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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Master of Science

DEVELOPMENT AND CHARACTERIZATION OF POLYPROPYLENE 

WASTE-DERIVED CHAR FILLED SUGAR PALM [Arenga pinnata (Wurmb) 

Merr.] STARCH BIOPOLYMER COMPOSITE BRIQUETTES 

By 

MUHAMMAD HARUSSANI BIN MOKLIS 

December 2021 

Chairman : Mohd Sapuan bin Salit, PhD 

Faculty : Engineering 

According to Ministry of Health Malaysia (MOH), total utilization of personal protective 

equipment (PPE) of healthcare workers (HCW) under the MOH is approximately 59 

million units per month. PPEs comprised of facemasks, isolation gowns, hair nets and 

shoe covers, which mainly made of polypropylene (PP). Due to the coronavirus disease 

(COVID-19) epidemic, increasing PP wastes had been produced by the hospitals and 

isolation facilities. To counter the increasing plastic wastes production, a proper green 

strategy to decompose the PP wastes is needed and pyrolysis, a thermal decomposition 

process, is the best way to decompose and convert the wastes into useful product with 

lower pollutions. Thus, this work is aimed to decompose and convert PP waste into char 

via pyrolysis and utilized as raw materials in fuel briquette application. PP wastes 

collected from university healthcare centre (PKU) were then went through cleaning and 

washing process under the surveillance from PKU staffs. Then, the raw materials were 

pulverized into 0.25 mm powder. Pyrolysis with different low pyrolytic temperatures, 

450, 500, 550, 600, and 650 ⁰C selected as final pyrolysis temperatures, was applied to 

convert disinfected PP-based isolation gown waste (PP-IG) or PP waste into an 

optimized amount of char yields. A batch reactor with horizontal furnace was used to 

mediate the thermal decomposition of PP-IG. The optimum solid pyrolysis product 

(char) yields at different temperature was determined. Elemental, morphological, surface 

area and thermal properties of the char were analysed. The results show that the amount 

of yielded char is inversely proportional to the temperature. Optimized temperature for 

maximum char yields has been recorded. The enhanced specific surface area, SBET values 

for the char and its pore volume were collected, ~24 m2g-1 and ~0.08 cm3g-1, respectively. 

The char obtained at higher temperatures display higher volatilization and carbonization. 

The yielded chars were then mixed with different amount of sugar palm starch (SPS) 

loading, 0, 10, 20, 30 and 40%, which then moulded into briquettes via hydraulic press. 

The mechanical, physical, morphological, thermal and combustion characteristics of 

char filled sugar palm starch (C/SPS) biopolymer composites were determined using 

compressive test, Fourier transform infrared (FTIR), field emission scanning electron 

microscopy (FESEM), thermogravimetric (TGA) and bomb calorimeter analysis, 
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respectively. The results show that the compressive strength of the briquettes increased 

as the SPS loading increased, whereas the higher heating values (HHV) reduced. The 

findings indicate that C-80/SPS-20 briquettes presented excellent combustion 

characteristics (1,761.430 J/g) with satisfactory mechanical strength (1.463 MPa) in the 

compression test. Thus, C-80/SPS-20 briquettes are the most suitable composites for 

domestic and commercial uses. The development of such briquette char is an effort to 

address the ongoing environmental problems. These findings are beneficial to utilize this 

pyrolysis model for plastic waste management and convert PP waste into char for further 

C/SPS briquette biocomposite applications, with the enhanced mechanical and 

combustion properties, amidst COVID-19 pandemic. 
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Abstrak tesis yang dikemukan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Master Sains 

PENYEDIAAN DAN PENCIRIAN BRIKET KOMPOSIT BIOPOLIMER KANJI 

ENAU [Arenga pinnata (Wurmb) Merr.] YANG DIISI DENGAN ARANG 

DARIPADA SISA POLIPROPILENA  

Oleh 

MUHAMMAD HARUSSANI BIN MOKLIS 

Disember 2021 

Pengerusi : Mohd Sapuan bin Salit, PhD 

Fakulti : Kejuruteraan 

Menurut Kementerian Kesihatan Malaysia (KKM), jumlah penggunaan peralatan 

pelindung diri (PPE) oleh pegawai kesihatan di bawah KKM adalah kira-kira 59 juta unit 

sebulan. PPE terdiri daripada topeng muka, gaun pengasingan, jaring rambut dan 

penutup kasut, yang kebanyakannya diperbuat daripada polipropilena (PP). Disebabkan 

oleh wabak penyakit koronavirus (COVID-19), peningkatan sisa PP oleh hospital dan 

kemudahan pengasingan telah dihasilkan. Untuk mengatasi pengeluaran sisa plastik 

yang semakin meningkat, strategi hijau yang sesuai untuk mengurai sisa PP diperlukan 

dan pirolisis, proses penguraian terma, adalah cara terbaik untuk mengurai dan menukar 

sisa menjadi produk berguna dengan pencemaran yang lebih rendah. Oleh itu, kerja 

penyelidikan ini bertujuan untuk menghapus dan menukar sisa PP kepada arang (char) 

melalui pirolisis dan digunakan sebagai bahan mentah dalam aplikasi briket bahan api. 

Sisa PP yang dikutip dari pusat kesihatan universiti (PKU) kemudiannya dibersihkan dan 

dicuci di bawah pengawasan kakitangan PKU. Seterusnya, bahan mentah dihancurkan 

menjadi serbuk bersaiz 0.25 mm. Pirolisis dengan suhu pirolitik rendah yang berbeza, 

450, 500, 550, 600, dan 650 ⁰C dipilih sebagai suhu pirolisis akhir, telah digunakan untuk 

mengurai dan menukar sisa PP daripada sisa gaun pengasingan yang dinyahjangkit (PP-

IG) kepada jumlah hasil arang yang paling optimum. Reaktor kelompok dengan relau 

mendatar digunakan untuk mengantara penguraian terma PP-IG. Hasil produk pirolisis 

pepejal optimum (char) pada suhu berbeza telah ditentukan. Unsur, morfologi, luas 

permukaan dan sifat terma arang telah dianalisis. Keputusan menunjukkan bahawa 

jumlah arang yang terhasil adalah berkadar songsang dengan suhu. Suhu yang 

dioptimumkan untuk hasil arang maksimum telah direkodkan. Luas permukaan khusus 

yang dipertingkatkan, nilai SBET untuk arang dan isipadu liangnya telah dikumpulkan, 

masing-masing ~24 m2g-1 dan ~0.08 cm3g-1. Arang yang diperoleh pada suhu yang lebih 

tinggi memaparkan pemeruapan dan pengkarbonan yang lebih tinggi. Arang yang 

terhasil kemudiannya dicampur dengan jumlah muatan kanji enau (SPS) yang berbeza, 

0, 10, 20, 30 dan 40%, yang kemudiannya dibentuk menjadi briket melalui penekan 

hidraulik. Ciri-ciri mekanikal, fizikal, morfologi, haba dan pembakaran bagi komposit 

biopolimer kanji enau (C/SPS) diisi arang ditentukan menggunakan ujian mampatan, 
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spektroskopi inframerah fourier transformasi (FTIR), mikroskop elektron pengimbasan 

pelepasan medan (FESEM), termogravimetrik (TGA) dan analisis kalorimeter bom, 

masing-masing. Keputusan menunjukkan bahawa kekuatan mampatan briket meningkat 

apabila beban SPS meningkat, manakala nilai pemanasan yang lebih tinggi (HHV) 

berkurangan. Dapatan menunjukkan bahawa briket C-80/SPS-20 menunjukkan ciri-ciri 

pembakaran yang sangat baik (1,761,430 J/g) dengan kekuatan mekanikal yang 

memuaskan (1.463 MPa) dalam ujian mampatan. Oleh itu, briket C-80/SPS-20 adalah 

komposit yang paling sesuai untuk kegunaan domestik dan komersial. Pembangunan 

arang briket tersebut adalah satu usaha untuk menangani masalah alam sekitar yang 

berterusan. Penemuan ini bermanfaat untuk menggunakan model pirolisis ini untuk 

pengurusan sisa plastik semasa pandemik COVID-19 dan menukar sisa PP kepada arang 

untuk aplikasi biokomposit briket C/SPS selanjutnya, dengan sifat mekanikal dan 

pembakaran yang dipertingkatkan. 

 



© C
OPYRIG

HT U
PM

v 

ACKNOWLEDGEMENTS 

In the name of Allah, the Most Gracious, the Most Merciful 

Highest gratitude to Allah swt. for granting me the strength, perseverance, and 

knowledge to accomplish this thesis. Without His grace and direction, the completion of 

this thesis would not have been possible. My sincere gratitude to Professor Ir. Dr. Mohd. 

Sapuan Bin Salit, my compassionate supervisor, for his unwavering support and 

inspiring supervision during my study. Under his guidance, I was immensely motivated 

to go into the realm of study and writing. Following that, I would like to express my 

sincere appreciation for the guidance and coaching of my co-supervisors, Prof. Ts. Dr. 

Khalina Binti Abdan (Laboratory of Biocomposite Technology, Institute of Tropical 

Forestry and Forest Product (INTROP), UPM), and Ts. Dr. Umer Rashid (Institute of 

Nanoscience and Nanotechnology (ION2), UPM).  

I want to express my thankfulness to Universiti Putra Malaysia and Ministry of Higher 

Education Malaysia for the financial support provided through Pasca COVID-19 Special 

Research Grant (2020) (project code UPM.RMC.800-2/2/1/FRGS/COVID-19, cost 

center 5540346). Special thanks also must be given to Dr. Fauziah Adnan (Director of 

University Health Centre) and staffs from University Health Centre, Universiti Putra 

Malaysia (UPM) for doing collaboration with our research group and providing us raw 

materials during the research. 

I owe a heartfelt gratitude to my devoted father, Moklis bin Hanapi and mother, 

Norhazlina bte Hasan for their continuous prayers and encouragement for my success in 

this life and the next. Special thanks to my seniors, Dr. Ahmad Ilyas bin Rushdan and 

Dr. Mohd Nurazzi bin Norizan, for providing me with continuous research and writing 

advice as well as a pleasant study atmosphere.   

For their assistance and guidance, I am grateful to all staff in the Faculty of Engineering, 

ITMA, and INTROP. Last but not least, I had want to express my gratitude to all of my 

Engineering and INTROP colleagues for sharing their experience and assisting in the 

successful completion of this project. 

JazakAllahu Khairan! 



© C
OPYRIG

HT U
PM

vii 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfillment of the requirement for the degree of Master of Science. The 

members of the Supervisory Committee were as follows: 

Mohd Sapuan bin Salit, PhD 

Professor, Ir  

Faculty of Engineering  

Universiti Putra Malaysia  

(Chairman) 

Khalina binti Abdan, PhD 

Professor, 

Faculty of Engineering  

Universiti Putra Malaysia  

(Member) 

Umer Rashid, PhD 

Fellow Researcher, 

Institute of Nanoscience and Nanotechnology (ION2) 

Universiti Putra Malaysia  

(Member) 

______________________________ 

ZALILAH MOHD SHARIFF, PhD 

Professor and Dean 

School of Graduate Studies 

Universiti Putra Malaysia 

Date: 10 February 2022 



© C
OPYRIG

HT U
PM

ix 

Declaration by Members of Supervisory Committee 

This is to confirm that: 

 The research conducted and the writing of this thesis was under our supervision;

 Supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate

Studies) Rules 2003 (Revision 2012-2013) are adhered to.

Signature: _____________________________ 

Name of 

Chairman of 

Supervisory 

Committee: Prof. Ir. Dr. Mohd Sapuan bin Salit 

Signature: _____________________________ 

Name of 

Member of 

Supervisory 

Committee: Prof. Ts. Dr. Khalina binti Abdan 

Signature: _____________________________ 

Name of 

Member of 

Supervisory 

Committee: Dr. Umer Rashid 



© C
OPYRIG

HT U
PM

x 

TABLE OF CONTENTS 

 

 Page 

 

ABSTRACT  i 
ABSTRAK  iii 
ACKNOWLEDGEMENTS  v 
APPROVAL  vi 
DECLARATION  viii 
LIST OF TABLES  xiii 
LIST OF FIGURES  xiv 
LIST OF ABBREVIATIONS  xvi 

 

CHAPTER 

 

1 INTRODUCTION  1 
 1.1 Background  1 
 1.2 Problem Statements  1 
 1.3 Aim and Objectives  3 
 1.4 Significance of Study  3 
 1.5 Scope of Study  4 
 1.6 Structure of Thesis  5 

 

2 LITERATURE REVIEW  6 
 2.1 Introduction  6 
 2.2 Current PPE Waste Management in Malaysia and  9 

Global 

 2.2.1      Landfill Disposal  9 
 2.2.2      Incinerations/burning  9 
 2.3 Polypropylene-based PPE  10 
 2.4 Pyrolysis of Polypropylene  11 
 2.5 Type of Pyrolysis  14 
 2.5.1      Slow Pyrolysis  16 
 2.5.2      Fast Pyrolysis  17 
 2.5.3      Catalytic pyrolysis  17 
 2.5.4      Plasma Pyrolysis  18 
 2.6 Pyrolysis Parameter  20 
 2.6.1      Pyrolysis Temperature  20 
 2.6.2      Residence Time  21 
 2.6.3      Heating Rate  21 
 2.6.4      Presence of Catalysts  21 
 2.7 Type of Reactors  23 
 2.7.1      Batch Reactor  23 
 2.7.2      Semi-batch Reactor  24 
 2.7.3      Fixed-bed Reactor  25 
 2.7.4      Fluidized-bed Reactor  26 
 2.7.5      Rotary kiln Reactor  27 
 2.7.6      Conical spouted bed Reactor  28 
 2.8 Starch as Matrix Binders  29 
 2.9 Sugar Palm (Arenga pinnata) Starch  29 



© C
OPYRIG

HT U
PM

xi 

2.9.1      Sugar Palm Starch Extraction 30 
2.10 Char Briquette 31 
2.11 Briquette Preparation 31 
2.12 Briquettes Performance 32 

2.12.1   Mechanical Strength 32 
2.12.2    Calorific Value/HHV 33 

2.13 Potential Applications of Char 33 
2.13.1    Fuel Applications 34 
2.13.2    Graphene and Its Derivatives Production 34 
2.13.3    Adsorbent Materials 34 
2.13.4    Fillers in Engineering Applications 35 
2.13.5    Other Applications 35 

2.14 Summary 36 

3 METHODOLOGY 37 
3.1 Introduction 37 
3.2 Materials 38 

3.2.1    Polypropylene (PP) Wastes from PPE 38 

Isolation Gown 

3.2.2    Sugar palm starch 39 
3.3 Char Yields via Pyrolysis of PP 40 
3.4 Making Briquettes 40 
3.5 Characterization of Samples 41 

3.5.1    Physical Analysis 42 
3.5.2    Elemental and Chemical Analysis 42 
3.5.3    Raman Spectroscopy 43 
3.5.4    Morphological Analysis – FESEM 43 
3.5.5  Structural Analysis – FTIR 43 
3.5.6    Thermal Analysis – TGA-DTG 43 
3.5.7    Mechanical Testing – Compressive Test 43 
3.5.8   HHV Analysis 44 
3.5.9    Statistical Analysis 44 

4 LOW-TEMPERATURE THERMAL DEGRADATION OF 

DISINFECTED COVID-19 NON-WOVEN 

POLYPROPYLENE-BASED ISOLATION GOWN 

WASTES INTO CARBONACEOUS CHAR 45 
4.1 Introduction 46 
4.2 Materials and Methods 48 

4.2.1 Polypropylene (PP) Isolation Gown Waste 48 
4.2.2    Preparation of Char 48 
4.2.3    Characterization of Char 49 
4.2.4    Statistical Analysis 51 

4.3 Results and Discussions 51 
4.3.1    Proximate Analysis of PP-IG Samples as 51 

Feedstock 

4.3.2    Effect of Pyrolysis Temperature towards 52 

Char Yields and Its Thermochemical  

Performance 

4.3.3  Characterization of Solid Product Char 53 

and PP-IG Samples 



© C
OPYRIG

HT U
PM

xii 

 4.4 Conclusion and Future Outlooks  61 

 

5 DEVELOPMENT AND CHARACTERIZATION OF 

POLYPROPYLENE WASTE FROM PERSONAL 

PROTECTIVE EQUIPMENT (PPE)-DERIVED CHAR-

FILLED SUGAR PALM STARCH BIOCOMPOSITE 

BRIQUETTES  64 
 5.1 Introduction  65 
 5.2 Materials and Methods  67 
 5.2.1      Materials  67 
 5.2.2      Slow Pyrolysis Process and Char Preparation 67 
 5.2.3      Char Briquette Preparation  68 
 5.2.4      Biocomposite Briquette Characterizations69 
 5.2.5      Density and Compressive Strength Analysis 69 
 5.2.6      Statistical Analysis  70 
 5.3 Results and Discussion  70 
 5.3.1      Morphological and Elemental Analysis  70 
 5.3.2      Proximate Analysis  73 
 5.3.3      Functional Group Analysis  74 
 5.3.4      Thermogravimetric Analysis  75 
 5.3.5      Higher Heating Value (HHV) Analysis 78 
 5.3.6      Density and Compressive Strength 78 
 5.4 Conclusions  79 

 

6 CONCLUSIONS AND RECOMMENDATIONS FOR 

FUTURE WORK  81 
 6.1 Conclusions  81 
 6.2 Recommendation for future work  81 

 

REFERENCES  82 
APPENDICES  103 
BIODATA OF STUDENT  108 
LIST OF PUBLICATIONS   109 
 



© C
OPYRIG

HT U
PM

xiii 

LIST OF TABLES 

Table Page 

2.1 Raw materials of PPE components (WHO, 2020b) 11 

2.2 Comparison of char yields (wt.%) from the pyrolysis of plastic 

wastes (HDPE, LDPE, PS, PET, and PP) studied in literature 

works 13 

2.3 Differentiation of pyrolysis processes based on main operating 

parameters 14 

2.4 Pyrolysis of plastic PP using different type of pyrolysis 15 

2.5 Pyrolysis of PP with specific process parameters 19 

2.6 Summary of advantages and disadvantages of different type of 

reactors 29 

2.7 Calorific values of other waste-derived briquettes 33 

3.1 General specification of PP-based PPE isolation gowns 39 

3.2 Properties of sugar palm starch (SPS) 40 

3.3 Composition of char filled sugar palm starch biopolymer 

composite 41 

4.1 Elemental composition of PP plastic 48 

4.2 Proximate analysis for raw PP-IG samples 51 

4.3 Char yields (wt.%) 52 

4.4 Moisture and volatile matter content for chars 53 

4.5 Contents of elements from EDX 56 

4.6 Specific surface area and characteristics of porous structure of 

raw PP-IG and yielded chars 57 

5.1 Calorific values of other waste-derived briquettes 67 

5.2 EDX analysis element content 73 

5.3 Proximate analysis of the briquettes (wt.%) 74 

5.4 Higher heating values (HHVs) 78 

5.5 Density and compressive strength of the char briquettes 78 



© C
OPYRIG

HT U
PM

xiv 

LIST OF FIGURES 

 

Figure Page 

 

2.1  Frontline medical personnel mostly utilize PPE to treat COVID-

19 patients  7 

2.2  Pyrolysis of waste plastic to char product  8 

2.3  Pyrolysis reaction for polypropylene (PP) polymer  12 

2.4  Effects of temperature and heating rate on liquid, gases and char 

yields for atmospheric conditions  16 

2.5  By-products distribution yields from PE:PP pyrolysis at 450 ºC 

for 30 minutes aided with various kind of zeolite catalysts  22 

2.6  Batch reactor with stirrer  24 

2.7  Fixed-bed Reactor  25 

2.8  The schematic diagram of thermal and catalytic pyrolysis 

equipped with fluidized bed reactor  26 

2.9  Rotary kiln reactor  27 

2.10 Conical spouted bed reactor  28 

2.11  Extraction procedure of sugar palm starch  30 

3.1  Flow of the process of manufacturing char briquettes (C/SPS) 37 

3.2  Preparation process of PP wastes  38 

3.3  (a) Sugar palm starch (SPS) acts as binder and (b) char yielded 

via pyrolysis  39 

3.4  (a) Biocomposite char briquettes fabricated via hydraulic press 

method with mould, and (b) the measurement of fuel briquettes 

according to ASTM Standard D695, ISO 604  41 

4.1  The schematic illustration of pyrolysis system setup: (A) 

electrical furnace, (B) ceramic tube, (C) alumina boat, (D) N2 

gas cylinder, (E) gas regulator valve, (F) flow rate meter, (G) 

conical flask, (H) water and (I) outlet gas  49 

4.2  Char yields (wt.%) for different pyrolytic temperatures (⁰C). 

Take note that a, b, c values with different letters in the same 

column are significantly different (p < 0.05)  52 



© C
OPYRIG

HT U
PM

xv 

4.3 FESEM images of PP-IG samples at magnifications of (a) 1 kx 

and (b) 10 kx 53 

4.4 FESEM images of C–450 at magnifications of (a) 25 kx and (b) 

100 kx; C–500 at magnifications of (c) 25 kx and (d) 100 kx; C–

550 at magnifications of (e) 25 kx and (f) 100 kx; C–600 at 

magnifications of (g) 25 kx and (h) 100 kx 55 

4.5 TG curves for raw PP-IG samples, C–450, C–500, C–550 and 

C–600 with temperature range of 25–600 ⁰C 57 

4.6 DTG curves for C–450, C–500, C–550 and C–600 58 

4.7 FTIR-ATR spectra of raw PP-IG and chars collected from 

pyrolysis with different temperatures 59 

4.8 Raman spectra of raw PP-IG and char samples obtained at 

different operating temperatures 61 

5.1 Pyrolysis of waste plastic to char product 65 

5.2 Flow of the process of manufacturing char briquettes (C/SPS) 68 

5.3 Biocomposite char briquettes via compression moulding 70 

5.4 FESEM images of (a) C-100/SPS-0, (b) C-90/SPS-10, (c) C-

80/SPS-20, (d) C-70/SPS-30, and (e) C-60/SPS-40 71 

5.5 Electron image for EDX analysis 72 

5.6 EDX analysis spectrum of C/SPS briquettes 72 

5.7 FTIR spectra for C/SPS briquettes 75 

5.8 TGA curves for the raw PP, yielded char, and char briquettes 

within the temperature range of 25–600 °C 76 

5.9 DTG curves for C/SPS briquettes 77 

5.10 DSC curves for char briquettes with 0, 10, 20, 30, and 40% SPS 

loading within the temperature range of 25–600 °C 77 

5.11 HHV and compressive strength of the char briquettes 79 



© C
OPYRIG

HT U
PM

xvi 

LIST OF ABBREVIATIONS 

 

 

⁰C Degree Celsius 

ANOVA Variance analysis 

ASTM  American Society for Testing and Materials 

ATR Attenuated total reflective 

BET Brunauer-Emmett-Teller 

BTEX Benzene, toluene, ethylbenzene and xylene  

C Carbon 

C/SPS Char filled sugar palm starch composite 

C5H12 Pentane 

CH4 Methane 

CMW COVID-19 medical waste 

CO Carbon monoxide 

COVID-19 Coronavirus disease 2019 

CPCB Central Pollution Control Board 

CR Congo red 

Dp Pore distribution 

DSSC Dye-sensitive solar cells 

DTG derivative thermogravimetry 

EDX energy dispersive X-ray spectroscopy 

FCC Fluid catalytic cracking 

FESEM Field emission scanning electron microscope 

fr feed rate 

FTIR Fourier transform infrared 



© C
OPYRIG

HT U
PM

xvii 

g Gram 

GN Graphene nanosheets 

h Hour 

H Hydrogen 

H2 Hydrogen gas 

HDPE High-density polyethylene 

HHV higher heating values 

HMOR H-Mordenite 

hr heating rate 

HZSMS-5 H-Zeolite Socony Mobil-5 

LCV Low calorific value 

LDPE Low-density polyethylene 

MCM Mobile Composition of Matter  

MFI Pentasil zeolites 

min Minute 

MJ Mega Joule 

MOH Minister of Health 

MPa Mega Pascal 

MWCNT Multi-walled carbon nanotube 

N Nitrogen 

N2 Nitrogen 

O Oxygen 

OMAH O-mono-aromatic hydrocarbons 

OMMT Organic-modified montmorillonite 



© C
OPYRIG

HT U
PM

xviii 

P pressure 

PE polyethylene 

PET polyethylene terephthalate 

PKU Pusat Kesihatan Universiti 

PLA Polylactic acid 

PP Polypropylene 

PPE Personal protective equipment 

PP-IG Polypropylene-based isolation gown 

PS polystyrene 

PU polyurethane 

PVC polyvinyl chloride 

rt residence time 

s Second 

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 

SBET Specific surface area 

SPS sugar palm starch 

T temperature 

TGA thermogravimetric analysis 

USY Ultrastable Y zeolite 

V Volt 

Vp Pore volume 

W Watt 

WHO World Health Organisation 

wt.% Weight percentage 

ZSM Zeolite Socony Mobil 



© C
OPYRIG

HT U
PM

1 

CHAPTER 1 

 

1 INTRODUCTION 

 

1.1 Background 

 

According to WHO (2020a), an approximate 89 million surgical masks, 76 million pairs 

of medical gloves, 1.6 million pairs of goggles and 30 million gowns are part of the 

essential PPE demanded monthly by the global. According to Ranney et al. (2020), an 

increase in new cases has resulted in a rapid accumulation of infectious used PPE in the 

municipal solid waste system. Furthermore, it has been reported that since the emergence 

of COVID-19, the manufacturing of PP-based plastic wastes has risen and associated to 

negative impacts towards the health of the environment. Therefore, pyrolysis method had 

attracted the researchers' attention as it comprises of high waste decomposition, facile 

process and supports green waste management rather than current practices of 

incineration. Pyrolysis is a thermochemical process that converts plastic waste at high 

temperatures in a deoxygenated atmosphere into lower molecular weight compounds 

such as liquid oil, hydrocarbon gases and char (Verma et al., 2019). Char is one of the 

main product from pyrolysis of plastic and agricultural waste. This carbonaceous solid 

product is widely utilized in chemical adsorbents (Bernardo, 2011; Miandad et al., 2018), 

nanocomposites (Miandad et al., 2019; Sogancioglu et al., 2020), and supercapacitors 

(Pandey et al., 2021; Vivekanandhan, 2018).  

 

Sugar palm starch is extracted from the centre of sugar palm stem. It mostly found in 

tropical countries including Southeast Asia and South Asia, covers from eastern India to 

Indonesia, Malaysia and Philippines (Ilyas et al., 2020). It has been discovered by 

previous studies (Sahari et al., 2012; Sanyang et al., 2016) to have excellent potential for 

usage as an alternative polymer due to its better chemical composition and mechanical 

reinforcement properties. Thus, the results from these studies demonstrate that by 

utilizing the natural starch as binder in char briquettes can leads to improve mechanical 

as well as high heating value of the composites. 

 

There are very little or no research at all have been reported on the conversion and 

characterization of char composite briquettes from polypropylene waste derived char 

filled sugar palm starch (SPS). Therefore, the objective of the current study was to 

pyrolysed polypropylene waste from PPE into carbonaceous char and incorporate it into 

the sugar palm starch which acts as binder in order to improve the high heating values 

and mechanical properties of the sugar palm starch based biopolymer composites. 

 

1.2 Problem Statements 

 

At the fourth quarter of 2019, the globe was fiercely assaulted by a severe coronavirus 

syndrome (SARS-CoV-2 or COVID-19) pandemic. As a result, a public health 

emergency was proclaimed by the WHO on 30 January 2020 due to the COVID-19 
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outbreak (WHO, 2020a). In order to treat the piling up infected COVID-19 patients, 

increasing demand on personal protective equipments (PPE) supply happened. For 

instance, healthcare workers which constantly serving patients need to wear the PPE. 

PPE are used to preserve the wearer from contamination or disease transmission if the 

wearer has contact with the highly contagious substance and solid material (Carlos et al., 

2020; Lu et al., 2020). Non-woven fabric polypropylene was used to fabricate PPE such 

as mask, isolation gown, hair nest and shoe cover. Thus, accumulates the number of 

petroleum-based PPE production and leads to global plastic waste production where the 

world generates 381 million tonnes of plastic waste annually (Ritchie & Roser, 2018), 

with expectation to double by 2034. 

 

The practice used by MOH is burning the PPE after it had been disinfected with chlorine 

to kill COVID-19 (MOH, 2020a). Burning huge amount of PPE could lead to 

environmental pollution as these plastics contain additive materials such as cadmium and 

lead elements. Corburn et al. (2020) stated that improper landfilling and local burning of 

plastic and medical waste had increased Indian municipal waste issues the pandemic, and 

this situation aid the spread of the virus contagion. Therefore, there is a problem in 

handling unconventional waste in a sustainable manner with lowering carbon emissions, 

minimizing secondary virus transmission, and minimizing potential health risks. 

Furthermore, without conventional waste management strategy and waste emergency 

strategies to combat the epidemic, global might face catastrophic repercussions. Waste 

plastics can account for about 28% of the total cadmium in municipal solid wastes. 

Burning of plastic wastes can release important atmospheric pollutants (Verma et al., 

2016). Due to these negative effects of plastic wastes and their disposal methods on the 

environment, more environmentally friendly methods should be developed for the 

disposal of plastic wastes.  

 

Therefore, in this study, pyrolysis method is utilized to decompose the polypropylene 

(PP) waste derived from disinfected PPE as it is proven to produce less pollution as its 

end-products are collected and reused into useful outputs. It will be an excellent 

technology for the transformation of plastic waste to usable output (Worrel & Vesilind, 

2012a). In placing more emphasis, Qin et al. (2018) and Vivero et al. (2005) had stated 

that the conversion of plastic wastes to hydrocarbon blends via pyrolysis is the best way 

in order to decompose and recycle the PPE waste. It does contribute to the reduction of 

plastic waste number, the recovery of chemicals and the replacement of fuels and other 

virgin materials. Furthermore, there are several pyrolysis parameters which affecting the 

end-products yields including process temperature, residence time, type of reactor, 

heating rate and presence of catalysts. According to previous studies (Das & Tiwari, 

2018b; Park et al., 2012; Saptoadi et al., 2016; Sharuddin et al., 2016), pyrolysis 

temperature plays significant role in the thermal decomposition to produce highest yield 

of solid product chars. Increases in temperature result in higher liquid yields, while 

decreases in temperature result in higher char yields (Basu, 2013; Te et al., 2021). 

Therefore, altering the pyrolysis temperature is the most crucial to investigate highest 

and optimum char yields. 

 

Next, the yielded carbonaceous chars were used as raw materials for fabrication of char 

briquettes for fuel applications (Lubwama et al., 2020). However, the char like most 

plastic derived carbon products is totally lack of plasticity. Hence, the addition of starch 
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binder including sugar palm starch is important, in order to hold them together with 

increased their adhesion to form compressed char briquette (Hapuarachchi et al., 2020). 

The characteristics and properties of starch have an impact on binder efficiency (Mohd 

et al., 2016). The characteristics of natural starch mainly determined by its biological 

origin including its amylose and amylopectin content. The main challenges in selecting 

the suitable natural starch as binder for the fabrication of char filled natural starch 

biopolymer composite briquette are the weaknesses regarding its brittleness, 

processability, poor mechanical properties and low heating values. To overcome this 

shortcomings, addition of SPS is needed to act as the binder and to enhance their 

performances (Mohd et al., 2016). This is due to the fact that SPS is one of the good 

binder with higher amylose content, ranged from 37.0 to 37.8% (Adawiyah et al., 2013; 

Sahari et al., 2014), compared to other widely used natural starch like tapioca (17%), 

potato (25%) and corn (28%). In addition, the utilization of SPS in briquette 

manufacturing is the novelty for this research because there is no published briquetting 

works used SPS as the binder. 

 

Hence, the motivations behind this study are (1) to yield the highest amount of char from 

the pyrolysis of polypropylene plastic waste into commercialized fuel briquette 

applications, with the help of sugar palm starch, (2) to promote green technology of 

pyrolysis for proper waste management by proposing a policy framework to the Ministry 

of Health (MOH), Ministry of Agriculture (MOA), and Ministry of Human Resources 

(MOHR), and (3) to tackle the increasing amount of plastic waste via upcycling of plastic 

waste into various end-products including char, fuel-like oil, and chemicals, which not 

only contribute to controlling the virus spreading via waste disposal, reducing 

environmental pollution, but also solving the rise in energy demand. 

 

1.3 Aim and Objectives 

 

The aim of this research is to transform plastic waste especially medical waste amidst 

COVID-19 pandemic into char briquettes using carbonaceous char filled sugar palm 

starch for domestic and commercial uses. To make a new green product, the research 

objectives can be specified into: 

 

1. To determine the optimum char yield of PP waste pyrolysis product using 

laboratory-scale batch pyrolysis reactor at different temperature. 

2. To appraise the best ratio of PP char and sugar palm (Arenga pinnata [Wurmb.] 

Merr) starch as binders at different ratios on compressive strength and high 

heating value. 

 

1.4 Significance of Study 

 

1. The findings from the current study are expected to contribute to the 

development of sustainable green technology methods for pyrolysis and char 

generation from plastic waste. 
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2. In terms of waste management, this study lays the groundwork for converting 

waste from hospital PP equipment, especially PPE into high-quality char, 

effectively turning waste into wealth. 

3. Slow pyrolysis is a cleaner method of producing char than open burning, which 

was formerly used. 

4. This research may help to reveal the possibility of employing sugar palm starch 

as a binder in the development of green char composites; otherwise, such a 

plentiful bioresource may well go underutilized. 

5. By providing a non-food source of economic growth for rural parts of the 

country, the successful production of such green products from sugar palm 

starch will give chances to enhance the standard of living of sugar palm tree 

farmers in Malaysia. 

6. Creation of jobs especially in the plastic and agricultural waste recycling 

industry. 

 

1.5 Scope of Study 

 

In this study, non-woven polypropylene (PP) wastes derived from protective personal 

equipments (PPE) were washed and pulverized into PP powder, which then, converted 

into chars (C) via slow pyrolysis for optimum char yielded. The yield was optimized 

using optimized pyrolysis temperature and low heating rate. The elemental composition 

and structural morphology of the PP wastes and the obtained C was characterized 

through energy dispersive X-ray spectroscopy (EDX) and field emission scanning 

electron microscope (FESEM), respectively. Brunauer-Emmett-Teller (BET) surface 

area analysis which provides value of specific surface area, pore volume and pore size 

distribution of solid char. The best C with outstanding functional properties was spotted 

out for further briquette preparation. Then, characterization of their physical, chemical, 

thermal and structural properties were performed. Later, sugar palm starch (SPS) were 

manually extracted from the sugar palm tree which used as the binder for the 

development of char composites. 

 

Char-based briquette biocomposite was developed by using hydraulic press method with 

the addition of sugar palm starch (0–40 %) as binder. Their properties were characterized 

including elemental, morphological, thermal, proximate and structural properties. Bomb 

calorimeter analysis which used to calculate the higher heating values (HHV) of the 

biocomposites was carried out. 
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1.6 Structure of Thesis 

 

The structure of this thesis is in accordance with the alternative thesis format of 

Universiti Putra Malaysia which is based on the publications of this study. Each research 

chapter represent a separate study that has the introduction, methodology, results and 

discussion, and conclusions. The details of the structure are as follows: 

 

Chapter 1  

 

The problems that initiate this research and the research objectives were clearly 

highlighted in this chapter. The significance of this work and the scope of study were 

also elaborated within the chapter. 

 

 

Chapter 2  

 

This chapter presents a comprehensive literature review on the areas related to the topic 

of this thesis. In addition, the research gaps obtained from the review were also clarified 

within the chapter.  

 

 

Chapter 3  

 

This chapter presents the methodology used in this study for the preparation of materials, 

testing procedure, and data collection.  

 

 

Chapter 4  

 

This chapter presents the first article entitled “Low-temperature thermal degradation 

of disinfected COVID-19 non-woven polypropylene-based isolation gown wastes 

into carbonaceous char”. In this article, the optimum pyrolysis temperature in highest 

char yields was determined. The yielded chars were also characterized. 

 

 

Chapter 5  

 

This chapter presents the second article entitled “Development and characterization of 

polypropylene waste from personal protective equipment (PPE)-derived char-filled 

sugar palm starch biocomposite briquettes”. The effect of sugar palm fibre at different 

loading (0 – 40 %) on the thermal, morphological, tensile, and physical properties of 

char-based briquettes were investigated. 

 

 

Chapter 6  

 

This chapter presents the overall conclusions from the whole study as well as future 

recommendations for further improvement of this study.   
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