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Abundant amount of polyethylene terephthalate (PET) waste is becoming a serious 

problem in our country due to high consumption of various products such as soft-

drink bottle, food container, etc. The non-biodegradability of PET is the major 

obstacle to dispose this waste using conventional method such as landfilling and 

incineration, and thus causing impact to environment, economics and human 

health. Chemical recycling is one of the option that can be acceptable based on the 

principle of environmental sustainability, leading to the conversion of waste into 

the raw materials (monomers) from which the polymer itself is made. It has been 

reported to be effective for depolymerization of polyethylene terephthalate (PET) 

that can be carried out under mild condition of temperature 190°C and 1-2 MPa 

pressure, in which bis-2-hyrdroxyethyl terephthalate (BHET) monomer, can be 

easily produced. The objective of this study to further investigate the glycolysis 
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reaction for depolymerization of PET waste into BHET monomer and also studies 

on heating mechanism using convection-conductive and microwave irradiation. 

Parameters affecting the glycolysis reaction being investigated, namely the effect of 

catalyst concentration (ratio PET:catalyst), solvent concentration (ratio EG:PET), 

glycolysis reaction time, reaction temperature and selection of catalysts. Zinc 

acetate is found to be the best catalyst compares to zinc chloride, sodium 

bicarbonate and titanium (IV) oxide. The optimal operating conditions for 

glycolysis has found at 196°C in 5:1 ratio PET:EG with 1.5% catalyst: PET ratio in 

the presence of zinc acetate catalyst in 8 hours reaction with conversion achieving 

88% and 75% composition of BHET monomer. In microwave heating glycolysis, 

reaction at 196°C with 5:1 ratio EG:PET, 1.5% catalyst: PET, in 30 minutes of 

reaction time resulting a product conversion of 76% with 71% BHET. 

Characterization and identification of glycolysis products (GP) through physical, 

thermal and chemical analysis conclude that the main component in the GPs consist 

of bis 2-hydroxyethyl terephthalate (BHET) monomer together with other high 

chain oligomers and dimers. A comparison between different heating mechanism 

techniques reported that microwave heating has superior productivity in PET 

conversion with 8 times shorter time consumption than conventional heating 

method. It also provides positive result in the economical aspect with the 

production can reach 14 times higher with 40% cost and 32% energy consumption 

than that observed in the conventional heating technique. 
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Lambakan jumlah sisa polietilena tereptalat (PET) menjadi masalah yang serius di 

negara kita disebabkan penggunaan yang tinggi pelbagai jenis produk seperti botol 

minuman ringan, bekas makanan dan lain-lain. Ketidaklupusan secara semulajadi 

PET menjadi penghalang utama untuk melupuskan sisa ini melalui kaedah 

konvensional seperti timbus tanah dan insinerasi, lantas mengakibatkan kesan pada 

alam sekitar, ekonomi dan kesihatan manusia.  Kitar semula kimia merupakan satu 

pilihan yang boleh diterimapakai berdasarkan prinsip kelestarian alam sekitar, yang 

menyumbang terhadap penukaran sisa kepada bahan mentah (monomer) daripada 

mana suatu polymer itu diperbuat. Glikolisis dilaporkan efektif untuk 

depolimerisasi PET pada keadaan yang sederhana, iaitu pada suhu 190°C dan 

tekanan 1-2MPa dimana boleh menghasilkan monomer bis 2-hiroksietil tereptalat 
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(BHET). Objektif pengajian ini adalah untuk melanjutkan kajian tindakbalas 

glikolisis untuk depolimerisasi PET kepada monomer BHET. Kajian pada 

mekanisma pemanasan menggunakan perolakan-konduksi dan pancaran gelombang 

mikro turut ditekankan. Parameter-parameter yang mempengaruhi tindakbalas 

glikolisis juga dikaji, iaitu kesan kepekatan mangkin (nisbah PET: mangkin), 

kepekatan pelarut (nisbah PET:EG), masa tindakbalas glikolisis, suhu tindakbalas  

dan pemilihan mangkin. Zink asetat didapati menjadi mangkin paling sesuai 

berbanding zink klorida, sodium bikarbonat dan titanium (IV) oksida. Keadaan 

optimum untuk glikolisis adalah pada suhu 196°C, nisbah 5:1 (w/w%) EG:PET 

dengan 1.5% nisbah mangkin:PET dengan kehadiran mangkin zink asetat pada 8 

jam tindakbalas, dengan penukaran mencapai 88% dimana 75% adalah komposisi 

monomer BHET. Keadaan optimum untuk pemanasan gelombang mikro adalah 

pada 196°C, 5:1 (w/w%) nisbah EG:PET, 1.5% mangkin:PET dalam 30 minit masa 

tindakbalas menghasilkan penukaran 76% dengan 71% BHET. Pencirian dan 

identifikasi produk-produk glikolisis (GP) melalui analisis fizikal, terma dan kimia 

telah mendapati komponen utama GP terdiri daripada monomer BHET bersama 

oligomer lain dan dimer berantai panjang. Perbandingan antara mekanisma 

pemanasan glikolisis yang berlainan ini telah mendapati pemanasan gelombang 

mikro menunjukkan produktiviti yang luar biasa dengan penukaran maksimum 

PET dicapai dalam masa 8 kali kurang penggunaan masa daripada kaedah 

konvensional. Ia juga menghasilkan keputusan yang positif dalam aspek ekonomi 

dengan penghasilan boleh mencapai 14 kali ganda dengan 40% dan 32% 

pengurangan kos dan tenaga berbanding dengan teknik pemanasan konvensional 



© C
OPYRIG

HT U
PM

v 

 

 
 

ACKNOWLEDGEMENTS 
 
 

“In the name of Allah, the most Benevolent and Merciful” 
 
 
 
 

Alhamdulillah to Allah S.A.W for giving me the high patience, the beneficial 

knowledge, the good healthy and the strength in writing until this thesis can be 

completed. To my beloved “abah” and “ummi”, I am grateful for all your 

encouragement and understanding. I would like to express my sincerest 

appreciation for the advice and guidance from Assoc. Prof. Dr. Norhafizah 

Abdullah, Assoc. Prof. Dr. Salmiaton Ali, Prof. Dr. Azni Idris and Dr. Rozita 

Omar. I acknowledge the assistance and technical support provided by the 

lecturers, technicians, researchers and science officers at Department of 

Chemical Engineering. Thanks a lot for the help and concern from my friendly 

and cheerful group of fellow students such as  Mustapha, Taha, Wan,Yusof, 

Fadh, Zaza, Jehan, Meg, Nadh, Syafiqa, Maziah, Hasliza, Yana, Toybah, 

Mustika, Azian, Hafiz, Kiwi, Shahir, Chong, and especially Neena, also others 

that I fail to remember. My gratitude also dedicated to the Universiti Putra 

Malaysia for the financial support given under Graduate Research Fellowship 

(GRF) to successfully carry out this study. Finally, to those I forgot to mention, 

thank you very much. 

 
 



© C
OPYRIG

HT U
PM

ix 

 

TABLE OF CONTENTS 
Page 

 
ABSTRACT         i 
ABSTRAK         iii 
ACKNOWLEDGEMENTS       v 
APPROVAL         vi 
DECLARATION        vii 
LIST OF TABLES        xiii 
LIST OF FIGURES        xv 
LIST OF NOMENCLATURES      xviii 
LIST OF ABBREVIATIONS AND ACRONYM    xix 
 

CHAPTER 

 

1 INTRODUCTION       1 

1.1 Background of study      1 

1.2 Problem Statement      3 

1.3 Research Objectives      5 

1.4 Scope of study         5 

1.5 Thesis layout       5 

 

2 LITERATURE REVIEW      8 

2.1 Polyethylene Terephthalate      8 

 2.1.1   History of PET and its market consumption  9 

 2.1.2 Properties of PET     10 

 2.1.3 Production of PET     11 

 2.1.4 Reactant Selection for Production of PET  12 

 2.1.5 Types of polymerization process for the   16 

  production of PET polymer  

2.1.6 Type of physical state polymerization of PET 17 

2.1.7 Bis-2-hydroxyethyl terephthalate (BHET) monomer 18 

2.1.8 Application of BHET monomer   19 

2.1.9 PET waste management    20 

 



© C
OPYRIG

HT U
PM

x 

 

2.2 Chemical Recycling via Depolymerization   26 

2.2.1 Introduction      26 

2.2.2 Hydrolysis for Chemical Recyling of PET  27 

2.2.3 Methanolysis for Chemical Recycling of PET 30 

2.2.4 Aminolysis for Chemical Recycling of PET  33 

2.2.5 Glycolysis for Chemical Recycling of PET  35 

2.3 Development Glycolysis technique for depolymerization  38 
of PET          

2.4 Microwave Assisted Technique (MAG)   39 

2.4.1 Introduction      39 

2.4.2 Advantages of microwave heating   40 

2.4.3 Microwave heating mechanism   40 

2.4.4 Polarization      41 

2.4.5 Application of microwave assisted technique  43 

 
 

3 MATERIALS AND METHODOLOGY    45 

 3.1 Materials        45 

  3.1.1 Poly(ethylene terephthalate) waste   45 

  3.1.2 Catalysts      46 

  3.1.3 Ethylene glycol     47 

  3.1.4 Methanol      48 

 3.2 Experimental Set-up      48 

3.3 Experiment procedures and design of    52 
glycolysis experiment      

 3.4 Product Recovery      54 

 3.5 Glycolysis Product Characterization    55 

  3.5.1 Thermal Gravimetry Analyzer (TGA)  55 

3.5.2 Differential Scanning Calorimetry (DSC)  56 

3.5.3 High Performance Liquid Chromatography   57 
(HPLC) 

  3.5.4 Scanning Electron Microscope Analysis  58 

  3.5.5 X-Ray Diffraction (XRD)    59 



© C
OPYRIG

HT U
PM

xi 

 

4 RESULTS AND DISCUSSION     61 

4.1 Optimization of Glycolysis Reaction Using CCHG   62 
Mechanism 

  4.1.1 Effect of catalyst concentration (ratio catalyst: PET) 62 

  4.1.2 Effect of solvent concentration (ratio EG:PET) 65 

  4.1.3 Effect of reaction time    67 

  4.1.4 Effect of reaction temperature   70 

  4.1.5 Effect of different types of catalyst   72 

4.2  Characterization of Glycolysis products of PET glycolysis 76  

4.2.1 Physical characterization                76 

4.2.2 Thermal analysis     78 

4.2.3 Chemical analysis     86 

4.3 Optimization of glycolysis reaction using microwave  92 
assisted heating mechanism 

4.3.1 Effect of catalyzed system under microwave  92 
Heating 

 4.3.2 Effect of reaction time in MAG   93 

4.3.3 Effect different type of catalysts in MAG  97 

4.4 Characterization of glycolysis product from    102 
PET glycolysis by microwave assisted heating (MAG) 

4.4.1 Physical Analysis     102 

4.4.2 Thermal analysis     104 

4.4.3 Chemical analysis     110 

4.5 Comparison between conventional heating (CCHG) and  115 
microwave assisted heating (MAG) used in  
glycolysis depolymerization of polyethylene terephthalate  
(PET) 
  
4.5.1 Conversion of glycolysis products using glycolysis  116 

under CCHG versus MAG reaction system 

4.5.2 Comparison of the characterization products  120 
characteristics between microwave assisted  
glycolysis (MAG) and conventional heating  
glycolysis (CCHG) 

   



© C
OPYRIG

HT U
PM

xii 

 

      5  CONCLUSION AND RECOMMENDATION    134 

 5.1 Conclusion       134 

 5.2 Recommendation for future works    135 

 

REFERENCES        137 

APPENDICES         155 

BIODATA OF STUDENT       165 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 


	CHEMICAL RECYCLING OF POLYETHYLENE TEREPHTHALATEWASTE INTO BHET MONOMER USING CONVECTION-CONDUCTIVEAND MICROWAVE ASSISTED GLYCOLYSIS TECHNIQUES
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



