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ABSTRACT 

The fuel oil used in thermal power plants mainly falls into the category of low grade fuel such as 

Heavy Fuel Oil (HFO). They cannot be readily burnt in engines of thermal power generation and 

need to be further refined. They are refined at the power plant itself. The outcome of this refining 

process is wastewater rich in heavy oil particles. This has an enormous impact on the country's 

environment, thus cannot be readily discharged into the environment. 

Therefore, this study was mainly focused to investigate a scientifically based and an economically 

viable solution to removal of the oily wastewater. In this case, application of the novel and 

emerging technique "Electrocoagulation (EC)" for the treatment of oily wastewater generated in 

thermal power plants was tried out. This technique has been tested successfully for several 

wastewater treatment solutions in the world (Appendix). However, it has to be noted that EC 

method has been applied for only a few applications of oily wastewater treatments. 

In this study, a laboratory scale EC reactor was made using a glass beaker as shown in Fig: 3.1) and 

results so obtained would help to design an industrial scale EC reactor. Different operation 

parameters such as influent pH, current density, initial oil concentration and electrode material were 

examined. During this examination, effect of one parameter for electrocoagulation was studied 

keeping the other parameters constant. For example, effect of pH on the electrocoagulation was 

studied keeping the other parameters such as current density, type of electrode material, and initial 

concentration of the oily wastewater constant. Further, effect of pH on electrocoagulation was 

examined by using range of pH from 2 to 12, effect of current density was evaluated by varying 

2.33 mA/cm 2 to 46.8 mA/cm2, effect of initial concentration of ©ily wastewater was varied from 66 

mg/L to 419 mg/L and effect of type of electrodes material was investigated using C and Al 

electrodes. In addition, performance of the method was mainly tested in terms of COD removal 

efficiency. 

The effect of pH on the performance of the method was not significant in the range of pH - 4 and 

pH - 10. However, a sharp decrease of COD removal efficiency was not observed when pH was 

less than 4 and greater than 10. Optimal current density was found as 4.6 mA/ cm , and it was 

found that there was a little effect of initial oil concentration. Further, Aluminum was found as the 

most appropriate electrode for anode and there was no effect of cathode material on the efficiency 

of the EC method. According to the results, it appears that the Electrocoagulation method could be 

applied for oily wastewater treatment solution to obtain sustainable result. 

ii 



ACKNOWLEDGEMENT 

I wish to express my deepest gratitude to my supervisor, to whom I am deeply indebted, 

Dr. S. L. J. Wijeykoon, Department of Chemical and Processes Engineering, University of 

Moratuwa. His attentiveness and interest in this study, advice and criticism have motivated 

me immensely and guided me on the pathway on the successful completion of this work. 

I would like to express my deep gratitude to Prof. Ajith De Alwis, Head of the Department, 

Department of Chemical & Process Engineering, University of Moratuwa for his kind co

operation given to me on completion of this work. Further, I would like to acknowledge Dr 

(Mrs.) Chandima K. Jayasuriya, Department of Chemistry, University of Kelaniya and Dr 

Jagath K. Premachandra, Department of Chemical & Processes Engineering, University of 

Moratuwa, for their helpful ideas, advices given to complete this work successfully. 

I would like to acknowledge Mr. Buddihka Gunarathna, Deputy General Manager-

Operation, ACE Power Matara (pvt) Ltd. and Mr. D. W. Basnayaka, Plant Manager, 

Caterpillar Power Generation System Lanka Ltd., for their kind assistance in granting me to 

carry out samplings in their power plant premises. 

My deep gratitude goes to Eng. A. T. L. K. Samarasinghe, Head of the electronic & 

Telecommunication Engineering Department, and Dr S. U Adikkary, Head of Materials 

Engineering Department, University of Moratuwa, for kind assistance in granting me to use 

AC/DC convectors and equipments in their Departments. I norther, extend my gratitude and 

special thank to the academic staff member Mr. L. P. S. Rohitha and the senior staff 

technical officer, Mr. G. P. Perera, Department of Materials Engineering for their immense 

co-operation and assistance towards my research work. 

I further, acknowledge Mr. Iddamalgoda and Mrs. Sakuntalla, Division of Environmental, 

National Building Research Organization, for their helpful ideas & advices given to me. 

I further, extended my deep gratitude to all academic staff, Department of Chemical and 

Processes Engineering, and Mr. Sarath Wijesingha & Mrs Nilanthi Fonseka Division of 

iii 



Chemical, Polymer & Textile Engineering, Institute of Technology, University of 

Moratuwa, and laboratory staff of the department for their support in numerous ways for 

the completion of this thesis. I have taken this opportunity to thank Mrs. Dinusha, technical 

officer, Department of Chemical and Processes Engineering University of Moratuwa. 

Finally, I acknowledge with heartiest gratitude to my friends Gayan, Senavirathna and 

Buddhinie who supported me in numerous ways, which motivated me to complete this 

work successfully. 

iv 



• 

TABLE OF CONTENTS 

Title Page number 

Abstract (ii) 

^ Acknowledgements (iii) 

List of Tables (ix) 

List of Figures (x) 

List of Annexes (xi) 

Abbreviations (xii) 

Chapter 01: Introduction 01 

1.0. Background 02 

1.1. Objectives 04 

Chapter 02: Literature Review 05 

2.0 Sources of Oily Wastewater in Thermal Power Plant 06 

2.1 Oily Wastewater & Residual Fuel (HFO) 07 

2.1.1. Emulsified Oils 09 

2.1.2. Free Floating Oils 10 

2.1.3. Soluble Oils 11 

2.2. Effect of Oily Wastewater Discharge on Environments 11 

2.2.1 Environmental Problems Associated with Fuel Oils 13 

P 2.3. Health Hazards of Fuel Oils 13 

2.4.0 Regulatory Affects 14 

2.4.1 Tolerance Limit for Industrial Effluents 

Discharged on Land for Irrigation Purposes 15 

2.4.2 Tolerance Limit for Industrial Effluents 

Discharged in to Marine Costal Waters 17 

2.5 Quality Parameters of Effluent (Wastewater) 19 

2.5.1 Biological Oxygen Demand (BOD) 20 

P 

v 



2.5.2. Chemical Oxygen Demand (COD) 20 

2.5.3 Total Organic Carbon (TOC) 21 

2.5.4 Total Oxygen Demand (TOD) 22 

2.5.5 Phenol 22 

2.5.6 Acidity 22 

2.5.7 pH 23 

2.5.8 Sulfur Content 23 

2.5.9 Color 24 

2.5.10 Temperature 24 

2.5.11 Oil and Grease Content 25 

2.5.11.1 Gravimetric 26 

2.5.11.2 Colorimetric 26 

2.5.11.3 Infrared: 26 

2.5.11.4 UV Absorption/Transmission 27 

2.5.11.4 Nephelometry: 27 

2.5.11.5 Fluorescence 28 

2.6.0 Methods Used for Removal of Hydrocarbon 

From Oily Wastewater Effluent 29 

2.6.1 Oily wastewater Removal Methodologies 29 

2.6.1.1 Gravity Separation 29 

2.6.1.2 Dissolved Air Flotation 30 

2.6.1.3 Chemical Coagulation-Flocculation 

and Sedimentation 31 

2.6.1.4 Filtration 31 

2.6.1.5 Coalescence 32 

2.6.1.6 Membrane Process 32 

2.6.1.7 Biological Process 32 

2.6.1.8 Carbon Adsorption Process 33 

2.7.0 Electrocoagulation 33 

2.7.1 Coagulation and Electrocoagulation 34 

2.7.1.1 Advantages of Electrocoagulation 34 

2.7.1.2 Disadvantages of Electrocoagulation 36 

vi 



2.7.2 Description of Electrocoagulation Technology 36 

2.7.3 Theory of Electrocoagulation 37 

2.7.4 Types of Reaction Involved in the 

Electrocoagulation Process 38 

Chapter 03: Materials and Methodology 42 

3.0 Materials and Methods 43 

3.1 Wastewater Sources 43 

3.2 Experimental Setup 44 

3.3 Analytical Procedures 45 

3.3.1. Procedure of Testing pH 45 

3.3.2 Testing procedure for COD 46 

. 3.3.3. Effect ofpH on COD Removal Efficiency . 47 

3.3.4 Effect of Initial Oil Concentrations on COD 

Removal Efficiency 47 

3.3.5 Effect of Current Densities on COD Removal Efficiency 48 

3.2.6. Effect of Electrode Material on COD Removal Efficiency 49 

Chapter 04: Result and Discussion 50 

4.0. Results and Discussion 51 

4.1 Effect of influent pH on COD Removal Efficiency 51 

4. 2. Effect of Current Density on COD Removal Efficiency 57 

4. 3. Effect of Influents Oil Concentration on 

COD Removal Efficiency 62 

4.4. Comparison with the Carbon and Aluminum as Electrode 

Materials Using Industrial Effluent (Oily Water) 64 



Chapter 05: Conclusions & Recommendations 67 

5.1. Conclusion 68 

5.2. Suggestion and Recommendations for Further Research 69 

References 71 

Annex 75 

vin 



List of Table Page Number 

Table (2.1.): Tolerance Limit for Industrial Effluents 

Discharged in to Marine Costal Waters 15 

Table (2.2): Tolerance Limit for Industrial Effluents 

Discharged on Land for Irrigation Purposes 17 

Table (3.1): Types of electrodes used for electrocoagulation 49 

Table (4.1): pH variation of Oily Wastewater 55 

Table (4.2): Comparison with the Carbon & Aluminum as 

Electrode Materials Effluent (Oily Water) 64 

ix 



List of Figures Page Number 

Figure (3.0): Electrocoagulation Reactor 44 

Figure (4.1): The Graph of Influents pH vs. COD Removal Efficiency 52 

Figure (4.2): The Graph of Current Density vs. COD Removal Efficiency 57 

Figure (4.3): Percentage weight loss of electrodes vs. current density 60 

Figure (4.4): The Graph of Effect of Initial COD of Oily water vs. COD 

Removal Efficiency 62 

x 



List of Annexes Page Number 

Figure ( 1 ) : Industrial Effluent in the Beaker 75 

Figure ( 2 ) : Experimental Setup Assembled in the Laboratory 75 

Figure ( 3 ) : Electrocoagulation Reactor Setup for Industrial Effluent Using 

Aluminum & Carbon Electrodes 76 

Figure (4): Artificial Emulsified Oil Sample 76 

Figure (5): Electrocoagulation Laboratory Setup for Industrial Effluent 

Using Carbon & Aluminum Electrodes 77 

Figure (6): Electrocoagulation Laboratory Setup for Industrial Effluent Using Both 

Aluminum Electrodes 77 

Figure (7): Electrocoagulation Reactor Setup for Industrial Effluent Both 

Using Aluminum Electrodes 78 

Figure (8): Electrocoagulation Reactor Setup for Industrial Effluent Using Both 

Carbons Electrodes 78 

Figure (9): Electrocoagulation Reactor Setup for Industrial Effluent Using Both 

Carbons Electrodes 79 

xi 



Abbreviations 

1. MW-Mega Watt 

2. CEB- Ceylon Electricity Board 

3. GWh- Giga Watt hours 

4. rpm-Revolution per minutes 

5. HFO-Heavy Fuel Oil 

6. LFO- Light Fuel Oil 

7. ppm-Parts per million 

8. MSDS-Material Safety Data Sheet 

9. BOD- Biochemical Oxygen Demand, 

10. COD- Chemical Oxygen Demand 

11. TOC- Total Organic Carbon 

12. TOD- Total Oxygen Demand 

13. DAF- Dissolve Air Flotation 

14. TDS- Total Dissolved Solid 

15. HT- High Temperature 

16. LT- Low Temperature 

17. dB-Decibels 

18. est- Centistokes 

19. mg/L-Milligrams per litter 

20. %-Percentage 

21. f- Fahrenheit 

22. C-Carbon atom 

23. H-Hydrogen atom 

24. O-Oxygen atom 

25. Cr207" 2-Dicromate ion 

26. IT 1 "- Hydrogen ion 

27. Cr+3-Cromic ion 

28. C02-Carbon dioxide 

29. H20-Water 

30. A g 2 S0 4 - Silver sulfate 

31. HgS04- Mercuric sulfate 

xii 



32. K2Cr2C>7- Potassium dichromate 

33. CaC03-Calcium carbonate 

34. H2S- Hydrogen sulfate 

35. OH -Hydroxnium ion 

36. e-Eletrone 

37. CI" -Chloride ion 

38. HOCl-Hyporchlores acid 

39. Cl 2 -Chlorine atom 

40. Fe-Metal iron 

41. Al-Metal Aluminum 

42. A p + - Aluminum ion 

43. C a 2 + - Calcium ion 

44. Mg 2* - Magnesium ion 

45. E- Electrical Potential 

46. E 0 -Electrical potential at stranded condition 

47. R- Universal gas constant 

48. T-Temperature 

49. n- Valiancy of elements 

50. F- Faraday constant 

51. B-Final concentration 

52. A-Initial concentration 

53. mA-Mill Ampere 

54. cm2-Square centimeter 

55. V - Velocity of rise (cm sec- 1), 

56. g - Acceleration of Gravity (cm sec- 2), 

57. r - "Equivalent" radius of particle (cm), 

58. di -Density of particle (g cm - 3 ) , 

59. d2 -Density of medium (g cm-3), 

60. p- Viscosity of medium (dyne sec cm-2) 

61. NaCl- Sodium Chloride 

62. us- Micro S i e m e n s 

63. DC-Direct Current 



64. FAS- Ferrous Ammonium Sulfate 

65. A- Ampere 

66. H30+-Hydronium ion 

67. H2-Hydrogen atom 

68. A g 2 S 0 4 - Silver sulfate 

69. Al(OH)4" -Aluminum hydroxide 




