SONNA NIg dVHNV(

9S4 SGVeSV

720Z NLIN

THE EFFECT OF THERMO-OXIDATIVE
DEGRADATION ON ULTRA-HIGH MOLECULAR
WEIGHT POLYETHYLENE (UHMWPE)

JAUHAR BIN YUNOS

BACHELOR OF SCIENCE (Hons.)
APPLIED CHEMISTRY
FACULTY OF APPLIED SCIENCES
UNIVERSITI TEKNOLOGI MARA

AUGUST 2024



THE EFFECT OF THERMO-OXIDATIVE DEGRADATION ON ULTRA-
HIGH MOLECULAR WEIGHT POLYETHYLENE (UHMWPE)

JAUHAR BIN YUNOS

Final Year Project Submitted in
Partial Fulfilment of the Requirements for the
Degree of Bachelor of Science (Hons.) Applied Chemistry
In The Faculty of Applied Sciences
Universiti Teknologi MARA

AUGUST 2024



This Final Year Project Report entitled “The Effect of Thermo-Oxidative
Degradation on Ultra-High Molecular Weight Polyethylene (UHMWPE)” was
submitted by Jauhar Bin Yunos in partial fulfillment of the requirements for the Degree
of Bachelor of Science (Hons.) Applied Chemistry, in the Faculty of Applied Sciences,
and was approved by

Assoc. Prof. Dr. Razif Muhammmed Nordin
Supervisor
B. Sc. (Hons.) Applied Chemistry
Faculty of Applied Sciences
Universiti Teknologi MARA (UiTM)

02600 Arau
Perlis

Dr. Siti Nurlia Ali Dr. Nur Nasulhah Kasim
Project Coordinator Head Centre of Studies
B. Sc. (Hons.) Applied Chemistry Faculty of Applied Sciences
Faculty of Applied Sciences Universiti Teknologi MARA (UiTM)
Universiti Teknologi MARA (UiTM) 02600 Arau
02600 Arau Perlis

Perlis

Date:




TABLE OF CONTENTS

ACKNOWLEDGEMENTS
TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS
ABSTRACT

ABSTRAK

CHAPTER 1 INTRODUCTION
1.1 Background of the study

1.2 Problem statement

1.3 Significance of study

1.4 Objectives

CHAPTER 2 LITERATURE REVIEW

2.1 Polyethylene (PE)

2.2 Ultra-High Molecular Weight Polyethylene (UHMWPE)
2.3 Thermo-oxidative degradation

2.3.1 Mechanisms

2.3.2 Effect of temperature on degradation rate

2.3.3 Morphology changes

2.3.4 Chemical and mechanical changes

2.4 Analytical techniques for investigating thermo-oxidative
degradation

2.4.1 Thermogravimetric Analysis (TGA)

2.4.2 Fourier-Transform Infrared Spectroscopy (FTIR)
2.4.3 Differential Scanning Calorimetry (DSC)

CHAPTER 3 Methodology

3.1 Overview

3.2 Material and instruments

3.3 Sample preparation

3.4 Thermo-oxidative degradation
3.5 FTIR spectroscopy

3.6 Morphology investigation

g~ weEk

11
11
12
13
13
15

15
16
17

18
19
20
20
21
21



ABSTRACT

THE EFFECT OF THERMO-OXIDATIVE DEGRADATION ON ULTRA-
HIGH MOLECULAR WEIGHT POLYETHYLENE (UHMWPE)

This work examines the effects of thermo-oxidative degradation on Ultra-High
Molecular Weight Polyethylene (UHMWPE). Because of its remarkable qualities—
such as its excellent tensile strength and chemical resistance—UHMWPE is frequently
employed in industries. Nevertheless, its performance and longevity are impacted by
thermo-oxidative deterioration. The goal of this research is to evaluate how UHMWPE
degrades at various temperatures, as well as to determine the effect on its chemical
composition and surface morphology. To assess the level of oxidation and
morphological alterations, digital optical microscopy, and Fourier Transform Infrared
Spectroscopy (FTIR) were used. The findings of this study exhibited that a temperature
rise has increased the degree of oxidation in terms of the carbonyl index (CI) and
oxidation index (OIl). The average values of Ol and CI are 1.0257 and 1.0334
respectively. Furthermore, increased temperature also changed the morphology of
UHMWPE in terms of roughness, brittleness, and discoloration. Hence, it is observed
that varying temperatures during thermo-oxidative degradation do affect UHMWPE
materials, especially on their chemical and mechanical properties which greatly affect
their stability and performance.
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