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Abstract 
Over the past 50 years demand for plastics drastically increased worldwide resulting in plastic wastes causing serious 
environmental problems. The main market sector of European plastics industry is the packaging industry most of which 
are polyolefins and poly(ethylene-terephtalate). In the EU, 29.1 million tonnes of plastic waste were collected in 2018, of 
which 32.5% was recycled, 42.6% was recovered for energy, and 24.9% was landfilled (Plastics-the Facts, 2019). Although 
landfilling of collected waste in the EU is steadily declining, there is still too much unused waste. Polymer blends based on 
waste resources can solve the issues of recycling. The main purpose of the research was to produce polymer blends from 
waste based PET that have appropriate mechanical properties and rheological behaviour as well in order to find application 
areas where product requirements are not strict. Blends containing waste based PET were extrusion moulded and calenderd 
producing extrusion strings and films. Rheological and tensile properties of three types of PET/engineering thermoplastic 
blends (PET/PC, PET/PA and PET/ABS) were studied. Miscibility of components of the blends is limited leading to weak 
mechanical properties such as low tensile strength and/or elongation at break. Due to that phenomenon compatibilizing addi-
tives are also required. As compatibilizing additives olefin-maleic-anhydride copolymer based additives have been used in our 
experiments. Structure of additives differed from each other both in ratio and length of carbon chains of compounds linked 
to maleic-anhydride groups. Blends have been studied with PET content ranging from 10 to 90%. As an outstanding result 
improving of mechanical properties was achieved, for example almost 40% growth was observed in elongation at break of 
extruded 80/20 PET/PA blends in the presence of 0.2% compatibilizing additive compared to the sample without additive, 
meanwhile its strength has also improved.
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Abbreviations
PET  Polyethylene terephthalate
PA  Polyamide
PC  Polycarbonate
ABS  Acrylonitrile Butadiene Styrene
PP  Polypropylene
LDPE  Low-Density Polyethylene
PS  Polystyrene
FT-IR  Fourier-transform infrared spectroscopy
HDPE  High-density polyethylene
MFI  Melt Flow Index
MVR  Melt Volume Rate
A1  Additive 1
A2  Additive 2
A3  Additive 3
SEM  Scanning Electron Microscope

Statement of Novelty

Production of polymer blends based on waste resources can 
contribute to the solution of the urgent recycling issues. 
Experimental olefin-maleic-anhydride copolymer based 
additive have been used in PET/PA, PET/PC and PET/ABS 
blends for improving miscibility between the phases. The 
main characteristics of the additive are the viscous consist-
ency as a result it can be used in masterbatch form and there 
is possibility to set the ratio of functional group resulting 
in distinct additive efficiency. The use of the experimental 
additive provides an opportunity to process waste PET with 

other engineering plastics (such as polyamide) and to use 
the resulting composite in areas where mechanical require-
ments are not strict. The effect of additive can be influenced 
by selecting the matrix material.

Introduction

Over the recent few decades significant innovation has begun 
in the field of polymer blending because polymer blends 
considered as a mechanical mixture of two or more compo-
nents are novel materials that can be able to carry individual 
properties of the raw materials and also reveal some syner-
gistic effects [1].

Taking advantage of compatibilization technology high 
performance polymer blends have been introduced to the 
market and have appeared in many areas of everyday life 
thanks to their successful application [2, 3]. For instance, 
with development of the PC/ABS blend one of the most 
successful polymer blends have been commercialized, that 
is widely used in the automotive and electronics industries 
[2]. However only certain types of polymers can be mixed 
with each other since there are limited miscibility between 
the components in the most cases. Each polymer blend has 
a miscibility limit that defines the extent of the miscibility 
range [4]. The lack of mutual solubility of components of 
blends can cause weaker mechanical properties than those 
of the starting materials. One reason for that may be the 
poor interfacial interaction. When producing blends with 
appropriate mechanical properties, the greatest attention 
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should be paid to improving the degree of miscibility. One 
of the possibilities to eliminate the mentioned phenomenon 
is to apply compatibilizing additives with different structures 
that are able to create a “bridge” between the two polymers, 
therefore influence the interfacial interactions in an advanta-
geous way.

Besides producing new polymer blends with exceptional 
properties, blending of polymers also plays an important role 
in waste management. Namely different types of waste poly-
mer recyclates can be processed together or partially mixed 
with original raw materials using compatibilizing additives, 
thus blending techniques allow a smaller use of commercial 
raw materials [3].

In 2018, world production of plastics reached almost 360 
million tonnes, in Europe (EU28 + NO/CH) it was almost 62 
million tons [5]. The consequence of increasing user demand 
for plastics and at the same time its major disadvantage is 
the mass production of plastic waste. Although recycling 
of plastic waste in the EU has been increasing rapidly since 
2006, in 2018 25% of plastic waste was still landfilled. In 
Europe (EU28 + NO/CH) 32.5% of the 29.1 million tonnes 
of plastic waste collected in 2018 was recycled (81% within 
the EU, 19% in non-EU countries), 42.6% was recovered for 
energy and 24.9% was dumped [5]. The legislation enforced 
to protect the environment require the development of more 
and more up-to-date recycling methods. Mechanical recy-
cling can be one of the most economical, feasible and eco-
efficient solutions for the recycling of plastic waste [6]. In 
Europe, packaging is the leading market sector of the plas-
tics industry, with a significant proportion of different types 
of polyethylenes, polypropylenes and poly(ethylene-tereph-
talate) [7, 8]. Poly(ethylene-terephthalate) is a partially crys-
talline thermoplastic polyester with excellent mechanical 
properties and transparency. In 1973, Nathaniel Wyeth pat-
ented PET bottles, which were spread explosively as pack-
aging for disposable soft drinks in the 1980s [9]. Regard-
ing the use of PET bottles, soft drinks and mineral water 
bottles make up the largest proportion, but it can be found 
in a wide range of packaging, such as food, cosmetics and 
pharmaceutical industries as well. In recent years, numer-
ous studies have focused on the blends containing PET and 
other thermoplastic polymers, such as the characteristics of 
blends of PET/PP [10], PET/LDPE [11], PET/ABS [12, 13], 
PET/PS [14], PET/PA [15] and PET/PC [16, 17]. Hydrolytic 
and thermal degradation of polyester macromolecules is a 
major problem in the production of PET containing blends 
[18]. That problem in PET/engineering thermoplastic blends 
was primarily due to the fact that the polymer blend is pro-
cessed at a temperature of about 260 °C or higher because 
PET has a high melting temperature which increases the 
rate of degradation of macromolecular chains [18, 19]. The 
other problem was the incompatibility of components that 
can lead to weak interfacial interaction hence blends have 

weak mechanical properties as well [19]. Therefore, focus 
of the experiment was waste based poly(ethylene-terephta-
late) which was one of the raw materials of PET/engineer-
ing thermoplastic blends produced. In the present research 
properties and compatibilization with experimental olefin-
maleic-anhydride copolymer based additives of different 
composition of PET/engineering thermoplastic blends were 
investigated. The main motivation of the present research is 
to make waste PET mechanically recyclable in the presence 
of different types of engineering plastics. Quality-enhanced 
blends of PET and engineering plastic (e.g. PET/PA) with 
an effective compatibilizer can be used in areas where the 
mechanical requirements are not strict and on the other hand 
it is possible to replace a smaller proportion of raw materi-
als of commercially available engineering plastic (e.g. PA) 
products with waste PET. Thus, our purpose is to produce 
waste based blends with appropriate mechanical properties 
and easily processable flow properties as well.

Experimental

Materials and Characterization

Two different types of waste based poly(ethylene-terephta-
late) were used in our experiment. One was a real industrial 
waste based PET regranulate analyzed by FT-IR spectros-
copy indicating polyolefin impurities coming from cap and 
label of PET bottles, the other waste material was PET bot-
tles without any polyolefins. The latter raw material was 
collected at Department of MOL Hydrocarbon and Coal Pro-
cessing. Selectively collected PET bottles were homogenized 
by extrusion molding after grinding and pelletized. Prior to 
extrusion molding, PET chips were conditioned at 60 °C 
for 16 h. Spectra of the two PET materials showed the same 
functional groups otherwise, the most characteristics peak 
appeared at 1718 cm−1 belonging to the stretching vibration 
of carbonyl groups in the polymer chain (“Appendix 1”).

Engineering Thermoplastics

The engineering thermoplastics were commercial, ABS 
(POLYLAC PA-737, density (23  °C): 1.04 g/cm3; MFI 
(200 °C, 5 kg): 2.6 g/10 min), PC (PANLITE L-1225L, 
density (23 °C): 1.20 g/cm3; MVR (300 °C, 1.2 kg):18 
 cm3/10 min) and PA (DOMAMID 6AV, density (23 °C): 
1.14 g/cm3; MVR (275 °C, 5 kg): 165  cm3/10 min).

Polyolefins

Matrix materials of masterbatches were polyolefins, two dif-
ferent types of polypropylene (MOPLEN EP300K; density 
(23 °C): 0.9 g/cm3; MFR (230 °C, 2.16 kg): 4.0 g/10 min, 
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and BRASKEM H734-52; density ( 23 °C): 0.9 g/cm3; MFR 
(230 °C, 2.16 kg): 52 g/10 min) and a HDPE (HOSTALEN 
GC7260; density (23  °C): 0.960  g/cm3; MFR (190  °C, 
2,16 kg): 8.0 g/10 min).

Compatibilizing Additives

As compatibilizing additives four distinct types of additives 
were applied, one was the commercial maleic-anhydride 
grafted polypropylene (LICOMONT AR504) supplied 
by Clariant GmbH (density: 0.91  g/cm3, acid number: 
41 mg KOH/g sample), the other three additives [20] were 
experimental olefin-maleic-anhydride copolymer based 
types (“Appendix 2”) synthesized at Department of MOL 
Hydrocarbon and Coal Processing used in the form of 
masterbatches.

Infrared spectroscopy was required to determine the pre-
sumable functional groups of the olefin-maleic-anhydride 
copolymer based additives used, FT-IR spectra were shown 
in “Appendix 3”. Between the 3000 and 2800 cm−1 the 
stretching vibrations of the methyl and methylene groups 
appeared, the first two peaks belong to the asymmetric 
vibrations, the last two are the symmetric stretching vibra-
tions of the groups. Wavenumber range of 1900–1650 cm−1 
(“Appendix 4”) contained vibrations of anhydride and imide 
rings (1860–1778 cm−1), half-ester, esteramide and imide 
groups (1720–1660 cm−1). The differences in the additive 
structures were manifested in the ratio of the anhydride, 
half-ester, ester-amide and imide functional groups. While 
additive “A1” had higher ratio of anhydride, “A2” had higher 
ester-amide and imide ratio, and “A3” had higher ratio of 
half-ester functional group. Table 1 summarizes typical 
properties of the experimental additives.

Before preparing blends with compatibilizing additives, 
MFI and tensile properties of masterbatches were deter-
mined whether the additives had any softening effect.

MFI measurements were carried out at 230 °C accord-
ing to safety data sheet of the polymer. Masterbatch con-
taining additive “A1”, viscosity decreased compared to the 

corresponding polyolefin (except the masterbatch contain-
ing Braskem type PP), resulting in increase in MFI values, 
so two of the masterbatches had softening effect. Among 
masterbatches containing additive “A2”, only one (with 
MOPLEN type PP) had softening effect, the others had no 
softening effect.

Masterbatches containing additive “A3” had higher MFI 
values than the polyolefins, so the additive “A3” could func-
tion as a plasticiser in the additive/polyolefin system. Addi-
tives in Braskem type PP caused drastic decrease in MFI, 
therefore not the plasticizing but other effect could be behind 
the trend.

Methods

Sample Preparation

Before sample preparation, hygroscopic raw materials were 
conditioned at least for 16 h at 60 °C in a drying oven to 
minimalized hydrolytic degradation. To achieve proper 
homogeneity of the samples, engineering thermoplastics 
were extrusion moulded by a laboratory twin screw extruder 
(LABTECH Engineering Company LTD LTE 20-44) 
adjusted with 125 1/min screw speed. Moreover with the 
same extrusion screw speed films were produced by a twin 
screw extruder with a chill roll (LABTECH Engineering 
Company LTD LTE 20-40 and Chill Roll LCR300). After 
preparing blends samples were cut out for tensile tests. 
Length of samples were 12 cm for extruded samples, for 
films the width was 30 mm, the length was 10 cm. Average 
thickness of the films was 0.05 mm. For rheological tests 
and MFI measurements extruded samples were pelletized. 
Masterbatches were produced by a two-roll mill (LabTech 
Engineering Ltd., LRM-100) at 140–180 °C and friction 
ratio was set to 32.8:18.7.

Measurements

As one of the essential requirements for polymers is their 
resistance to various stresses, therefore qualification on the 
basis of mechanical properties is indispensable. Mechani-
cal properties of PET/engineering plastic blends were 
determined using tensile, rheological and MFI measure-
ments. Tensile tests were carried out using an INSTRON 
3345 universal tensile testing machine, on extruded strings 
with 90 mm/min, on films with 50 mm/min crosshead speed 
under 55% relative humidity and at 21 °C. 11 parallel meas-
urements were carried out on extruded strings unconditioned 
and conditioned at 60 °C and 105 °C, and 7 parallel mesure-
ments were accomplished in case of films on unconditioned 
samples and on samples conditioned at 60 °C.

Rheological behavior of blends were investigated in the 
low shear rate range, between 2 and 3000 1

s

 or 2–10,000 1
s

 

Table 1  Typical properties of the experimental olefin-maleic-anhy-
dride copolymer based additives

Feature A1 A2 A3

Acid number, mg 
KOH/g sample

46.4 37.9 36.7

Saponification number, 
mg KOH/g sample

157.3 72.5 101.3

Ratio of the functional groups
 Anhydride 0.2437 0.1135 0.1115
 Half-ester 0.3621 0.3205 0.3926
 Ester-amide 0.1971 0.2830 0.2480
 Imide 0.1971 0.2830 0.2480
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using a CEAST Smart RHEO 2000 capillary rheometer. The 
granulates were conditioned at 60° C for 4 h before the test. 
Rheological tests were executed under 275 °C with 180 s or 
360 s preheating time. Flow properties of the masterbatches 
and the extruded blends were also examined by MFI meas-
urement in accordance with MSZ EN ISO:1133-2:2012. 
Structural changes of the blends as a result of the compati-
bilization of components and/or processing procedure were 
investigated by Fourier Transform infrared spectroscopy 
(Shimadzu IRTracer-100) with zinc selenide ATR crystal 
(Fig. 1).

Results and Discussion

Properties of Blends Without Compatibilization

Engineering thermoplastics in different compositions of 
PET/PC, PET/ABS and PET/PA systems was studied via 
tensile properties of specimens after conditioning at 60 °C 
and 105 °C for 4 h, moreover rheological tests and scanning 
electron microscopy (SEM) images were taken Figure 2.a 
illustrated the rheological behavior of PET/PC blends with 
70%, 60% and 50% PET-content. Shape of the viscosity 
curves of PET/PC blends revealed that the higher PET-con-
tent in the blend the more stable the viscosity curve. Vis-
cosity curve of the sample with 50% PET-content became 
unstable at a shear rate of about 50 1

s

 (log 1.7), which may 
indicate molecular build-up or degradation, in the case of 
60% PET-content, the curve became more unstable from 
about 200 1

s

 (log 2.3) shear rate. In terms of the tensile prop-
erties, such as tensile strength, it was observed that all of the 
PET/PC specimens conditioned at 105 °C had higher values 

than specimens after conditioning at 60 °C (“Appendix 5”). 
In contrast, the values of elongation at break were reversed, 
lower values were measured after conditioning at 105 °C, 
for example in the case of blend with 70% PET content the 
difference was circa 190% (“Appendix 6”).

Conditioning PET/ABS extruded strings at 105  °C 
resulted in higher tensile strength (“Appendix 7”) further-
more the values improved as the PET content increased in 
blends. Elongation at break of PET/ABS blends (“Appen-
dix 8”) was much lower than that of PET/PC blends. In that 
case the effect of conditioning at higher temperature was not 
decisive on the elongation at break.

Considering viscosity curves of PET/ABS blends 
(Fig. 2b), the decrease of the viscosity curve of sample con-
taining 70% PET was the most intense, viscosity curves of 
blends with lower PET-content were more unstable.

Elongation at break of PET/PA samples (“Appendix 9”) 
improved with increasing PET content if conditioning at 
60 °C. That tendency towards tensile strength (“Appen-
dix 10”) cannot be determined. Viscosity curves of PET/
PA blends (Fig. 2c), showed decreasing dynamic viscosity 
with a decrease in PET-content. Drastic decrease in the elon-
gation at break was measured after conditioning at higher 
(105 °C) temperature. That was probably due to the spon-
taneous recrystallization of PET above 70 °C causing the 
specimens to loose their elasticity. Thus, it was concluded 
that the crystallinity of PET dominated in the blends after 
conditioning at 105 °C, but the degree of miscibility was 
decisive after conditioning at 60 °C.

All in all, after conditioning the specimens at two tem-
peratures, tensile strength and elongation at break of the sev-
eral composition of PET/PC blends were proved to be more 
advantageous comparing to PET/PA and PET/ABS blends. 

Fig. 1  MFI values of master-
batches with different additive 
concentration (0.1%, 0.2%, 
0.5%) with distinct types of 
matrix materials
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PET/ABS and PET/PA blends performed unfavorably not 
only in tensile strength but also in elongation at break. Com-
paring rheological results of PET/PA, PET/ABS and PET/
PC, the shape of viscosity curves of the blends with higher 
PET content (70%) was found to be the most stable. For the 
other composition, greater or lesser changes were observed 
in the test range, which could mean degradation or struc-
ture buildings from reactions between the two components 
or/and the accompanying components of blends. All of the 
three engineering thermoplastics examined with PET indi-
cated only a limited degree of miscibility in the blends that 
was supported by SEM images (Fig. 3), because separation 
of matrix and disperse phases appeared. In terms of mor-
phology, only PET/PA showed a fibrous structure related to 

blends of PET/PC and PET/ABS in case of the same PET 
content. The phases are roughly separated from each other 
in the case of all three blends, therefore, it can be stated 
that the morphological structure was not homogeneous. The 
main aim of the compatibilization is to make the morphol-
ogy smoother and more uniform structure after the addition 
of the additive, since as long as the surface is not uniform 
and phase separation is presented, the blend shows weak 

Fig. 2  Viscosity curves of PET/PC (a), PET/ABS (b) and PET/PA (c) 
blends containing 50%, 60% and 70% PET at 275 °C

Fig. 3  SEM images of 70/30 PET/PA blend (a), PET/PC blend (b) 
and PET/ABS blend (c)
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adhesion, improvement in mechanical properties cannot be 
achieved.

Infrared spectroscopy was used to compare the effect 
of addition of different types of engineering plastics on 
the typical stretching vibrations of PET. For comparison 
3000–2800 cm−1 wavenumber range (Fig. 4) was investi-
gated, asymmetric stretching vibrations of methyl and meth-
ylene groups appeared at 2967 cm−1 and 2920 cm−1, respec-
tively, besides symmetric stretching vibration of methylene 
group at 2851 cm−1 [21]. Ratio of  CH2/CH3 belonging to the 
typical wavenumbers were calculated to be 0.03, 4.85 and 
1.48 for 50% ABS, PC and PA respectively. The sequence of 
the ratio was as expected based on the monomer composi-
tion of the different types.

PET/PA Blends

The effects of compatibilizing additives were investigated 
in blends containing waste PET with polyolefin impurities 
might be originated from cap or label of the bottles. Three 
different types of experimental olefin-maleic-anhydride 
copolymer based additives and a commercial one (LICO-
MONT AR504) were used to improve the miscibility of PET 
and PA. Olefin-maleic-anhydride copolymer based addi-
tives were added to the blends in the form of a masterbatch. 
Matrix materials of masterbatches were two types of poly-
propylene (BRASKEM H734-52 and MOPLEN EP300K) 

and the other was a high density polyethylene (HOSTALEN 
GC7260). Because the commercial additive was available 
in powder form, it was easy to add in small amounts to the 
blends, so there was no need for preparing a masterbatch. 
The characteristics of four different compositions (90/10, 
80/20, 20/80 and 10/90) of PET/PA blend are presented 
without and in the presence of compatibilizing additives.

First of all the tensile properties of blends without any 
compatibilizing additives were investigated since the poly-
olefin contamination can modify the characteristics of PET 
blends. Figure 5 illustrated the values of tensile modulus and 
elongation at break of specimens in the case of three differ-
ent conditioning temperature (25 °C, 60 °C and 105 °C). It 
can be highlighted that the rigidity was persisted for speci-
mens conditioned at 105 °C so the polyolefin impurities 
did not change anything in spontaneous recrystallization. 
Conditioning at 60 °C was also affected slightly the rigid-
ity of specimens. That trend could be monitored very well 
through the values of tensile modulus and elongation at 
break, namely elongation at break of specimens decreased 
continuously with increasing temperature of conditioning.

The plasticizing effect of additive can be seen in the val-
ues of elongation at break in the case of three composition of 
PET/PA (90/10, 80/20 and 20/80). Comparing tensile prop-
erties of 80/20 PET/PA blends containing PP (MOPLEN 
EP300K) and HDPE (HOSTALEN GC7260) based master-
batch, there were differences measured, circa 160 MPa in 

Fig. 4  FT-IR spectra of PET/ABS, PET/PA and PET/PC containing 50% PET between the wavenumber range of 2800 cm−1 and 3000 cm−1
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tensile modulus and about 25% differences in elongation at 
break. Figure 6 illustrated tensile properties of blends with 
additive “A2” containing the three different types of matrix 
material in the masterbatches.

Three types of olefin-maleic-anhydride copolymer based 
additives were investigated incorporated into the MOPLEN 
EP300K matrix before extrusion with PET and PA. Influence 
of additives was dependent on the composition of PET/PA 
(“Appendix 11”). For instance the additive “A3” had the 
most unfavourable effect on the 90/10 blend, whereas it was 

the most advantageous in the case of 10/90 PET/PA blend. 
For elongation at break additive “A2” performed well in 
compositions of 90/10, 80/20 and 20/80. In either case, addi-
tive “A1” had no advantageous effect on tensile properties 
with the exception of tensile strength of 80/20 composition.

80/20 and 20/80 PET/PA were chosen to the investigation 
of effects of compatibilizer concentration (0.1%, 0.2%, 0.5%) 
in the masterbatch on the mechanical properties. Viscosity 
of only the masterbatch containing the highest (5%) additive 
concentration increased (Table 2), thus it did not show any 

Fig. 5  Tensile modulus and 
elongation at break of PET/PA 
in the case of three different 
conditioning temperature

Fig. 6  Tensile properties of PET/PA blends with additive “A2” containing three different types of matrix material
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plasticizing effect, but masterbatches containing 1% and 2% 
additive had a reduced viscosity, therefore increased MFI 
compared to neat polypropylene.

Tensile strength was adversely influenced by additive 
concentrations of 0.1% and 0.5%, moreover, lower tensile 
strength were measured not only compared to the blends 
with 0.2% additive, but values also decreased compared to 
the blend without additive however standard deviation was 

Table 2  MFI values of 
masterbatches containing “A2” 
additive with PP (MOPLEN 
EP300K) matrix material

Additive concentra-
tion, %

MFI, g

10min

0 4.8 ± 0.1
1 7.1 ± 0.1
2 6.2 ± 0.1
5 3.3 ± 0.1

Fig. 7  Tensile strength and tensile modulus of 80/20 and 20/80 PET/PA blends

Fig. 8  FT-IR spectra of PET/PA blends without and with masterbatch containing PP matrix material between the wavenumber range 4000 cm−1 
and 600 cm−1
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not negligible. In the case of 80/20 PET/PA composition, 
additive concentration absolutely had no effect, 0.2% addi-
tive showed only a slight improvement. Additive concentra-
tion had a greater effect on the tensile strength in the case of 
20/80 PET/PA blend, the most preferred concentration was 
0.2%. Thus, considering the three additive concentrations, 
using additive “A2” in 0.2% concentration was regarded 
the most favourable for developing tensile strength in the 
presence of MOPLEN EP300K polypropylene as matrix in 
the masterbatch. In terms of tensile modulus, the effect of 
a masterbatch containing 0.1% additive was found to be the 
most favourable, however effectiveness of higher additive 
concentrations only slightly differed. In regard to the elonga-
tion at break significantly lower value was measured in the 
case of 20/80 PET/PA composition in the presence of 0.5% 
additive compared to the blend containing 0.2% additive and 
the additive free blend.

All in all, the additive “A2” was advantageously used in 
the 0.2% concentration both in 80/20 and 20/80 PET/PA 
blends (Fig. 7), since it had the most favourable influences 
on tensile strength and on elongation at break among the 
three concentrations studied. FT-IR spectra of 80/20 PET/PA 
blend showed differences in the ratio of some peaks (Fig. 8). 
Between 3000 cm−1 and 2800 cm−1 wavenumber range, 
asymmetric stretching vibrations of methyl and methylene 
groups appeared at 2947 cm−1 and 2920 cm−1, respectively, 
besides symmetric stretching vibration of methylene group 
at 2851 cm−1. Table 3 summarized ratio of  CH2/CH3 belong-
ing to the typical wavenumbers.

Peaks did not appear at 2920 cm−1 and 2947 cm−1 in 
the case of blend without additive, for blends containing 
masterbatches, the a/b ratios were decreased with increasing 
additive concentration. Ratio of e/f increased with increas-
ing additive concentration, changes of c/d ratio was not 
remarkable.

Peaks of methyl functional groups did not appear in the 
spectrum of additive-free blend, therefore, ratio of methyl-
ene and methyl groups could not be calculated. The ratio of 

methylene and methyl groups changed with additive concen-
tration in the blends. Ratio of amide type functional groups 
had the highest value in the additive free sample as expected. 
In the presence of additives 30% lower ratio was calculated 
than for additive-free samples and due to the amide content 
ratio slightly changed with additive concentration. The two 
different types of carbonyl stretching vibration shifted by 
additive introduction, ratio of the vibrations increased with 
additive concentration in the samples.

Further studies were carried out to investigate the effect 
of additive concentrations, whereby the rheological behav-
iour of the blends were measured by a capillary rheometer. 
In terms of viscosity curves of 80/20 composition dynamic 
viscosity of the additive free sample was the lowest up to 
50 1

s

  (log (γ) = 1.7), the viscosity of the sample containing 
0.2% and 0.5% additive was slightly higher, the highest 
viscosity was represented by the blend produced with the 
lowest concentration of additive. Excepting additive free 
sample, blends showed smaller or larger instability in each 
case from shear rate of 1500 1

s

  (log (γ) = 3.18).
The instability of the curves, as well as the higher vis-

cosity of the blends containing 0.1% and 0.5% additive, 
could suggest that molecular structure build-ups might 
took place as a result of the compatibilizing effect.

Table 3  Ratio of functional groups in the case of 80/20 PET/PA 
blends with different additive concentrations

a

b

=
2920 cm

−1

2947 cm−1
(1)

c

d

=
1640 cm

−1

3298 cm−1
(2)

e

f

=
1717 cm

−1

1759 cm−1
(3)

Blend composition Additive con-
centration, %

Ratio of functional groups
a

b
(1)

c

d
(2)

e

f
(3)

80/20 PET/PA – – 9.1 49.9
80/20 PET/PA 0.1 2.0 6.0 44.5
80/20 PET/PA 0.2 1.7 5.4 96.6
80/20 PET/PA 0.5 1.6 6.5 231.9

Fig. 9  Comparison of the effect of additive concentration on rheolog-
ical behaviour of PET/PA blends containing 80% PET (a) and con-
taining 80% PA (b) at 270 °C
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Viscosity curves of blend containing 80% polyamide 
became more stable by the addition of the compatibilizer, 
the blends containing the 0.1% and 0.2% additive showed 
the most stable curve.

Higher viscosity increase was observed in the presence 
of the highest (0.5%) additive concentration (Fig. 9) in the 
1500–3000 1

s

  (log (γ) = 3.18–3.48) shear rate range, which 
could be a sign of the build-up by compatibility. Achieving a 
shear rate of 3000 1

s

 (log (γ) = 3.48), a noticeable protrusion 
can be seen in the curve of blends containing 0.1% and 0.2%, 
due to the aforementioned compatibility.

In the shear rate range of 2–10,000 1
s

 (log (γ) = 0.3 − 4), 
on average, the blend containing 0.2% additive (Fig. 9) had a 
lower dynamic viscosity among the two most stable curves, 
which is considered to be more advantageous in terms of 
processing the polymer blend.

SEM images of 80/20 and 20/80 PET/PA blends with 
0.2% additive and without it are presented in Fig.  10. 

Morphology of the undoped sample differs slightly con-
trasted to the sample containing masterbatch comparing 
undoped and doped PET/PA blends with a composition of 
80/20 (Fig. 10a, b). It can be seen that there is more of the 
dispersed part in the matrix resulting in a less finer morphol-
ogy. The PET/PA sample containing additive shows more 
homogeneous structure, there are fewer dispersed parts in 
the image. Considering the SEM images of PET/PA with 
20/80 composition, phase separation can be noted in case 
of additive-free blend. Small spherical dispersed parts are 
observed in the matrix, which may also indicate polyolefin 
contaminants of PET. The less homogeneous surface shows 
weak adhesion between phases. In case of the blend made 
with the addition of masterbatch, a more fibrous structure 
were developed, spherical parts cannot be found, the mor-
phological structure is more homogeneous. Morphology 
became more homogeneous as a result of the addition of 
compatibilizers, less dispersed phases can be separated for 

Fig. 10  SEM images of 80/20 PET/PA blend without compatibilizer (a) and with masterbatch containing 0.2% compatibilizing additive (b), 
furthermore SEM images of 20/80 PET/PA blend without compatibilizer (c) and with masterbatch containing 0.2% compatibilizing additive (d)
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both PET/PA compositions. As a conclusion the results of 
mechanical properties were confirmed by SEM images.

Conclusion

In that research mechanical properties of PET blends with 
ABS, PC and PA were investigated in the form of extruded 
strings. Waste PET was investigated for environmental rea-
sons, one was a real industrial waste based PET regranulate 
containing polyolefin impurities coming from cap and label 
of PET bottles, the other waste material was selectively col-
lected PET bottles without any polyolefins. Mechanical and 
rheological properties of the blends indicated limited mis-
cibility between the components that was also confirmed 
by SEM images showing the separation of dispersed and 
matrix phases. Consequently, a sufficient compatibilization 
was essential, therefore the effect of three different types of 
experimental compatibilizing additives were studied in vari-
ous compositions of PET blends. The differences in the addi-
tive structures were manifested in the ratios of the anhydride, 
half-ester, ester-amide and imide functional groups. Experi-
mental additives were used in the form of masterbatches 
with different types of polyolefins as matrix materials for 
easier processing. Influences of matrix materials on the addi-
tive efficiency were studied in two types of polypropylene 
and in a high density polyethylene. The experimental “A2” 
marked olefin-maleic-anhydride copolymer based additive 
with high ratio of nitrogen containing functional groups with 
polypropylene (MOPLEN EP300K) matrix showed favour-
able effect on mechanical properties. With the advantageous 
masterbatch, extruded strings in composition of 80/20 and 
20/80 PET/PA showed beneficial properties regardless of 
conditioning, in addition to their excellent elongation at 
break, improvements in both tensile strength and tensile 
modulus were observed. The blends have been examined 
using three different additive concentrations (0.1%, 0.2% and 
0.5%) with PP matrix material, among them 0.2% additive 
concentration was proved to be the most effective. Hence, it 
was managed to produce an additive structure which could 
be effective in extruded blends with both higher waste PET 
content and higher PA content.
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