic
of the oxazoline ring resonance, are present. The influence of operative condi-
tions on the grafting yield was qualitatively evaluated using the same technique.
The functionalized polymers were then used as compatibilizers in blends with
polyethyleneterephtalate (PET). SEM image analysis shows better morphology
in compatibilized blends with respect to the not compatibilized one. Rheological
and tensile mechanical tests show also improved properties.

PACS number: 82.35.-x

1 Introduction

The blending of polymers offers attractive opportunities for developing new ma-
terials with useful combination of properties. However, most blends are im-
miscible and often have poor mechanical properties and unstable morphologies.
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Preformed block or graft copolymers have been traditionally added to polymers
as compatibilizers [1]. A more attractive alternative is togenerate these copoly-
mersin sitù during the melt blending of suitably functionalized polymers.

In recent years, increasing activities have been directed towards chemical mod-
ifications of existing polymers in order to obtain functional and/or engineering
new materials [2]. Chemical modifications of existing polymers are important
for at least two reasons: a) They can be an inexpensive and rapid way of obtain-
ing new polymers without having to search for new monomers; b) Sometimes
they may be only a way to synthesize intended polymer.

Of all possible chemical modification methods, the free-radical grafting is proba-
bly the oldest, widely practiced and the most inexpensive one. These advantages
are further gained with the use of batch mixers or screw extruders as chemical
reactors, which allow the free-radical grafting reaction to occur without solvents.

Although there are a number of commercially available polymers containing
acidic reactive groups [3], few commercially available polymers purposely func-
tionalized with basic reactive groups have been reported. However, there have
been developmental polymers containing basic functionality. Research efforts
have been made also on the functionalisation of polymers with oxazolines and
their use in interfacial reaction with other functional polymers [4].

The aim of this work is to functionalize a high density polyethylene (HDPE)
by grafting an oxazoline group ended compound, the ricinoloxazoline maleinate
(OXA), and then use the functionalized polymers as compatibilizers in blends
with polyetyleneterephtalate (PET).

2 Experimental

2.1 Materials and Preparation

The materials used in this work were a polyethyleneterephthalate, (PET), [η]
= 0.81 dL/g and a high density polyethylene, (HDPE, MFI≈ 6.5, density
96 kg/m3) kindly supplied by Sinco and Polimeri Europa, Italy, respectively.
The functionalized agent is a monomer content a terminal oxazoline group with
double bond in the side of the macromolecules, Loxamide V-EP8515 (rinoxazo-
line maleinated), kindly supplied by Henkel KgaA and indicated in this work as
OXA. In some of the cases one dicumil peroxide (0.3 phr, Akzo)was used as an
initiator.

2.2 Blending Procedure and Samples Preparation

The radical graft reaction of the HDPE with OXA was carried incorotating batch
mixer (Brabender Plasticorder mod. PLE330, capacity 50 cm3). To examinate
the process conditions influence on the reaction effectiveness, different temper-
atures, screw speeds and processing times were used.
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Table 1. Weight composition of compatibilized and uncompatibilized blends.

Code Composition
(PET/HDPE/HDPE-g-OXA)

PH 80/20/0
PHHg 80/15/5
PHg 80/0/20

The samples were dissolved in boiling xylene for about 30 minand then precip-
itated in acetone, in order to eliminate the non-reacted oxazoline and the other
reaction products.

In the same mixer various blends PET/HDPE/HDPE-g-OXA (where HDPE-g-
OXA is the modified HDPE) were prepared, as reported in Table 1. The pro-
cessing conditions were:T = 270◦C, screw speed of 64 rpm and mixing time
of 5 min.

Samples for FTIR and mechanical test were prepared by compression moulding
at a temperature of 180◦C and 270◦C, respectively. After that the material was
immediately cooled in water at a temperature of 0◦C.

2.3 Characterization

Mechanical properties were measured using an Instron machine mod. 1122.

The flow curves were measured with a rheometer Rheometrics RDA II with
parallel plates. The tests were performed at 270◦C.

The morphology of the blends was studied using a microscope Philips mod. 501.
The samples were brittle fractured in liquid nitrogen and then gold coated.

A FTIR (Perkin Elmer) was used for the analysis of the infrared absorption spec-
tra.

3 Results and Discussion

3.1 HDPE Modification and Analysis

Two typical bands at 1730 cm−1 and 1640 cm−1, corresponding respectively to
C=N bond and to the oxazoline’s ring resonance, were observed in the oxazo-
line’s spectra (sample 1 in Figure 1). As seen from the same figure, these bands
of absorption are absent in the polyethylene’s spectra (sample 2). In the same
region both bands typical for the oxazoline appear in the spectra of the modified
polyethylenes (sample 3 and 4). These bands remain also after the purification
of the modified polymers (sample 3). This fact means that the presence of the
oxazoline is due to the grafting of the oxazoline groups ontothe polyethylene
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Figure 1. Comparison of the FTIR spectra of oxazoline monomer (OXA), HDPE (H) and
modified polyethylene purified (7Hg purified) and non purified (7Hg nonpurified).

macromolecules.

The kinetics of the grafting reaction was studied through analysis of the mixing
torque, FTIR infrared spectra analysis and test of solubility.

To quantify the FTIR analysis the ratio between oxazoline bands at 1640 cm−1

and that of the polyethylene peak at 2200 cm−1 is used.

From this analysis it is clear that the amount of grafted oxazoline depends
strongly on the processing conditions. In particular:

• the reaction occurs very rapidly (7–10 min.);

• the long mixing time results in a progressive degradation ofboth modified
and non-modified polymers;

• the amount of the grafted oxazoline increases with increasing the process-
ing temperature, and the screw speed;

• higher the processing temperature and the screw speed, larger the thermal
and the mechanical degradation of polymer;

• the use of the dicumyl peroxide as initiator gives rise to an insoluble part,
probably due to some crosslinking.

Starting from these results, the sample obtained at a temperature of 180◦C and
screw speed of 64 rpm for a mixing time of 7 min, without peroxide, was found
to be better. This sample was successfully used as a compatibilizer for the
PET/HDPE blends.
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Figure 2. SEM micrographs of the PET80 blends: a) PH, b) PHHg.

3.2 Compatibilization of PET/HDPE Blends with Oxazoline Modified
HDPE (HDPE-g-OXA)

The SEM micrograph of the binary blend (PH) in Figure 2a demonstrates the in-
compatibility of the two polymers. The dispersed particlesare large, have very
different dimensions, and do not show any adhesion with the matrix. Finer mor-
phologies were obtained increasing the modified PE content (Figure 2b). Thein
situ formation of graft copolymers at the interface results in a finer dispersion
depending on the blend composition.

The melt rheology of compatibilized and non-compatibilized blends are signif-
icantly different. The viscosity of the compatibilized blends is higher almost
in the whole analyzed frequency range, and the slope of the flow curves is also
higher. The viscosity increases with increasing the modified PE content. It
must be noticed that the finer dispersion as well as better interaction at interface
between matrix and dispersed phase in compatibilized blends results in higher
viscosity.

The mechanical tests also confirm the effect of the compatibilization. While the
binary blend demonstrates a brittle behavior, the ternary blends obtain a ductile
behavior with remarkable value of the elongation of break. The brittle-ductile
transition can be attributed to the more uniform morphologyand to the better
adhesion shown by the ternary blends with respect to the caseof the binary
blend.

4 Conclusions

A modified HDPE was obtained through a melt grafting reactionwith an oxazo-
line monomer in a laboratory mixer. The free radical reaction was confirmed by
FTIR spectra analysis.

The copolymer obtained was successfully used as a compatibilizer in the
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PET/HDPE blends. The compatibilized blends obtain a finer morphology and
better adhesion between the phases. The higher viscosity curves of the ternary
blends also confirm the compatibilization effect. A brittle-ductile transition is
observed in the presence of the functionalized HDPE .
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