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ABSTRACT

Due to rapid emission of CO, gas in atmosphere, an approach has to be made
to solve this issue. This paper proposed an approach which known as immobilization
of carbonic anhydrase (CA) on amberlite for CO, removal. CA has been immobilized
on amberlite by cross-linking method using glutaraldehyde. CA immobilized on
amberlite was further tested in application of carbonation reaction which involved
conversion of CO, to CaCOs;. It was observed that the optimum time for hydration
process in carbonation reaction using immobilized CA was 10 min as compared to
blank sample (15 min). The optimum mass of immobilized CA on the CaCOs;
precipitation was 0.4 g. The carbonate was characterized using XRD and FESEM to
validate the formation of CaCOQOs. FTIR instrument was used to determine the
functional group (NH3) present in immobilized CA enzyme structure. In conclusion,
immobilized CA on amberlite support by cross-linking method could be an effective

and economical in the practical conversion system of CO,.



ACKNOWLEDGEMENT

In the name of Allah, the Most Gracious and Most Merciful
Alhamdulillah, all praises to Allah for the strengths and His blessing in completing
this research project. Special appreciation goes to my dedicated supervisor, Dr.
Fazlena Binti Hamzah, for her supervision and constant support. Her invaluable help
of constructive comments and suggestions throughout the research project have
contributed to the success of this work. Not forgotten, my appreciation to Puan Siti
Nadia Binti Abdullah, post-graduate student, for providing non-stop support and

advice during the research.

Sincere thanks to all my dearest friends for their moral support and kindness
throughout the completion of my research project. Thank you for the friendship and

memories created.

Last but not least, I owe a debt of gratitude to my beloved parents; En. Yahya Bin
Ibrahim and and also to all my brothers and sisters for their
endless love, prayers and encouragement. To those who indirectly contributed in this

research project, your kindness means a lot for me. Thank you very much



TABLE OF CONTENTS

AUTHOR’S DECLARATION ..., i
SUPERVISOR’S CERTIFICATION ................c.......... Error! Bookmark not defined.
ABSTRACT ... i
ACKNOWLEDGEMENT ..., il
LIST OF TABLES .. ..o oo, vi
LIST OF FIGURES ... o oo, vil
LIST OF SYMBOL ..., ix
LIST OF ABBREVIATIONS/ NOMENCLATURE...............cccooooiiiiiii X
CHAPTER ONE ... 1
INTRODUCTION ..., 1
1.1  RESEARCH BACKGROUND ..........ccoocoiiiiiiiiiiiee e 1
1.2 PROBLEM STATEMENT ... 3
1.3 OBIECTIVE ... 4
1.4  SCOPES OF RESEARCH. ..........cccooiiiiiiioi e 4
CHAPTER TWO ..o, 5
LITERATURE REVIEW ..o 5
2.1 OVERVIEW OF CARBONDIOXIDE ..............coccoocoiiiiiiiioie 5
2.1.1 Sources and Main Contributor of Carbon Dioxide ........................... 6
212 Statistic Emission of CO,1n World ..o 8
2.2  AVAILABLE TECHNOLOGY FOR CO, CAPTURE IN ATMOSPHERE

9
221 ADSOIPHON ..ot 10
222 AdSOrPHON ..ot 11
223  Membrane Separation ..................cccoceeiiiiiieiii e 13
2.3  CARBONIC ANHYDRASE ENZYME ............ccoocoiiiiiiiiiiiie 14
23.1  Carbonic Anhydrase Catalytic Mechanism....................................... 16
23.2  Application of Enzyme Carbonic Anhydrase........................c..oo.. 17
2321 Carbon Sequestration ..................cccooooiiiiioiiieee e 18
2322 Biofuel Production .....................occooiiiii e 19
233  Advantages and Disadvantages of Using Enzymes .......................... 20
24 ENZYME IMMOBILIZATION ..o 20
241 Entrapment ... 21
242 AdSOrPHON ..ot e 23
243 Cross-linKing .............ccccoiiiiii e 24



CHAPTER ONE

INTRODUCTION

1.1 RESEARCH BACKGROUND

Carbon dioxide is being one of the major sources that contribute to the world
global warming. It is basically coming from the uncontrolled emission of greenhouse
gases since the beginning of industrial revolution. Due to the increasing of CO, in
atmosphere, many researchers are working to solve the current issues related with
CO;, emissions. From the research that had been done, various technologies can be
applied in capturing process of CO; including absorption, adsorption and membranes.
It is reported that solvent based chemical absorption process is the most mature
technology for capturing CO, (Zhang, Zhang, Lu, Rostam-Abadi, & Jones, 2011).
Solvent absorption involves the use of liquid sorbent such as monoethanolamine
(MEA) to separate CO, from flue gases, while for adsorption, solid sorbent is used
instead of liquid sorbent for the separation of CO,. Membrane separation is a novel
technology used to separate CO, as it is the best choice and is very economical
compared to other separation method (Sreedhar, Vaidhiswaran, Kamani, & Venugopal,
2017).

In order to enhance the mass transfer rate of CO; capturing, an addition of
carbonic anhydrase (CA) is becoming the most effective enzyme used in this reaction
(Lv, Yang, Pan, Zhou, & Jing, 2015). The characteristic of CA itself is that it is
reusable and can be used up to a certain maximum repetition. This in turn can reduce
the cost for the process and it is one of the important parameters that should be
considered. Other than that, researchers had also find out that CA is the fastest zinc
metalloenzyme which resulted in rapid motion of CO, mass transfer rate from gaseous
phase (Zhu, Li, Sun, Tang, & Bian, 2016). The turnover rate of a reaction with CA
enzyme can be as great as 10°™" compared to the reaction without CA enzyme which
is 6.2x107s" (Zhang et al., 2011)

The uses of free CA enzyme are also can be considerable in a reaction. When

free CA enzyme is added and dissolved into a solution, it may offer a greater specific



