SYNTHESIS AND CHARACTERIZATIONS OF
METAL ACTIVATED CELLULOSE OF COTTON
WASTE TO PRODUCE SOLID FUEL

AHMAD IKHWAN MUAZ BIN ABD RAHMAN

BACHELOR OF CHEMICAL ENGINEERING
(ENVIRONMENT) WITH HONOURS

UNIVERSITI TEKNOLOGI MARA

2022



ACKNOWLEDGEMENT

Firstly, I would want to express my sincere gratitude to Allah SWT for His guidance
and favour, which helped me to complete this Final Year Project report within the time
frame specified by my Final Year Project Il coordinator, Ir. Dr. Noorzalila binti
Mohammad Niza.

Secondly, I would like to express my deepest thankfulness to my supervisor, Dr. Wan
Zuraida Binti Wan Kamis for her teaching, counsel and encouragement for this project
which without her help I believe | would not have been able to proceed and finish this
report on time. Dr. Wan Zuraida Binti Wan Kamis has been continuously reminding me
to finish the report and she also providing me with great advice and important
information about the project so that | can do it in efficient way. Dr. Wan Zuraida Binti
Wan Kamis has helped me every step of the way, from the beginning to the end of this
report, with a positive attitude. She was always ready to answer my questions and
ensured that | completely comprehended the report requirements before submitting each
report.

Thirdly, 1 want to express my heartfelt appreciation to my parents for their
understanding about my circumstance and they never forget to encourage me from
beginning until the day | completed the report. | feel that without their prayers and
support, I would not have been able to complete this report on time.

Fourthly, 1 would like to offer my special thanks to my friends that have been
cooperating and collaborating with me in understanding the requirements that need to
be fulfilled for this report. Without their help 1 may have a little bit of hard time in
completing this report.

Finally, | am also grateful towards Faculty of Chemical Engineering for this course
where | can implementing my years of studying in chemical engineering into this
project. The system of this course has been excellent and myself have been greatly
thankful for this opportunity to take this course.



TABLE OF CONTENTS

AUTHOR’S DECLARATION
SUPERVISOR’S CERTIFICATION
COORDINATOR’S CERTIFICATION
ACKNOWLEDGEMENT

TABLE OF CONTENTS

LIST OF TABLES

TABLE OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS
ABSTRACT

CHAPTER ONE INTRODUCTION
1.1  Research Background

1.2 Problem Statement

1.3  Objectives

1.4 Scope of Work

CHAPTER TWO LITERATURE REVIEW

2.1  Hydrothermal Carbonization to Produce Solid Fuel

2.2 Types of Feedstock Used In Hydrothermal Carbonization
2.3 Types of Catalysts for Hydrothermal Carbonizations

2.4  Methods of Catalyst Synthesis

2.5  Zinc-Based Catalyst

2.6 Characterizations of Hydrochars Obtained From HTC

CHAPTER THREE RESEARCH METHODOLOGY
3.1 Introduction
3.2 Feedstock

PAGE

vii

viii

Xi

o o1 A P

© O 0 N

10
11

13
13
13



3.3
3.4
3.5

3.6

Chemicals

Equipment

Methodology

3.5.1 Preparation of CTW

3.5.2 Synthesis of Zinc Activated Cellulose from CTW (Zn-CTW)

3.5.3 Catalytic Hydrothermal Carbonization (HTC) of Zn-CTW
3.5.4 Removal of ZnCl, Residue

3.5.5 Neutralizing of Hydrochar

3.5.6 Drying of Hydrochar

Analysis of Hydrochar and CTW

3.6.1 Mass Yield

3.6.2 Proximate Analysis

3.6.3 Ultimate Analysis

CHAPTER FOUR RESULTS AND DISCUSSION

4.1
4.2
4.3
4.4

Introduction
Proximate Analysis
Ultimate Analysis
Energy Density

CHAPTER FIVE CONCLUSIONS AND RECOMMENDATIONS

5.1
5.2
5.3

Introduction
Conclusion

Recommendation

REFERENCES

vi

14
14
15
15

16
17
18
18
20
20
20
20

22
22
22
24
25

29
29
29
30

31



ABSTRACT

Over the years, fossil fuel demands have increased rapidly which results in a decline in
resources. Fortunately, biomass waste which was renewable resources have the
potential to produce solid fuel and it has been found that the majority of Cotton Textile
Waste (CTW) ended up in landfill and can pose risk to the environment. With the help
of hydrothermal carbonization (HTC), CTW can be converted to hydrochar (a type of
solid fuel) by going through several reactions. However, HTC process with addition of
catalyst has been discovered to improve the energy density of the solid fuel produced
and it also have been found that Lewis catalyst which usually being used for catalytic
HTC have high toxicity, low abundance and high price. In this study, the synthesis of
zinc activated cellulose of cotton waste (Zn-CTW) via incipient wetness impregnation
at different loading of zinc catalyst was done to produce hydrochars by going through
the HTC process. Zinc catalyst has been chosen because it was inexpensive, easy to
handle, has minimal toxicity, and can be used in a broad spectrum. In addition, incipient
wetness impregnation was used since it was the most well-known, straightforward, and
commonly used way of making practical solid catalysts. Besides, this project aimed to
synthesize the Zn-CTW and characterized the hydrochar produced from the process.
For methodology, four different loading of 0 g, 1g, 1.5 g and 2 g ZnCI2 were
synthesized in this process. Then, catalytic HTC was done in a Parr batch reactor for 3
hours at a temperature of 200°C at an autogenous pressure of 15 — 20. The product of
the HTC process was then dried and was analysed its physicochemical properties by
undergoing proximate analysis, ultimate analysis and energy density. From this project,
it has been found that Zn-CTW actually can produce solid fuel with energy density and
HHV higher (16.77-18.41 MJ/kg) than CTW that did not impregnate with Zn catalyst
(15.37 MJ/kg) through the HTC process. Furthermore, this study has discovered that
incipient wetness impregnation of 1.5 g Zn catalyst was the optimum value for the HTC
process to produce high energy density hydrochar corresponding to 2 g of raw material
used.
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