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RAPID COMMUNICATION

Summary — The effects of reactive modifiers with anhydride or oxazoline functional groups on the
morphology and the mechanical properties of polyolefins waste based blends prepared by melt blend-
ing have been studied. The materials were first subjected to morphological analyses by scanning
electron microscopy (SEM). The modifiers act as compatibilizers in the structurally heterogeneous
blends. Tensile tests showed that the blends had significantly improved elongation and impact
strength over their unmodified analogues. Improvements in tensile and impact properties depend on
the blend composition and the modifier used.
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KOMPATYBILIZACJA MIESZANIN OTRZYMANYCH Z ODPADOW POLIOLEFIN ZA POMOCA
MODYFIKATOROW ZAWIERAJACYCH BEZWODNIKOWE LUB OKSAZOLINOWE GRUPY
FUNKCYJNE

Okreslono wplyw reaktywnych modyfikatoréw posiadajacych bezwodnikowe lub oksazolinowe
grupy funkcyjne na strukture i wlasciwosci mechaniczne mieszanin otrzymanych metoda wytlacza-
nia na podstawie odpadéw poliolefin (tabela 1). Za pomoca skaningowej mikroskopii elektronowej
(SEM) wykonano badania morfologii otrzymanych prébek (rys. 1—3). Stwierdzono, ze modyfiko-
wane prébki charakteryzuja sie kompatybilna struktura heterogeniczna powstajaca podczas wytla-
czania na skutek reakcji z udzialem bezwodnikowych i oksazolinowych grup funkcyjnych.
Wykazano, ze zastosowanie modyfikator6w powoduje obnizenie masowego wskaznika szybkosci
plyniecia (MFR) i modulu sprezystosci, natomiast wydluzenie przy zerwaniu oraz udarnosé
badanych mieszanin wzrasta (tabela 2). Poprawe tych wlasciwosci mozna osiagna¢ zmieniajac sktad
mieszaniny odpadowych poliolefin oraz rodzaj i iloé¢ uzytego modyfikatora.

Stowa kluczowe: recykling, poliolefiny, mieszaniny, reaktywne modyfikatory, wytlaczanie reak-
tywne.

The recent growth of plastics recycling presents an
opportunity for developing new value-added blend pro-
ducts from post-consumer recycled polymers. In gene-
ral, high performance in properties of polymer blend
such as high impact strength, ductility and solvent resis-
tance are highly desirable to enhance its value and appli-
cation potential. However, in the majority of the cases,
attaining of these requirements with recycled materials
is very difficult because of several reprocessing pro-
blems, in which degradation plays a significant role. An-
other important problem in recycling is that most poly-
mer are incompatible, and therefore the blends have
poor mechanical properties [1—4].

*) Corresponding author; e-mail: regina.jeziorska@ichp.pl

Polymer processing involving chemical reactions that
couple dissimilar polymer chains create more stable and
useful blends. The formation of chemical bonds between
polymer molecules from different phases may be instru-
mental in preventing molecular slippage at poly-
mer—polymer interphase [5—7]. Moreover, such
co-crosslinked materials which are formed at the inter-
layer of two polymers may play similar role to that of
block or grafted, copolymers by acting as potential solid
phase dispersants.

In this work, the effects of reactive modifiers with
anhydride or oxazoline functional groups, on the mor-
phology and the mechanical properties of polyolefins
waste based blends prepared by extrusion have been in-
vestigated.
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EXPERIMENTAL

Materials

Low-density polyethylene (PE-LD), high-density
polyethylene (PE-HD), polypropylene (PP), polystyrene
(PS), polyamide 6 (PA), polycarbonate compact disc
grade (PC) and poly(ethylene terephthalate) (PET)
waste, were used in this work. Before using, all the poly-
mers were disintegrated and accurately dried under va-
cuum for 8 h at 85 °C (for polyolefins and PS) or 110 °C
(for PET, PC and PA). Reactive modifiers low-density
polyethylene grafted with maleic anhydride (PE-LD-g-
-MAH) and poly(ethylene terephthalate) modified with
2,2’-(1,3-phenylene)-bis(2-oxazoline) (PET-OX) were
elaborated in the Industrial Chemistry Research Insti-
tute, according to procedure described in detail else-
where [4—6].

Extrusion of blends

Reactive extrusion experiments were carried out
using a Berstoff ZE-25x33D modular intermeshing co-ro-
tating twin-screw extruder equipped with a vacuum
vent and having a screw diameter of 25 mm and L/D
ratio equal 33. A flat temperature profile of 245 °C was
employed across the extrusion barrel with the exception
of the feed zone, which was maintained at 240 °C. Screw
speed remained constant 100 rpm and output was con-
trolled at a throughput of 90 g/min with a calibrated
anger feeder. Under these conditions, the mean resi-
dence time experienced by the polymer blends was ap-
proximately 2.0 min.

Table 1. Samples compositions and their denotations

Symbol Composition, %

of blend

sample | PE-LD | PE-HD | PP PS PA | PET | PC
A 10 20 20 20 20 10 —
B 15 30 25 20 10 — —
C 20 20 — 30 — — 30

Example samples compositions and their denotations
are presented in Table 1.

Methods of characterizations

The fractures of surfaces of the sample cooled with
liquid nitrogen and coated with gold were observed by
scanning electron microscopy (SEM) using Joel JSM-6100
microscope.

The tensile data were collected according to standard
ISO 527. The tests were carried out at room temperature
using an Instron 4505 tensile tester, at a crosshead speed
of 5 mm/min.

Charpy impact tests were performed using Zwick
testing system at room temperature according to ISO 179
standard.

Melt mass-flow rate (MFR) was examined by Plasto-
meter type II RT (Russia), according to ISO 1133 stan-
dard.

RESULTS AND DISCUSSION

The microstructures of the fracture surfaces of va-
rious modified blends are analyzed by SEM. First, the
blends with no modifier were investigated and relevant
micrographs are shown in Fig. 1. These blends display
the morphology with a poor dispersion and no inter-
facial adhesion. Next the blends modified with PET-OX
and PE-LD-g-MAH were analyzed. The micrographs
presented in Figs. 2 and 3 show heterogeneous compa-
tible structures with good interfacial adhesion between
the phases. In fact, the phases of the blend become prac-
tically indistinguishable already after addition of 25
wt. % of PET-OX (Fig. 2). It is more reasonable to assume
that a considerable number of modifier molecules react
with the end groups of blend components to produce
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Fig. 1. SEM micrographs of the blends: a) A, b) B, c) C
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Fig. 2. SEM micrographs of the blends: a) A/[PET-OX, b)
B/PET-OX; in both cases components’ ratio by weight was
equal 75/25
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Fig. 3. SEM micrographs of C/[PE-LD-g-MAH blends with
components’ ratios by weight: a) 85/15, b) 65/35

Table 2. Melt mass-flow rate (MFR) and mechanical properties of blends modified with PET-OX or PE-LD-g-MAH

Sample Modifier content MFR Tensile modulus Tensile strength Elongation icmha:\pi, I:t;hf}il
composition wt. % g/10 min MPa at break, MPa at break, % b lfl/smi’ 8
0 8.2V 1290 19 2 3
A/PET-0X 25 6.4% 1200 26 8 9
0 7.6 16 7 5
B/PET-OX 25 5.29 20 15 10
0 10.1% 1275 17 2 2
C/PE-LD-g-MAH 15 7.9” 1020 16 4 5
25 6.7% 15 6 6

¥250°C, 2,16 kg; 270 °C, 1,2 kg.

block copolymers located in the interface. The block co-
polymers formed during reactive processing, because of
interchain exchange reactions, play a role of compati-
bilizer.

The occurrence and the extent of the chemical interac-
tions taking place in a molten state between polyolefins,
PS, PET, PA, PC and reactive modifiers were qualita-
tively assessed by MFR measurements. Reactions be-
tween these polymers and the modifiers will result in an
increase in the molecular weight and viscosity on the
one hand in a decrease in MFR on the other one. Table 2
illustrates an effect of addition of two types of modifiers
on mechanical properties of the blends investigated.
From the data shown in Table 2 we can see, that MFR
values of the samples containing the modifier are
smaller than unmodified samples. Example of C/PE-
-LD-g-MAH sample shows that increasing modifier con-
tent causes decrease in MFR. This behavior is typical for

compatibilized blends and suggests a substantial role of
interfacial reactions and molecular weight increase.

The data of tensile properties of unmodified and
modified blends are also listed in Table 2. Modified
blends show significantly improved elongation in com-
parison with their unmodified counterparts. Moreover,
as it was also found for MFR, an increase in PE-LD-g-
-MAH concentration from 15 to 35 wt. % enhanced the
elongation further. With respect to the unmodified sam-
ple A, the modulus of the modified blend is about 8 %
lower, the tensile strength is increased by 50 % and elon-
gation at break by 300 %. The results of the mechanical
characterization are in good agreement with all other
experimental evidences indicating that the modifiers do
actually help the in situ formation of graft copolymer
compatibilizers.

The effectiveness of the compatibilizing system stu-
died in this work was confirmed by an investigation of
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the impact properties of unmodified and modified
blends (Table 2). Addition of the modifier significantly
improves the impact strength, confirming that these
modifiers do actually behave as compatibilizer precur-
sors. This finding provides the most convincing proof of
the effectiveness of the compatibilizing procedure stu-
died in this work.

CONCLUSIONS

Polyolefins waste based blends can be prepared by a
reactive melt mixing process. These blends have fine
morphology and significantly improved elongation and
impact strength in comparison with their unmodified
analogues. MFR characterization, the tensile behavior
and, more clearly, the impact tests showed that coupling
reactions between the modifier and blend components
were effective in the compatibilization of the blends in-
vestigated. Improvement in tensile and impact proper-
ties depends on the blend composition, the type and con-
centration of modifier used. The maximum increase was

obtained for A blend modified with 25 wt. % of PET-OX.
About 4-fold increase in elongation at break and 3-fold
increase in impact strength were achieved. However, the
maximum values of these properties were obtained for
B/PET-OX with 25 wt. % content of modifier.
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W kolejnym zeszycie ukaza si¢ m.in. nastepujace artykuty:

— Laserowe modyfikowanie materiatéw polimerowych. Cz. II. Reakcje indukowane $wiatlem lasero-

wym

— Polimery do zastosowan farmaceutycznych

— Wplyw wodoru lub metanu na polimeryzacje styrenu katalizowana ukladem CpTiCl,(OC¢H4Cl-p)/

MAO (j. ang.)

— Kationomery poliuretanowe syntetyzowane z 4,4’-diizocyjanianu difenylenometanu, glikolu po-
li(oksypropylenowego) i N-alkilodietanoloamin — budowa chemiczna oraz swobodna energia po-

wierzchniowa i jej sktadowe

— DPoliakrylanowe kleje samoprzylepne zawierajace etery nienasycone sieciowane za pomoca promie-

niowania UV (j. ang.)

— Jednopolimerowe kompozyty polipropylenowe — wytwarzanie, struktura, wlasciwosci

— Swobodna energia powierzchniowa kompozytéw polimerowo-drzewnych

— Wplyw parametréw pracy wytlaczarki na wlasciwosci mechaniczne rewulkanizowanego proszku

gumowego otrzymywanego z opon (j. ang.)

— Badania nad wykorzystaniem wywaru pszennego do produkcji sztywnej pianki poliuretanowo-poli-

izocyjanurowej



