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ABSTRACT 
 
 
 
 

 
The effects of two types of compatibilizers and halloysite nanotubes (HNT) 

on poly(ethylene terephthalate) (PET)/polypropylene (PP) blends were investigated. 

Blends of PET/PP in various compositions ranging from 20 – 50 wt% of PP were 

prepared via twin screw compounding. Polypropylene grafted maleic anhydride (PP-

g-MAH) and styrene-ethylene/butylene-styrene grafted maleic anhydride (SEBS-g-

MAH) at composition 0 – 10 phr respectively were used as compatibilizers. 

Mechanical test showed that when PP was incorporated into PET, tensile modulus 

increased significantly. Both tensile and flexural strengths of the blends showed 

considerable improvement at 4 phr PP-g-MAH and the impact strength of the blends 

significantly increased at 8 phr of SEBS-g-MAH. Scanning electron microscopy 

micrographs confirmed the excess amount of compatibilizer induced agglomerations 

that limited the enhancement of the mechanical properties. PET/PP/PP-g-MAH 

70/30/4 phr was chosen as the optimum composition for the next series of study.  

The incorporation of HNT into compatibilized blends increased all the mechanical 

properties. Thermogravimetric analysis data showed that the thermal stability of 

compatibilized PET/PP filled with HNT was higher than the unfilled blends, while 

the limiting oxygen index test showed that flammability decreased with the 

increasing amount of HNT. Transmission electron microscopy revealed that there 

were interactions between HNT and compatibilized PET/PP blend. X-ray diffraction 

analyses indicated limited intercalation of HNT occurred in PET/PP nanocomposites. 

Fourier transform infrared spectroscopy analysis showed the existence of hydrogen 

bonds between silicon monoxide of HNT with the polar groups of PET and PP-g-

MAH. The optimum composition in terms of mechanical properties of 

compatibilized PET/PP filled HNT was achieved at 2 phr loading of HNT.  
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ABSTRAK 

 
 
 
 

Kesan dua jenis penserasi dan tiub nano haloisit (HNT) pada campuran poli 

(etilena teraftalat) (PET)/polipropilena (PP) telah disiasat. Campuran PET/PP dalam 

komposisi yang terdiri daripada 20 - 50% PP telah disediakan menggunakan adunan 

skru berkembar. Polipropilena tercangkuk malik anhidrida (PP-g-MAH) dan stirena-

etilina/butadiena-stirena tercangkuk malik anhidrida (SEBS-g-MAH) dengan 

komposisi campuran masing-masing dari 0 - 10 phr telah digunakan sebagai 

penserasi. Ujian mekanikal menunjukkan bahawa apabila PP dimasukkan ke dalam 

PET, tegangan modulus meningkat dengan ketara. Kedua-dua tegangan dan kekuatan 

lenturan campuran menunjukkan peningkatan yang besar pada 4 phr PP-g-MAH dan 

kekuatan hentaman kesan daripada campuran meningkat dengan ketara pada 8 phr 

SEBS-g-MAH. Mikroskopi elektron penskanan mengesahkan jumlah penserasi yang 

berlebihan cenderung untuk mendorong penggumpalan yang mengehadkan 

peningkatan sifat-sifat mekanik. PET/ PP/PP-g-MAH 70/30/4 phr telah dipilih 

sebagai komposisi optimum bagi siri kajian yang seterusnya. Penambahan HNT ke 

dalam campuran berpenserasi telah meningkatkan semua sifat mekanikal. Analisis 

termogravimetri menunjukkan bahawa kestabilan haba PET/PP berpenserasi diisi 

HNT adalah lebih tinggi daripada campuran tidak berpengisi manakala, ujian indeks 

pengehad oksigen menunjukkan kebolehbakaran menurun dengan peningkatan 

jumlah HNT. Mikroskop elektron penghantaran menunjukkan bahawa terdapat 

interaksi antara HNT dan campuran penserasi PET/PP. Analisis pembelauan sinar-X 

menunjukkan berlaku interkalasi terhad antara HNT dan campuran PET/PP. Analisis 

spektroskopi inframerah transformasi fourier menunjukkan kewujudan ikatan 

hidrogen antara silikon monoksida dari HNT dengan kumpulan berkutub dari PET 

dan PP-g-MAH. Komposisi optimum dari segi sifat mekanikal PET/PP berpenserasi 

diisi HNT dicapai pada 2 phr HNT. 
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CHAPTER 1 

 
 
 
 

INTRODUCTION 

 
 
 

 
1.1 Background of the study 

 
 
Blending is a technique in which at least two polymers are added together to 

create a new material with enhanced properties or reduced cost. It offers the 

advantage of reduced research and development expense compared to the 

development of new monomers and polymers to yield a similar property profile 

(Koysuren et al., 2010). The role of polymer blend technology is pervasive in the 

products of our everyday life. In the rapidly emerging technology, polymer blend can 

quickly respond to the developing needs, much faster than the time needed in 

creating new monomer or developing new polymer. As a result, many research have 

been done to explore the advantages of the polymer blends.  

 
 
Several studies on polyethylene terephthalate (PET) blends with other 

polymers such as high density polyethylene (HDPE), polyamide 6 (PA6), and 

polystyrene (PS) has been investigated ( Ávila and Duarte, 2003; Retolaza et al. 

2005; and Ryan and Brian, 2008).  PET is a low cost high performance thermoplastic 

polymer resin of the polyester resin. It is commonly used nowadays in synthetic 

fibers, thermoforming, electronics and packaging applications. PET may exist both 

as an amorphous  and as a semi-crystalline polymer depending on its processing and 

thermal history. The semi crystalline material might appear transparent or opaque
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and white depending on its crystal structure and spherulite size. Currently, blends of 

PET with other polymers have been extensively investigated in order to explore new 

applications of PET other than packaging and electronics (Lee et al., 2000 and Ryan 

and Brian, 2008). PET offers many excellent physical properties. Nevertheless, the 

shortcomings of PET such as low impact strength, low rate of crystallization and low 

heat distortion temperature (HDT) have limited the use of its in certain applications 

(Wang et al., 2006). 

 
 

The combination of polypropylene (PP) with PET offers some advantages 

due to the attractive properties of PP such as low density and high HDT. PP could 

facilitate crystallization of PET by heterogeneous nucleation and further raising 

blend stiffness (Papadopoulou and Kalfoglou, 2000). In addition, the lower 

permeability of PET towards water vapor and oxygen could be usefully utilized in 

packaging materials if the morphology of the alloy is optimized. PET/PP blend could 

be expected to combine the barrier properties of both components since the 

permeability of PET to gases is much lower than PP and permeability to water is 

higher than PP. The moisture sensitivity of PET may reduce due to the hydrophobic 

nature of PP and facilitate crystallization of PET (Papadopoulou and Kalfaglou, 

2000).  

 
 
 Most of the physical blends are highly incompatible and this includes PET/PP 

blend. Hence, the constituents tend to form aggregations, resulting in separated 

phases that lead to inhomogeneous blends with poor interphase adhesion resulting in 

poor mechanical properties. It is also difficult to obtain a good dispersion in polymer 

blends, particularly for combinations of nonpolar with polar polymers (Calcagno et 

al., 2008). In order to overcome the problem of immiscible blend, some 

modifications of the interfaces or compatibilization are then necessary to obtain 

useful polymeric product with desired properties.  

 
 
 There are many types of compatibilizers used in PET/PP blends. Some of the 

compatibilizer that are widely used are polypropylene grafted maleic anhydride (PP-

g-MAH), LLDPE-g-MAH, maleic anhydride grafted styrene-ethylene/butylene-
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styrene (SEBS-g-MAH), polypropylene grafted acrylic acid (PP-AA) and vinyl 

acetate (EVA) based graft copolymers (Lim and Chow, 2012; Calcagno et al., 2008; 

Wang et al., 2006; Papadopoulou and Kalfaglou, 1999; Oromiehie et al., 1997; and 

Dimitrova et al., 2000). In this study, PP-g-MAH and SEBS-g-MAH were used as 

the compatibilizers because it has been proven both of the compatibilizers provide 

good dispersion in the blends, thus, improve the compatibility of blends and PET and 

PP composites (Lim and Chow, 2012; Calcagno et al., 2008; Papadopoulou and 

Kalfaglou, 2000;  Oromiehie et al., 1997).      

 
 
Nowadays, there are many applications which demands the use of the 

reinforced materials and development of nanocomposites has been widely used with 

this purpose. In addition, polymer nanocomposite can often offer property profile 

combinations that are not easily obtained with new polymeric structures. The 

numerous inorganic fillers such as montmorillonite (MMT), halloysite nanotubes 

(HNT) and carbon nanotubes (CNT) are being used in the polymer composite 

industry with the objectives of reduction in the overall cost as well as acquiring the 

required material properties (Calcagno et al., 2008; Du et al., 2010 and Yesil and 

Bayram, 2011).  

 
 
 
 
1.2 Problem statements 

 
 

It is known that PET/PP blends are incompatible. In order to overcome the 

compatibility issues and improved properties of PET/PP blends, the compatibilizer 

was added into the blends. Although compatibilized PET/PP blends may have good 

properties, continues effort must be done to improve the materials to be more 

competitive. 

 
 
In recent years, halloysite nanotubes (HNT) have been widely used to 

reinforce the polymer matrices such as PP, ethylene propylene diene monomer 

(EPDM) and PA 6. The incorporation of HNT can improve the properties of blends 

significantly. Addition of HNT can increase impact strength without sacrificing 
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flexural modulus, strength and thermal stability. Besides that, a previous study 

suggested that HNT is promising as flame retardant fillers (Du et al., 2006). In 

addition, HNT are much cheaper than other nanoparticles such as CNT, thus in this 

study, HNT will be used to produce PET/PP composites. 

 
 

Studies of the effect of HNT on polymer nanocomposites of various matrices 

have been investigated (Jia et al., 2009; Marney et al., 2008; Ismail et al., 2009 and 

Handge et al., 2010). Study on the effect of HNT on PET/PP composites however 

has not been reported.   

 
 
 
 

1.3 Objectives of research 

 
 
The main objective of this study is to develop a new material with better 

mechanical and flammability properties based on compatibilized PET/PP composites 

filled with  halloysite nanotubes (HNT) as fillers. The main objective can be further 

divided into: 

 

1) To determine the effects of blend ratio on the mechanical properties of 

PET/PP blends. 

2) To study the effects of compatibilizers types and loading on the 

mechanical properties of the PET/PP blends. 

3) To investigate the effect of HNT loading on the mechanical and 

flammability properties of the PET/PP nanocomposites. 

4) To study the effects of HNT loading on the thermal and morphological 

properties of the PET/PP blends. 
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1.4 Scope of research 
 
 

This research involved the preparation of samples (uncompatibilized and 

compatibilized PET/PP blend and PET/PP nanocomposites) includes the following 

stages: 

i) Dry blending, 

ii) Melt blending of samples,  

 
Twin screw extruder was used to produce pellets of PET/PP blends followed 

by injection moulding of PET/PP. The content of PP was varied from 0, 20, 30, 40, 

50 and 100 wt% each. Two different types of compatibilizer, which are PP-g-MAH 

and SEBS-g-MAH were added into PET/PP blends. The ratios of PP-g-MAH and 

SEBS-g-MAH were varied from 0, 2, 4, 6, 8 and 10 phr each. The inorganic fillers, 

HNT were used to reinforce the polymer matrix while equally improving the 

mechanical and flammability properties of the composite. HNT ratios were at 0, 2, 4, 

6, 8 and 10 phr. 

 
 

The tests below were done for characterization of the samples: 

i) Mechanical properties of PET/PP blending with varying percentages of  PP, 

compatibilizers and HNT were determined especially, 

a) Tensile properties (ASTM D638) 

b) Flexural properties (ASTM D790) 

c) Impact properties (ASTM D256) 

 
ii) Scanning Electron Microscopy (SEM) were carried out to examine the phase 

morphology of the uncompatibilized and  compatibilized PET/PP blends with 

different ratios of PP and compatibilizers loading. 

iii) The flammability properties of PET/PP nanocomposites with varying 

percentages of HNT were investigated using Limiting Oxygen Index (LOI) test in 

accordance to ASTM 2863. 

iv) Thermogravimetric Analysis (TGA) was done to determine the thermal 

stability and thermal properties of the nanocomposites. 
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v) X-ray Difraction (XRD) Analysis and Transmission Electron Microscopy 

(TEM) were carried out to examine the phase morphology of the nanocomposites. 

vi) Fourier Transform Infrared Spectroscopy (FTIR) was done to characterize the 

functional group exist in compatibilized PET/PP blend filled with HNT.
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