THE EFFECT OF RADICAL SCAVENGING ACTIVITY ON
ORANGE G DYE DEGRADATION PROCESS USING FENTON’S

REAGENT

FARAH I1ZZATI BINTI FARUSH KHAN

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

JANUARY 2015



ACKNOWLEDGEMENTS

Alhamdulillah, all praises, glory and thanks to Allah, the almighty Lord of the world.
Peace and blessing to Nabi Muhammad S.A.W., all the Prophets, his families and all

muslims.

I would like to express my special appreciation and thanks to my supervisor, Mr.
Mohd. Nasri bin Abd. Rahman for his untiring guidance and advice throughout the
course of this study. I will always be grateful to his advice and guidance on
experimental design, detailed assistance, and kind encouragement. Without his

supervision and constant help, this thesis would not have been possible.

In addition, I would especially like to thank all the lab assistants at Faculty of
Science Laboratory, Ui'TM Pahang who in many ways contributed to the success of
my research. Not forgetting fellow classmates who have also gave valuable advices

and suggestions in completing this project.

Last but not least, I would like to express the deepest appreciation to my parents,
Farush Khan bin Akbar Khan and Mussawar Jahan binti Ghulam Rasool and my

sisters, for their endless pray, support and encouragement throughout this project.

Farah Izzati binti Farush Khan



TABLE OF CONTENTS

Page

ACKNOWLEDGEMENTS il
TABLE OF CONTENTS v
LIST OF TABLES vi
LIST OF FIGURES vii
LIST OF ABBREVIATIONS viii
ABSTRACT 1X
ABSTRAK Xi
CHAPTER 1 INTRODUCTION 1
1.1 Background of study 1
1.2 Problem statement 4
1.3 Significance of study 5
1.4 Objectives 7
CHAPTER 2 LITERATURE REVIEW 8
2.1 Introduction 8
2.2  Wastewater from textile industry 8
2.3 Azo dyes 9
2.4 Treatment methods 10
2.5 Theory of Fenton’s oxidation process 12

2.5.1 Hydrogen peroxide (H,0,) 14

2.5.2 Advanced Oxidation Process 16

2.5.2.1 Fenton’s Reagent process with the presence of
UV irradiation (photo-Fenton’s process) 17



2.5.2.2 Fenton’s Reagent process with the absence of UV
irradiation
2.6  Radical Scavengers

2.6.1 Effect of scavenging activity on Fenton’s Reagent

CHAPTER 3 METHODOLOGY
3.1 Materials

3.1.1 Orange Gelb dye solution

3.1.2 Fenton’s Reagent
3.1.2.1 Ferrous sulfate hepta hydrate (FeSO,#7H,0) powder
3.1.2.2 Hydrogen peroxide (H,O) solution
3.1.2.3 Sulfuric acid (H,SOy4) solution

3.1.3 Radical scavengers
3.1.3.1 Sodium bicarbonate (NaHCO3) solution
3.1.3.2 Sodium carbonate (Na,COs3) solution
3.1.3.3 Sodium nitrate (NaNOs) solution
3.1.3.4 Sodium chloride (NaCl) solution

3.2 Methods
3.2.1 Fenton’s oxidation processes

3.2.1.1 The effect of UV irradiation in the rate of
degradation

3.2.1.2 The effect of radical scavengers in the rate of
degradation

CHAPTER 4 RESULTS AND DISCUSSION
4.1 Degradation of OG dye in Fenton’s Reagent process as a control test

19
20

21

24
24

25
25
26
26
26
26
27
27
27
28
28
29

29

30

31
32



ABSTRACT

THE EFFECT OF RADICAL SCAVENGING ACTIVITY ON ORANGE G
DYE DEGRADATION PROCESS USING FENTON’S REAGENT

Wastewater is exhausted in large volume every year due to the processes of textile
industries such as dyeing and finishing processes. Nowadays, more than 50% of dyes
used in textile industry are Azo-based dyes. Inorganic salts improve the coloration of
the dye, which enhances the pollution load of wastewater from textile industries.
Degradation of the reactive textile dye Orange Gelb (OG) was studied using Fenton’s
Reagent of Advanced Oxidation Processes (AOPs). A laboratory set-up was designed
to evaluate the effectiveness of Fenton’s Reagent process. The initial concentration
of OG in the reaction was 10*M. The effects of irradiation time and the addition of
different types and concentrations of inorganic salts (NaCl, NaHCO;, NaNOs and
Na,COs) on the degree of degradation efficiency were studied. The results indicated
that photo-Fenton’s process is more effective than Fenton’s process without UV
irradiation in dye degradation process. Photo-Fenton’s process degrades the dye up
to 86%, whereas Fenton’s process without UV irradiation only degrades the dye up
to 72%. On increasing the Na,CO3; and NaHCO; salts concentration to 1 M, the
percentage decolorization decreased to 24% and 18% respectively. The presence of
NaNOs salt barely affects the degradation efficiency of the dye. On increasing the
salt concentration to 1M into the dye solution, the percentage decolorization only
decreased to 80%. On the addition of 1 M NaCl salt, the degradation efficiency
decreased to 74% and by the addition of 10* M NaCl salt, the degradation efficiency
increased to 88%, 6% higher than the degradation efficiency of photo-Fenton’s
process, due to the formation of hypochlorite ion from the chloride ions.
Additionally, it was found that all salts in this experiment could inhibit the efficiency
of OG degradation and the degree of their scavenging effects can be ranked from low
to high in an order NaNO; < NaCl < Na,CO; < NaHCO:;.
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