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solutions are necessary to overcome the current polymer 
waste drawback. This issue can also result in the formation 
of innovative polymers with inherent recyclability [3].

Based on one report, the worldwide output for plastics 
has been 370 million tons in 2019 [4, 5]. It has been reported 
that the average plastic content of municipal solid waste is 
assessed to be 9.1 wt%, attributed to more than 13 million 
tons of plastic waste that is annually generated. Neverthe-
less, it is worth mentioning that the recycling rate for the 
plastic waste is below 10% [6, 7]. Five main commod-
ity polymers constitute municipal solid waste in Europe, 
including polyethylene (PE), polypropylene (PP), polysty-
rene (PS) polyethylene terephthalate (PET) and polyvinyl 
chloride (PVC), comprising above more than 80% of plas-
tics in Europe [4].

Polyethylene terephthalate (PET), a semi-crystalline 
thermoplastic engineering polymer, is the most commonly 
utilized polyester and one of the polymers that are exten-
sively used in packaging foods, beverages, juices and water, 

Introduction

In the recent century, disposal of polymer wastes has been 
considered a severe environmental issue, arising from both 
the accelerated industrialization and population growth. The 
accumulation of waste in the nature can lead to a variety of 
environmental issues, health problems and safety hazards, 
and minimizes sustainable production in terms of not only 
resource recovery but also waste recycling [1, 2]. By the 
generation of plastics, on which modern life and the global 
economy depends, and its highly rapid development, critical 
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Abstract
In this research work, polyethylene terephthalate (PET) and polystyrene (PS) were melt blended using glycidyl methac-
rylate-grafted styrene-block-butadiene (SbB-g-GMA) as a dual functional reactive compatibilizer and impact modifier to 
achieve a blend with stable morphology having no distinct phase separation. Accordingly, for the fabrication of the dual 
functional reactive compatibilizer, copolymerization was conducted through grafting glycidyl methacrylate (GMA) onto 
styrene-block-butadiene copolymer (SbB). Then, different compositions of the blends were prepared with various loadings 
of the compatibilizer. It was demonstrated that blending of PET with PS compatibilized with dual purpose compatibilizer 
resulted in a blend with improved toughness, thermal and mechanical properties as compared to the uncompatibilized 
blend. Moreover, it was demonstrated by the field- emission scanning electron microscopy (FE-SEM) results that although 
the unmodified PET/ PS blend was composed of large PS droplets, the PS droplets size was significantly minimized in the 
compatibilized blends, indicating better miscibility, and therefore, superior mechanical properties. The results demonstrate 
the effectiveness of the developed dual-functional compatibilizer for potential recycling of PET and PS, as two widely 
consumed polymers via a simple melt blending approach. The compatibilized blends with improved properties have great 
potential for use in a variety of applications.

Keywords  PET · PS · Polymer blends · Dual functional compatibilizer and impact modifier · SbB-g-GMA copolymer

Accepted: 13 February 2023 / Published online: 24 February 2023
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

SbB-g-GMA Copolymer as a Dual Functional Reactive Compatibilizer 
and Impact Modifier for Potential Recycling of PET and PS via Melt 
Blending Approach

Fatemeh Tahmasebi1 · Seyed Hassan Jafari2 · S. Morteza F. Farnia1

1 3

http://crossmark.crossref.org/dialog/?doi=10.1007/s10924-023-02803-3&domain=pdf&date_stamp=2023-2-23


Journal of Polymers and the Environment (2023) 31:3106–3119

arising from its excellent gas barrier properties, rigidity, 
chemical resistance, mechanical strength, versatility, light 
weight, high chemical resistance to organic materials and 
water, and the broad application temperature range [8–10]. 
PET is a non-biodegradable polymer possessing significant 
resistance to biological agents under ordinary circumstances 
[11]. Polystyrene (PS) is also the fourth largest produced 
commodity thermoplastic polymer. PS possesses numerous 
merits, and therefore, it is used in many applications. It is 
fabricated with ease, conveniently processed and recycled. 
Furthermore, it is not easily degraded by temperature and 
provides considerable stiffness and toughness values. Its 
optical transparency is considered a great advantage, mak-
ing it interesting for numerous applications, e.g., packag-
ing, insulation, automotive, etc. [12, 13].PS and PET are 
both widely used in many applications, and therefore, it is 
an urgent need to prevent their introduction to the environ-
ment by recycling or other strategies. Through blending 
two or more polymers, a variety of thermoplastic materi-
als can be recycled [10, 14, 15]. Generally, coarse unstable 
phase morphologies are observed in simple blends of vari-
ous polymers because most polymer blends are thermody-
namically immiscible, leading to deterioration of interphase 
adhesion, interfacial thickness and mechanical properties. 
All these issues can be addressed through the introduction 
of several additives, often known as compatibilizer, which 
are usually block and graft copolymers, by which compat-
ibility and properties of the blend is greatly enhanced [14, 
16, 17]. Such compatibilization generally leads to stabilized 
morphology possessing a fine dispersion of the minor phase, 
by which the macroscopic properties of the blend are sig-
nificantly affected, arising from the fact that they have ten-
dency to concentrate at the interface as emulsifiers [15, 18].

For instance, Ju et al. utilized dual compatibilizers com-
posed of styrene maleic anhydride random copolymer and 
poly[methylene (phenylene isocyanate)] for the modifica-
tion of PET/ PS blends, by which finer phase domain along 
with superior mechanical properties was obtained, arising 
from the ability of the compatibilizer to anchor along the 
interface [18]. In another study, Xing et al. reported the 
fabrication of polystyrene-block-poly(styrene-alt-maleic 
anhydride) functionalized block copolymers through RAFT 
polymerization technique for blending with PET, by which 
not only were small copolymer phase droplets formed, but 
also blends with significant thermal and mechanical proper-
ties were formed [19].

Due to inherent rigidity of both PET and PS, their com-
patibilized blends are usually not having desirable toughness 
in spite of having improved interfacial adhesion, and there-
fore, the studies focused on recycling of PET and PS via 
blending approach are very limited. It seems there is a need 
to use a compatibilizer which could improve the toughness 

of the blend of these two polymers simultaneously. Here, 
PET/PS blends were prepared by melt mixing, in which 
glycidyl methacrylate-grafted styrene-block-butadiene 
(SbB-g-GMA), as a synthesized dual functional reactive 
compatibilizer, was added to the blends for achieving a sta-
ble morphology and improved toughness. In this approach, 
reactive terminal functional groups of PET (–COOH and –
OH) are able to react with many reactive groups, such as 
anhydrides [20, 21], carboxylic acids [22, 23], oxazoline 
[24–26], epoxides [27, 28], etc. The SbB-g-GMA copolymer 
can chemically react with hydroxyl and carboxyl groups of 
PET through its side chains containing epoxy rings and, on 
the other hand, polystyrene chains of SbB-g-GMA can be 
physically miscible with the dispersed PS phase. Besides 
that, the rubbery component of the compatibilizer can act as 
an efficient impact modifier. The innovative aspect of this 
work is on possibility of recycling of PET and PS by a melt 
blending approach to obtain a tough and compatibilized 
blend with improved mechanical, thermal and morphologi-
cal properties via utilization of a synthesized SbB-g-GMA 
copolymer as a dual functional reactive compatibilizer and 
impact modifier for PET/PS blend.

Materials and Methods

Materials

The bottle grade PET, LOTTE CHEMICAL PET COOL 
with an intrinsic viscosity of 0.74 dl/g and general-purpose 
PS 1540 granules (GPPS 1540) were purchased from Lotte 
Chemical Corporation and Tabriz Petrochemical Complex 
(TPC), respectively. Before any use, the materials were 
carefully dried under vacuum at 80 °C for 3 days in order 
to reduce the moisture content. SbB (Kraton™ DX414 J) is 
a clear, linear block copolymer based on styrene and buta-
diene with bound styrene of 52% mass. GMA monomer 
and AIBN (2,2′-Azobis (2-methylpropionitrile, 98%), as 
the initiator, were provided from Sigma-Aldrich Chemical 
Co. AIBN half-life time was ca. 7.7 min at 100 °C. Xylene, 
cyclohexane and methanol solvents were supplied by Merck 
Chemical Co.

Synthesis of the SbB-g-GMA Graft Copolymer 
as a Dual Functional Reactive Compatibilizer 
and Impact Modifier

Graft copolymerization of GMA onto SbB was accom-
plished at constant stirring in a two-neck round-bottom 
flask equipped with a backflow condenser and placed in a 
temperature-controlled thermostat. As the SbB copolymer 
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(20 g) dissolved in 50 ml xylene at a constant temperature 
of 100  °C (this temperature was chosen based on boiling 
point of xylene solvent (138.4  °C) for controlling steam 
pressure of xylene and prevention of losing solvent due to 
evaporation during the reflux condensation), nitrogen purg-
ing was done during 10  min, and then, GMA monomer 
(calculation is done based on GMA/Butadiene molar ratio 
equal to 1.) and AIBN (2 wt% of Butadiene) simultane-
ously were introduced into the reaction flask. The synthesis 
continued for 4 h. After that, the reaction ended when the 
reaction vessel was opened and air entered. For removing 
unreacted monomers and homopolymerized GMA, solvent/
non solvent precipitation method with xylene/methanol and 
with xylene/acetone were done 3 times each for removing 
homopolymers of GMA. For separate the impurities such 
as un-reacted monomer and formed homopolymers which 
may remain in solvent/non solvent precipitation step the 
precipitated graft copolymer was extracted using a Soxhlet 
extractor with refluxing toluene for 3 days. After 3 days, 
no precipitate was observed [29]. The toluene-soluble frac-
tion was precipitated in methanol, and finally, the precipitate 
dried under vacuum at 80 °C overnight. The SbB-g-GMA 
copolymer weight was 24.36  g. Scheme1 represents the 
chemical grafting reaction between SbB copolymer and 
GMA monomer.

Preparation of the Blends

Before preparation of the blends, because of sensitivity 
towards degradation by moisture, PET granules and PS and 
SbB-g-GMA compatibilizer were dried at 120 °C for 12 h 
and at 80  °C for 24  h, respectively, in a vacuum oven to 
remove their moisture content. All the blends were prepared 
by melt compounding at 265 °C in a Brabender Plastograph 
internal mixer at a roller speed of 60 rpm for 7 min. At the 
end of mixing process in Brabender, the obtained molten 
bulky materials were immediately placed in between two 
metallic plates and pressed to form thick solid sheets which 
were then crushed to small pieces for subsequent compres-
sion molding process. Total weight of the materials per 
batch was 40 g. All the materials were premixed manually 
before adding to the Brabender chamber. PET polymer in 
all the blends was 70 per hundred resins by weight (wt%), 
PS content in the blends was 30 wt%, and consequently, the 
SbB-g-GMA compatibilizer amount was 0, 3, 5, 7 and 10 
phr, which were labelled for instance as 70/30/3 for PET/ 
PS/ SbB-g-GMA.

Characterization of PET/PS Blends

Thermal Analysis

Thermal stability of the blends was evaluated using Ther-
mogravimetric analysis (TGA) and Differential Scanning 
Calorimetry (DSC) measurements with SDT Q600 V20.9 
Build 20 instrument under Argon atmosphere by heating 
rate of 10 °C/min in the temperature range of 25–600 °C. 
Three different specimens were measured and averaged.

FT-IR of SbB-g-GMA

The dried SbB-g-GMA graft copolymer was characterized 
by Fourier transform infrared (FT–IR) spectroscopy using 
Equinox 55 FT–IR spectrophotometer (Bruker) in the range 
of 500–4000 cm− 1.

NMR Spectroscopy of SbB-g-GMA

1HNMR spectra was done for characterization of the SbB-
g-GMA copolymer using a Bruker 500  MHz NMR spec-
trometer. Dried graft copolymer was dissolved in C6D6 as 
the solvent at 25 °C.

Impact and Tensile Test

Tensile tests were conducted at ambient conditions by a 
SANTAM Universal Testing Machine, Model STM-50, 

Scheme 1  Schematic illustration of the synthesis route of SbB-g-GMA 
dual functional copolymer
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The mechanical properties of the pristine PET and the 
PET/PS (70/30) blend were investigated under tensile 
mode, as shown in Fig.  2. The pristine PET and PET/PS 
(70/30) blend were fractured when the elongation percent-
age reached ~ 4.6% and ~ 4%, respectively. It shows brittle 
nature of PET/PS (70/30) during tension in comparison to 
PET. Moreover, the addition of PS to PET increased the 
Young’s modulus from 2270  MPa ± 103 for neat PET to 
3020 ± 110 MPa for PET/PS (70/30), which could be attrib-
uted to the higher modulus of PS than that of PET. Further-
more, immiscibility and weak interfacial adhesion between 
PET and PS and, on the other hand, the sensitivity of elon-
gation at break and toughness to the load transfer between 
phases are some reasons for reduction of mechanical prop-
erties of PET/PS as compared to the neat PET.

It has been proved that reduction of interfacial tension 
between domains in the blend can upgrade interfacial adhe-
sion and enhance the homogenous dispersion of the dis-
persed phase in the matrix. So, it was attempted to add a 
synthetic, inherently rubbery component, as a dual func-
tional reactive compatibilizer, to the PET/PS blend for both 
modification of interfacial adhesion between PET and PS 
and obtaining better mechanical properties. Here, GMA 
monomer was grafted to the SbB copolymer backbone to 
create a tough component having reactive epoxy groups 
which can localize at the interface of PET and PS phases 
in the blend.

The Investigation of the SbB-g-GMA Graft 
Copolymer

Vibrational Study

The FT-IR spectra of purified SbB-g-GMA copolymer are 
shown in Fig. 3. The SbB peaks have appeared in 1601 cm 
− 1, related to double bond alkene stretching of butadiene 
blocks, 1448 cm − 1 and 1492 cm − 1, ascribed to aromatic 
double bond stretching vibrations, and 3021  cm − 1, cor-
responding to aromatic C-H stretching. Also, two absorp-
tion peaks at 910 and 964 cm− 1 are corresponding to = C-H 
bending of butadiene units. After the accomplishment of the 
grafting reaction, the intensity of aliphatic C-H vibration at 
2846 and 2924 cm− 1 became higher than SbB due to insert 
new hydrocarbon or aliphatic C-H parts onto the SbB dou-
ble bonds [30]. the appearance of the epoxy group peak in 
907 cm − 1, the most important evidence of grafting, and car-
bonyl (C = O) and ester groups in 1725 cm − 1 and 1140 cm 
− 1 strongly demonstrate successful grafting of GMA on SbB 
copolymer.

The other analysis conducted for the characterization 
of the SbB-g-GMA copolymer was 1HNMR (in CDCl3) 

according to the ASTM D638 method. The dumbbell-shaped 
samples were prepared by a hydraulic hot press machine 
(Model Schwabenthan 400, Germany) equipped with water 
cooling, under 80 MPa pressure at temperature of 265 °C for 
6 min. After molding the press and dumbbell-shape samples 
were immediately cooled to room temperature. The cross-
head speed was 5  mm/min. notched Izod impact strength 
was measured at ambient conditions according to the ASTM 
D256 method by an Impact Tester from SANTAM Co. of 
Iran, Model SIT-20E. The notched Izod impact specimens 
with sample dimensions of 64 mm × 12.7 mm × 3.2 mm 
and a standard notch of 2 mm in depth were also obtained 
by compression molding under 80 MPa pressure at 265 °C 
for 6  min. Three different specimens were tested and the 
average value was reported.

Scanning Electron Microscopy

Morphological observation was performed by field-emis-
sion scanning electron microscopy (FE–SEM), Model 
S–4160, Hitachi Co. of Japan. To inhibit charging in SEM, 
surfaces of specimens were coated with a gold thin film. All 
the samples were etched by THF solvent for 20 min to dis-
solve the PS phase out of the blends.

Grafting Yield Measurements

After the synthesis of the grafted SbB copolymer, by com-
paring weight of the obtained grafted SbB copolymer with 
original SbB, the grafting yield of the modified SbB was 
determined using the following equation;

Grafting yield (GY ) (%) =
Wg − Wi

Wi
× 100� (Eq. 1)

In this equation, Wg indicates the dry mass of the grafted 
SbB and Wi indicates the dry mass of initial SbB.

Results and Discussion

The Investigation of PET and PET/PS

Thermogravimetric analysis of PET and PET/PS (70/30) is 
exhibited in Fig. 1. The thermogram in Fig. 1 clearly shows 
higher thermal stability of the PET/PS blend than that of 
PET. The initial degradation temperature (TOnset) of PET/
PS was 5 °C higher than that of PET, and the weight loss of 
PET/PS and PET were 85% and 95%, respectively, indicat-
ing that PS contributed to increase thermal stability of PET 
in the blend.
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Grafting Yield Measurement

Grafting variables, e.g., concentration of monomer or initia-
tor, and the processing condition, such as time and reaction 
temperature, affect the degree of functionalization in the 
final product. After the synthesis of the grafted SbB copoly-
mer by procedure described above, by comparing weight of 
the obtained grafted SbB copolymer with original SbB, the 
grafting yield of the modified SbB obtained about 21.78%.

The Investigation of the Compatibilized PET/PS 
Blends

Compatibilizer efficiency in the PET/PS blend was evalu-
ated using tensile strength and notched Izod impact analysis.

The achieved results of tensile and impact tests are 
listed in Table  1. Yield strength increased with the addi-
tion of 3, 5, 7 phr of compatibilizer in to the PET/PS blend 
(Fig. 5a). This happened because of the elastomeric nature 

spectrometry technique, by which the micro structure of the 
SbB-g-GMA copolymer was confirmed. Figure 4 exhibits 
1HNMR spectra of the SbB-g-GMA copolymer. Aromatic 
ring protons exciting in the styrene fraction have appeared 
in 7.1 ppm, and the reference peak of CDCl3 has emerged 
in 7.28 ppm. Vinyl group protons for butadiene are also 
evident at 5 ppm for 1,2 vinyl protons, 5.4 ppm for cis-1,4 
vinyl protons and 5.45 ppm for trans-1,4 vinyl protons. 
Moreover, epoxy ring protons of GMA are shown at 2.5–4.5 
ppm. Finely aliphatic group signal in the polymer chain was 
verified at 0.7–2.2 ppm. Also, the xylene residual wasn’t 
observed in graft copolymer since there wasn’t any sharp 
and clear single peak at 2.29 ppm related to methyl groups 
on the benzene ring. Accordingly, 1HNMR spectra analysis 
showed that the copolymer was successfully synthesized 
[29, 31].

Fig. 1  TGA-curves of the pristine PET, and the PET/PS (70/30) blend
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for compatibilized PET/PS with 10 phr of SbB-g-GMA 
copolymer, it declined possibly due to crossing the criti-
cal micelle concentration and formation of separate phase 
in the PET matrix. In comparison to mechanical proper-
ties of PET/PS/SbB-g-GMA (70/30/5) with PET/PS/SMA 
75/20/5 [18] with same percent of compatibilizer, the ten-
sile strength and tensile elongation of PET/PS/SbB-g-GMA 
70/30/5 were respectively 3.4 times and 17% more than of 
the tensile strength and tensile elongation of PET/PS/SMA 
75/20/5. Also, the tensile strength of PET/PS/SbB-g-GMA 
(70/30/10) in this study was 3 times of tensile strength of 
PET/PS/SMA (75/15/10) as reported by Ming and et al. 
[33]. In the other word, upgrading mechanical properties 
can be attributed to the stable and homogenous phase mor-
phology of polymer blends, as also observed in SEM results 
[26, 34].

Figure 6 illustrates SEM micrographs of compatibilized 
and uncompatibilized PET/PS 70/30 blends with solvent 
etching by THF, as the selective solvent extraction of the 

of SbB-g-GMA, having long chains of styrene blocks mis-
cible in the PS phase and, on the other hand, GMA active 
functional groups ,which are capable of chemically reacting 
with hydroxyl and carboxyl end-groups of the PET matrix 
during melt blending, and formed SbB-g-GMA-co-PET at 
the interfacial surface of PET and PS [32]. When the more 
content of reactive compatibilizer is added to the blend, pos-
sibility of crosslinking in high temperature of melt blending 
between GMA functional groups of the SbB-g-GMA copo-
lymer is high. Furthermore, compatibilized PET/PS with 10 
phr SbB-g-GMA (PET/PS/SbB-g-GMA 70/30/10) showed 
yield strength lower than the PET/PS/SbB-g-GMA 70/30/7 
blend. As shown in Fig. 5b, the changes in Izod impact with 
changing the compatibilizer content were similar to the ten-
sile results. The compatibilizer at the interface of PET and 
PS acts as impact modifier, which absorbs impact energy 
and contribute to stress transfer between the matrix and 
minor domains. Hence, compatibilized PET/PS with 3, 5 
and 7 phr of SbB-g-GMA had Izod impact upward, while 

Fig. 2  Stress-strain curve, tensile test for PET and PET/PS (70/30 wt%)

 

1 3

3111



Journal of Polymers and the Environment (2023) 31:3106–3119

and better miscibility of PET and PS. Establishment of an 
in situ new graft copolymer that has reciprocal inclination 
between the PET and PS phases raises the size reduction 
of the dispersed PS droplets. However, the use of copoly-
mers containing GMA groups always increases viscosity 
due to the possibility of in situ polymerization. Among the 
compatibilized blends, the PET/PS/SbB-g-GMA copolymer 
(70/30/7 phr), even compared to the 70/30/10 phr PET/PS/
SbB-g-GMA copolymer blend, has a very small dispersed 
PS domain and an indistinguishable interfacial area. It 
would be concluded that the addition of more compatibil-
izer, because of its affinity to locate at the interface of PET 
and PS, results in the agglomeration of the compatibilizer 
at the interface and therefore, the 70/30/10 phr PET/PS/
SbB-g-GMA copolymer has a clear phase contrast com-
pared to the PET/PS/SbB-g-GMA copolymer (70/30/7 phr) 
blend. Furthermore, it was found that the ultimate optimized 
value of the compatibilizer improved both mechanical and 

PS phase. Spherical-domain (PET)/matrix (PS) morphol-
ogy is observed for the PET/PS blends. Through increas-
ing the quantity of the SbB-g-GMA compatibilizer, PS large 
droplets in the uncompatibilized PET/PS blend regularly 
progressed to reduce in size, and obtained a fine dispersion 
of PS domains in the PET matrix. For 7 phr compatibilized 
PET/PS compared to 10 phr PET/PS, the phase dispersion 
is better and surface morphology is smoother. According to 
micrographs shown in Fig. 6, in the uncompatibilized blend, 
co-continuous structure, different size and large spherical 
PS particles can be easily identified while in the presence of 
the compatibilizer, the PS phase is well dispersed in the PET 
matrix and size of PS particles is decreased. Moreover, the 
phase contrast is not very perspicuously recognized. In fact, 
the physicochemical affinity of each segment of the SbB-
g-GMA copolymer to each immiscible polymer (PET and 
PS), and the formation of the PET-co-GMA-g-SbB copoly-
mer at the interface of the blend during melt compounding 
lead to stronger interfacial adhesion, greater interfacial area 

Fig. 3  The chemical structure analysis using FT-IR for the unmodified SbB copolymer and the SbB-g-GMA graft copolymer
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morphological properties of PET/PS blends with 7 phr of 
SbB-g-GMA [18, 33–36].

To further testify the effect of the SbB-g-GMA dual 
functional compatibilizer content on the thermal stabil-
ity of the prepared PET/PS composites and as a part of the 
characterization, TGA curves of pure PET/PS (70/30) and 
its compatibilized blends were tested and plotted in Fig. 7. 
The relevant thermal decomposition parameters, such as the 
onset decomposition temperature (Tonset) and the residual 
weight (%), are listed in Table 2. It can be seen that Tonset 
has gradually increased from 380 °C, for PET/PS (70/30), 

Table 1  Yield stress and elongation at break of PET/PS blends
Composition of the 
blend

Tensile 
modulus 
(MPa)

Elonga-
tion @ 
break (%)

Impact 
strength 
(kJ/m2)

Peak 
area 
(J/g)

PET/PS (70/30) 3020±110 4.00 ± 0.14 1.80 ± 0.17 246
PET/PS/SbB 
g-GMA(70/30/3)

2801 ± 210 6.27 ± 0.35 2.10 ± 0.08 521

PET/PS/
SbB-g-GMA(70/30/5)

2530 ± 80 6.45 ± 0.24 2.20 ± 0.14 538

PET/PS/SbB 
g-GMA(70/30/7)

2250 ± 119 7.03 ± 0.41 2.70 ± 0.15 596

PET/PS/SbB 
g-GMA(70/30/10)

2360 ± 123 6.80 ± 0.22 2.00 ± 0.11 566

Fig. 4  1HNMR spectra of the SbB-g-GMA copolymer
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the increase in GMA side group led to reduction of Tonset. 
In fact, the association of excess amount of unreacted of 
GMA side chains in the interphase can weaken the adhe-
sion between compatibilizer and matrix and reduce the ther-
mal stability of blend. Furthermore, all three components of 
PET/PS/SbB-g-GMA ternary blend have aromatic ring in 
their structure which helps in char formation. Accordingly, 
the residual weight of blends increases with an increase in 
compatibilizer content.

to 406 °C, for PET/PS/SbB-g-GMA with inclusion of 7 phr 
of SbB-g-GMA to the blend, illustrating that the addition of 
SbB-g-GMA to PET/PS has enhanced its thermal stability. 
The addition of 10 phr of SbB-g-GMA to the PET/PS blend 
not only resulted in higher residual char content due to exis-
tence more aromatic structure content in the 70/30/10 blend 
but also led to lower Tonset than the PET/PS blend contain-
ing 7 phr of the compatibilizer. It would be concluded that 
the presence of additional amount of the compatibilizer and 

Fig. 5  (a) Stress-strain curves, 
and (b) Notched Izod impact of 
PET/PS and their compatibilized 
blends in (70/30/X SbB-g-GMA)
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Fig. 6  SEM micrographs of the etched surfaces of (A) PET/PS (70/30) and in presence of (B) 3 phr, (C) 5 phr, (D) 7 phr and (E) 10 phr of the 
SbB-g-GMA compatibilizer
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250  °C in all the DSC curves is related to melting peak 
temperature (Tm) of the PET phase in PET/PS blends. It is 
clearly observed that Tm of PET has shifted to lower tem-
peratures with the increase in the compatibilizer content. In 
fact, the crystal imperfections and crystal size distribution 
parameters may be affecting the melting peak width. On 
increasing the crystal size distribution, the melting peak is 
widening. It can be caused by the presence of SbB-g-GMA 
at the interface and in situ-formation of the graft copolymer 
have both prevented a perfect crystal growth and impeded 
the crystallization of the PET component in the compatibil-
ized blends [18, 35, 36].

Conclusion

Possibility of recycling of PET and PS was investi-
gated via a melt mixing approach using a dual functional 
compatibilizer. For enhancing the blends properties, 

The DSC heating scan for the prepared PET/PS blends 
before and after compatibilization is represented in Fig. 8. 
In all cases, the endotherm peaks between the temperature 
of 100 and 200 °C was attributed to the residual moisture 
or volatile solvents in the samples. Several peaks appeared 
about 380 °C are related to thermal decomposition of sam-
ples, as seen in the TGA results. For ternary blends in com-
parison to PET/PS (70/30) blend the number of peaks are 
more that shows the complexity of decomposition stage 
in the ternary blends due to a greater number of polymeric 
components. On the other side the endotherm peak at around 

Table 2  TGA outputs for different compositions of PET/PS.
Composition Tonset (°C) Residual weight (%)
PET/PS (70/30) 380.0 14.7
PET/PS/SbB-g-GMA (70/30/3) 385.9 13.1
PET/PS/SbB-g-GMA (70/30/5) 399.8 15.8
PET/PS/SbB-g-GMA (70/30/7) 406.1 18.7
PET/PS/SbB-g-GMA (70/30/10) 391.1 19.0

Fig. 7  TGA thermograms of the PET/PS and PET/PS/SbB-g-GMA blends with different contents of the compatibilizer
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properties. As mentioned before, in the developed ternary 
blends of PET/PS/SbB-g-GMA, the PET plays the role of 
matrix. So the developed PET/PS/SbB-g-GMA blend can be 
utilized in wide range of applications in automotive indus-
try such as fabrication of engine cover, wiper arm and gear 
housings, head lamp retainer, and connector [37] in addition 
to houseware,, it can be utilized in building and construc-
tions and packaging applications too.
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GMA	� Glycidyl methacrylate
AIBN	� 2,2’-Azobis(isobutyronitrile)
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glycidyl methacrylate-grafted styrene-block-butadiene 
(SbB-g-GMA) as a dual purpose reactive compatibilizer 
and impact modifier was first synthesized via grafting GMA 
onto SbB, and then, added to the blends in order to obtain 
a stable morphology with no distinct phase separation and 
with improved impact properties. Different blends with 
various amount of compatibilizer were prepared, and their 
thermal, morphological and mechanical properties were 
investigated. It was found that through the incorporation of 
7 phr of the SbB-g-GMA compatibilizer, into the blend, as 
the optimum value, the best tensile and notched Izod impact 
strength as well as the highest thermal stability could be 
achieved as compared to the blend with no compatibilizer 
and with those having different loadings of the compatibi-
lizer. Additionally, FESEM results indicated that although 
the unmodified PET/ PS blend was composed of large PS 
droplets, the PS droplets size was significantly minimized 
in the compatibilized blends, especially in the blend with 
7 phr of the SbB-g-GMA compatibilizer, indicating better 
miscibility, and therefore, superior thermal and mechanical 

Fig. 8  DSC heating curves of PET/PS and PET/PS/SbB-g-GMA blends (At heating rate: 10 °C/min)

 

1 3

3117



Journal of Polymers and the Environment (2023) 31:3106–3119

macromolecular chain extenders synthesized by controlled radi-
cal polymerization. J Polym Environ 26:4221–4232

17.	 Chen C-W, Liu P-H, Lin F-J, Cho C-J, Wang L-Y, Mao H-I, 
Chiu Y-C, Chang S-H, Rwei S-P, Kuo C-C (2020) Influence of 
different molecular weights and concentrations of poly (glyc-
idyl methacrylate) on recycled poly (ethylene terephthalate): 
a thermal, mechanical, and rheological study. J Polym Environ 
28:2880–2892

18.	 Ju M-Y, Chang F-C (2000) Compatibilization of PET/PS 
blends through SMA and PMPI dual compatibilizers. Polymer 
41:1719–1730

19.	 Xing S, Li R, Tang P (2015) Synthesis and microphase separation 
of PS-b‐P (MA‐alt‐St) Block Copolymers and their ionomers for 
the design of polymer crystallization Nucleation Agents. Macro-
mol Chem Phys 216:301–313

20.	 Araujo LMG, Morales AR (2018) Compatibilization of recycled 
polypropylene and recycled poly (ethylene terephthalate) blends 
with SEBS-g-MA. Polímeros 28:84–91

21.	 Papadopoulou C, Kalfoglou N (2000) Comparison of compatibil-
izer effectiveness for PET/PP blends: their mechanical, thermal 
and morphology characterization. Polymer 41:2543–2555

22.	 Xanthos M, Young M, Biesenberger J (1990) Polypropylene/
polyethylene terephthalate blends compatibilized through func-
tionalization. Polym Eng Sci 30:355–365

23.	 Fasce L, Seltzer R, Frontini P, Pita VR, Pacheco E, Dias M (2005) 
Mechanical and fracture characterization of 50: 50 HDPE/PET 
blends presenting different phase morphologies. Polym Eng Sci 
45:354–363

24.	 Jeziórska R (2001) PET/R-PP/PC blends by two‐stage reactive 
extrusion: effect of polypropylene reactively functionalized with 
an oxazoline group on morphology and mechanical properties. 
Macromolecular Symposia. Wiley Online Library, pp 21–28

25.	 Jeziórska R (2003) Mica as a filler for PET scrap/oxazoline 
functionalized polyethylene blends. Macromolecular Symposia. 
Wiley Online Library, pp 147–154

26.	 Han KH, Jang MG, Juhn KJ, Cho C, Kim WN (2018) The Effects 
of Compatibilizers on the morphological, mechanical, and Opti-
cal Properties of Biaxially oriented poly (ethylene terephthalate)/
Syndiotactic polystyrene blend Films. Macromol Res 26:254–262

27.	 Pracella M, Chionna D (2004) Functionalization of Styrene-
Olefin Block Copolymers by Melt Radical Grafting of Glycidyl 
Methacrylate and reactive blending with PET. Macromolecular 
Symposia 218:173–182

28.	 Pan Y, Wu G, Ma H, Zhou S, Zhang H (2020) Improved compat-
ibility of PET/HDPE blend by using GMA grafted thermoplastic 
elastomer. Polymer-Plastics Technol Mater 59:1887–1898

29.	 Cordella CD, Cardozo NS, Neto RB, Mauler RS (2003) Func-
tionalization of styrene–butadiene–styrene (SBS) triblock copo-
lymer with glycidyl methacrylate (GMA). J Appl Polym Sci 
87:2074–2079

30.	 Alidadi-Shamsabadi M, Shokoohi S (2021) Melt free-radical 
grafting of glycidyl methacrylate (GMA) onto EPDM backbone 
and effect of EPDM-g-GMA on the morphology and mechanical 
properties of PS/EPDM/PA6 ternary blends. Polyolefins J 8:1–9

31.	 Shao H, Qin S, Guo J, Wu B (2015) Melt grafting copolymeriza-
tion of glycidyl methacrylate onto acrylonitrile-butadiene-styrene 
(ABS) terpolymer. Sci Eng Compos Mater 22:391–398

32.	 Pracella M, Chionna D (2004) Functionalization of Styrene-
Olefin Block Copolymers by Melt Radical Grafting of Glycidyl 
Methacrylate and reactive blending with PET. In Macromolecular 
Symposia. Wiley Online Library, pp 173–182

33.	 Ju MY, Chang FC (1999) Polymer blends of PET–PS compatibil-
ized by SMA and epoxy dual compatibilizers. J Appl Polym Sci 
73:2029–2040

Declarations

Conflict of interest  The author declares that they have no conflict of 
interest.

Consent for publication  All authors agreed to publish.

References

1.	 Özsin G, Pütün AE (2018) A comparative study on co-pyrolysis 
of lignocellulosic biomass with polyethylene terephthalate, poly-
styrene, and polyvinyl chloride: synergistic effects and product 
characteristics. J Clean Prod 205:1127–1138

2.	 Herbert GJ, Krishnan AU (2016) Quantifying environmental 
performance of biomass energy. Renew Sustain Energy Rev 
59:292–308

3.	 Hong M, Chen EY-X (2019) Future directions for sustainable 
polymers. Trends in Chemistry 1:148–151

4.	 Thakur S, Verma A, Sharma B, Chaudhary J, Tamulevicius S, 
Thakur VK (2018) Recent developments in recycling of polysty-
rene based plastics. Curr Opin Green Sustainable Chem 13:32–38

5.	 Kumar R, Verma A, Shome A, Sinha R, Sinha S, Jha PK, Kumar 
R, Kumar P, Shubham, Das S, Sharma P, Vara Prasad PV (2021) 
Impacts of Plastic Pollution on Ecosystem Services, Sustainable 
Development Goals, and need to Focus on Circular Economy and 
Policy Interventions. Sustainability 13:9963

6.	 Williams PT, Slaney E (2007) Analysis of products from the 
pyrolysis and liquefaction of single plastics and waste plastic 
mixtures. Resour Conserv Recycl 51:754–769

7.	 Hannequart J (2004) Good practice guide on waste plastics recy-
cling: a guide by and for local and regional authorities. Associa-
tion of cities and regions for recycling (ACRR), Belgium

8.	 Khan ZI, Mohamad ZB, Rahmat ARB, Habib U, Abdullah NASB 
(2021) A novel recycled polyethylene terephthalate/polyamide 11 
(rPET/PA11) thermoplastic blend. Progress in Rubber, Plastics 
and Recycling Technology 37:233–244

9.	 Sangroniz L, Ruiz J, Sangroniz A, Fernández M, Etxeberria A, 
Müller A, Santamaria A (2019) Polyethylene terephthalate/low 
density polyethylene/titanium dioxide blend nanocomposites: 
morphology, crystallinity, rheology, and transport properties. J 
Appl Polym Sci 136:46986

10.	 Sulyman M, Haponiuk J, Formela K (2016) Utilization of recy-
cled polyethylene terephthalate (PET) in engineering materials: a 
review. Int J Environ Sci Dev 7:100

11.	 Chowreddy RR, Nord-Varhaug K, Rapp F (2019) Recycled poly 
(ethylene terephthalate)/clay nanocomposites: rheology, thermal 
and mechanical properties. J Polym Environ 27:37–49

12.	 Baltá-Calleja FJ, Cagiao M, Adhikari R, Michler G (2004) Relat-
ing microhardness to morphology in styrene/butadiene block 
copolymer/polystyrene blends. Polymer 45:247–254

13.	 Rao AR, Yeolekar SM, Patel NP (2021) Synthesis of Styrenic 
Triblock Copolymer and its application in polyester blends. In 
Macromolecular Symposia. Wiley Online Library, p 1900201

14.	 Chen CC, White JL (1993) Compatibilizing agents in polymer 
blends: interfacial tension, phase morphology, and mechanical 
properties. Polym Eng Sci 33:923–930

15.	 Heino M, Kirjava J, Hietaoja P, A seppa“la” J (1997) Compatibi-
lization of polyethylene terephthalate/polypropylene blends with 
styrene–ethylene/butylene–styrene (SEBS) block copolymers. J 
Appl Polym Sci 65:241–249

16.	 Benvenuta Tapia JJ, Hernández Valdez M, Cerna Cortez J, Díaz 
García VM, Landeros Barrios H (2018) Improving the rheo-
logical and mechanical properties of recycled PET modified by 

1 3

3118



Journal of Polymers and the Environment (2023) 31:3106–3119

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law. 

34.	 Maa CT, Chang FC (1993) In situ compatibilization of PET/
PS blends through reactive copolymers. J Appl Polym Sci 
49:913–924

35.	 Wellen RMR (2014) Effect of polystyrene on poly (ethylene tere-
phthalate) crystallization. Mater Res 17:1620–1627

36.	 Jang LW, Lee KH, Lee DC, Yoon JS, Chin IJ, Choi HJ, Lee KH 
(2000) Alternating copolymers as compatibilizer for blends of 
poly (ethylene terephthalate) and polystyrene. J Appl Polym Sci 
78:1998–2007

37.	 Begum SA, Rane AV, Kanny K (2020) Applications of compatibi-
lized polymer blends in automobile industry. In compatibilization 
of polymer blends. Elsevier, pp 563–593

1 3

3119


	﻿SbB-g-GMA Copolymer as a Dual Functional Reactive Compatibilizer and Impact Modifier for Potential Recycling of PET and PS via Melt Blending Approach
	﻿Abstract
	﻿Introduction
	﻿Materials and Methods
	﻿Materials

	﻿Synthesis of the SbB-g-GMA Graft Copolymer as a Dual Functional Reactive Compatibilizer and Impact Modifier
	﻿Preparation of the Blends

	﻿Characterization of PET/PS Blends
	﻿Thermal Analysis
	﻿FT-IR of SbB-g-GMA
	﻿NMR Spectroscopy of SbB-g-GMA
	﻿Impact and Tensile Test
	﻿Scanning Electron Microscopy
	﻿Grafting Yield Measurements

	﻿Results and Discussion
	﻿The Investigation of PET and PET/PS

	﻿The Investigation of the SbB-g-GMA Graft Copolymer
	﻿Vibrational Study
	﻿Grafting Yield Measurement
	﻿The Investigation of the Compatibilized PET/PS Blends

	﻿Conclusion
	﻿References


