
HYDROXYL RADICAL PRODUCTION USING ELECTROLYSIS 

METHOD FOR PALM OIL MILL EFFLUENT (POME) TREATMENT 


Lim Chwen Haur 
41854 

Bachelors of Science with Honours 

(Resource Chemistry) 


2016 




HYDROXYL RADICAL PRODUCTION USING ELECTROLYSIS METHOD FOR 

PALM OIL MILL EFFLUENT (POME) TREATMENT 


LIM CHWEN HAUR 


41854 


A project report submitted in partial fulfilment of the requirements for the degree of 


Bachelor of Science with Honours 


(Resource Chemistry) 


Supervisor: DR T A Y MENG GUAN 


Resource Chemistry (WS48) 


Department of Chemistry 


Faculty of Resource Science and Technology 


University Malaysia Sarawak 


2016 




Acknowledgement 

My deepest gratitude to my supervisor, Dr. Tay Meng Guan for patiently guiding me to 

overcome obstacles, sharing his opinions and knowledge with me, and always motivating me 

to try out new things throughout the project. I also wish to thank those postgraduate students 

in the lab which are truly trustable and reliable co-guidance for passing me their valuable 

knowledge, advices and patiently training me. I would also wish to thank Dr Devagi alp 

Kanakaraju and Dr. Wee Boon Siong, my examiners for this study, for giving me valuable and 

useful advice and guidance. My appreciation to Mr Peter from SALCRA palm oil mill, Bau, 

for supplying me the POME sample. Lastly, I wish to thank my parents and siblings for giving 

me the moral support. To all my dearest friends, thank for helping and advising me when I 

. 
need it the most. 

I 


1 



Declaration 

UNIVERSITI MALAYSIA SARAWAK 

Grade:__A__ __' 

Please tick (..J) 

Final Year Project Report D 

~asters D 
PhD D 

DECLARATION OF ORIGINAL WORK 

This declaration is made on the ... ~J~.....day of ... 1.~~.~.. 2016. 

Student's Declaration: 

....:.L.u=""'-l-'--....;;:...'--.;..............~'-"""<=---=~_is my original work. I have not copied from any other students' 
work or from any other sources except where due reference or acknowledgement is made explicitly 
in the text, nor has any part been written for me by another person. 

'Jl~ J\ML. ~6 
Date submitted 

Supervisor's Declaration: 

1______________ (SUPERVISOR'S NA~E) hereby certifies that the work 
entitled~_________________________________ 

______________________was prepared by the above named 

student, and was submitted to the "FACULTY" as a * partial/full fulfillment for the conferment 
of___________________________________ 

and the aforementioned work, to the best of my knowledge, is the said student's work. 

Name of the student (~atric No.) 

II 




__ _____ 

Received for examination by: 	 Date:_________ 

I declare that ProjectlThesis is classified as (Please tick (-J»: 

D CONFIDENTIAL (Contains confidential information under the Official Secret Act 1972)* 
DRESTRICTED (Contains restricted information as specified by the organisation where 

research was done)* 
DOPEN ACCESS 

Validation of Project/Thesis 

I therefore duly affirm with free consent and willingly declare that this said ProjectlThesis shall 
be placed officially in the Centre for Academic Information Services with the abiding interest and 
rights as follows: 

• 	 This Project/Thesis is the sole legal property of Universiti Malaysia Sarawak 
(UNlMAS). 

• 	 The Centre for Academic Information Services has the lawful right to make copies for 
the purpose of academic and research only and not for other purpose. 

• 	 The Centre for Academic Information Services has the lawful right to digitalise the 
content for the Local Content Database. 

• 	 The Centre for Academic Information Services has the lawful right to make copies of 
the ProjectlThesis for academic exchange between Higher Learning Institute. 

• 	 No dispute or any claim shall arise from the student itself neither third party on this 
ProjectlThesis once it becomes the sole property of UNlMAS. 

• 	 This Project/Thesis or any material, data and information related to it shall not be 
distributed, published or disclosed to any party by the student except with UNlMAS 
permission. 

,~ 
Student signature: __---Ir' _ Supervisor signature:__________ 

Current Address: 7/-r 
\O)h~",~"'';b P-, 1111'1/"", 

III 




Table of Contents 

Acknowledgement ......... ........ .............. ... .... .. ...... ....... ............... ...................... ...... ....................... .1 


Declaration ......... .......... ............. ....... ..................................... .............. ................. ..... ........ ....... .. II 


Table of Contents ........................ ...................... ... ....... ...... ........ Error! Bookmark not defined. 


List of Abbreviation ..... ...... ........ ... .... ..... ... .......... .... ....... ....... ....... ... .......................................... VI 


List of Table ..... .. ............ .. ............. ........ ............... ...... .. ..... ............................... ....... ............... ... IX 


List of Figure ........ ......... ............. ... .... ....... .... ................................. .............. .. .......... .... ............... X 


Abstract ..... ........ ....... ....... .. ..... .. ...... ............... ....... ...... .. .............. .................. ............................ ... 1 


1.0 Introduction .......................... ........ .......... ..................................... ............ ............... ............... 3 


1.1 Water Quality .. ........ .............. ...................... ............... ...... .. ........... .......... ....... ........ .... 3 


1.2 Hydroxyl radical in water treatment.. ....... ............ ......................... .. ........... .. ............. .4 


1.3 Advanced oxidation process (AOP) ...... ............... ....................................... ............ ... 5 


1.3.1 Hydrogen peroxide/ozone ............ ................................ .. ....................... ........ ....... 6 


1.3.2 Ozone/UV ... ...... ............................................... ...... ....... ....... .... .............. .. ......... ... 7 


1.3.3 Hydrogen peroxidelUV ....................... .............................. ........ ..... ....... ... ........... 8 


1.3.4 Sonicationlhydrodynamic cavitation .............................. ..................................... 8 


1.3.5 Ti02/cataylzed UV oxidation ....... ....... ............... ........ ..... ........ ............................ 8 


1.3.6 Fenton reaction .... ......... .............. ......... ............ ....... ........ ........................... .......... 9 


1.3.7 Electrolysis ....... .......................... ................................ ...... ......... .... .......... .... ... ... 10 


1.3.8 Contact glow discharge electrolysis .. ..... ........................ ................ .. ........... ...... 11 


1.4 Palm oil mill effluent (POME) ............. .......... ............. ...... ....... .. ........... ... ................ 12 


1.5 Problem statement and h~esis ................................... ...................... ............. ..... 14 


1.6 Objectives ................................ ....... ...... ............... ....................... .......................... ... . 15 


2.0 Literature review ......... ............ ............ ............. .. .......... .. ..... ................... ......................... .... 16 


2.1 Electrolysis in water treatment ........ ...... .. ............ ... ........... ................ ....................... 16 


2.2 Contact glow discharge electrolysis in water treatment.. .............. ......................... .. 18 


2.3 Fenton-reaction in water treatment.. ........ ....... ..... ... ........... ... ....... ........ ....... .............. 20 


2.4 Treatment of POME ........ .. .......... .. ........... ....................................................... ......... 22 


2.4.1 Physical treatment ........ .............. ........ .. ..... .............................................. ........... 22 


2.4.2 Chemical treatment .... ......................... ..................................... ... ....................... 22 


IV 


I 



2.4.3 Biological treatment. ........................................................... .. ..... ....... ................. 23 


3.0 Methodology .................... .... ...................................................................................... .... ..... 25 


3.1 Chemicals and Reagents ........................................................................................... 25 


3.2 POME sample ...... ................................................. .. .................................................. 25 


3.3 Chemical Oxygen demand (COD) ........... .. .............................................................. 26 


3.3.1 Materials and Solution Preparation ..... .............................................................. 26 


3.3.2 Normality of FAS solution ................................................................................ 26 


3.4 Analysis of COD ...................................................................................................... 26 


3.5 Electrolysis ....... .... .................................................................... .. ................ .. ............ 27 


3.5.1 Electrolysis of H202 ........................................................................................... 27 


3.5 .2 Electrolysis ofH202 with iron catalyst.. .. ..... ...... .. ......................... ... ................. 28 


3.5.3 Electrolysis with platinum electrode ................................................................. 29 


3.5.4 Fenton reaction .................................................................... .. ............................ 29 


3.5.5 Removal ofH202 residual ................................................................................. 29 

. 
4.0 Results and discussion ..................... ................. .. ...................... .......................... .. ... .30 


4.1 Electrolysis of H202 ................................................................................................. 30 


4.2 Optimization studies of H202 electrolysis with iron catalyst.. .... ...... ............ .. ......... 31 


4.2.1 Effect of electrolysis duration ............................................................................ 31 


4.2.2 Effect of concentration of H202 ......................................................................... 33 


4.2.3 Effect of voltage applied .... ............ ...... .... ... ....................... ................. ........ ..... .. 34 


4.2.4 Effect of concentration ofFeS04catalyst ................................. ......................... 37 


4.2.5 Effect of electrode.............................................................................................. 39 


4.2.6 Fenton reaction ......... . ~................................................ .................................... 40 


5.0 Conclusion.......... .......................................... .. ....................... .. ............................................ 42 


6.0 Suggestions of future work .................................................................................................. 43 


7.0 References ....................................................................................................................... .. .. 44 


8.0 Appendixes .......................................................................................................................... 49 


v 




AOP 

BOD 

CODE 

COD 

CSTR 

DC 

DO 

DOE 

EOSB 

FAS 

FFB 

HRT 

INWQS 

List of Abbreviation 

Advanced Oxidation Process 

Biochemical oxidation demand 

Contact glow discharge electrolysis 

Chemical oxidation demand 

Continuous stirred-tank reactor 

Direct current 

Dissolved oxygen 

Department of environment 

Expanded granular sludge bed 

Ferrous ammonium sulphate 

Fresh fruit bunch 

Ferrous ion 

Ferric ion 

Hydrogen ion (electron) 

Hydraulic retention time 

Interim national water quality standards 

VI 

1 


I 



MABR 

MPOB 

MTBE 

NCIM 

OLR 

·OH 

OPP 

O&G 

POME 

PVDF 

SCE 

TOC 

TS 

TVS 

Modified anaerobic baffled bioreactor 

Malaysia palm oil board 

Methyl tert-butyl ether 

National collection of industrial microorganisms 

Organic loading rate 

Hydroxyl radical 

Ozone 

Oxygen molecule 

Superoxide radical 

Oil palm phenolic 

Oil and grease 

Palm oil mill effluent 

Polyvi~dene difluoride 

Saturated colomel electrode 

Total organic carbon 

Total solids 

Total volatile solids 

VII 



TSS Total suspended solid 

TN Total nitrogen 

UASB Up-flow anaerobic sludge blanket 

UASFF Up-flow anaerobic sludge fixed-film 

UF Ultrafiltration 

V Voltage 

WQI Water quality index 

VIII 




List of Table 

Table Title Page 

1.0 	 Homogenous and heterogeneous advanced oxidation process (AOP) 4 


1.1 	 General characteristics of POME and effluent discharge standard by 11 


DOE 


II 


II 


IX 




HYDROXYL RADICAL PRODUCTION USING ELECTROLYSIS METHOD FOR 

PALM OIL MILL EFFLUENT (POME) TREATMENT 

Lim Chwen Haur 

Resource Chemistry 

Faculty of Resource Science and Technology 


Universiti Malaysia Sarawak 


ABSTRACT 

Palm oil is undeniable an useful and valuable product since decades ago, price of palm oil 
has been rising as human discovered more and more usage from it especially palm oil as 
biodiesel used in vehicles. However, processes of palm oil extraction generate great 
amount of highly polluting wastewater known as palm oil mill effluent (POME). POME 
contains high amount of total suspended solids (TSS), total nitrogen (TN), dissolved 
oxygen (DO), biological oxygen demand, (BOD) and especially chemical oxygen demand 
(COD) value. Therefore, a lot of researches were carried out to look for a solution for 
POME treatment including using hydroxyl radical. Although numbers of PO ME treating 
methods have been developed, these me~hods only showed a limited removal efficiency, 
which did not meet the discharge limit/ In this study, hydroxyl radical was generated by 
electrolysis using stainless steel as the anode and graphite as the cathode to treat POME. 
The duration of the reaction, concentration of iron catalyst and hydrogen peroxide as well 
as applied voltage were the parameters which have been studied to obtain optimum 
condition of the treatment. Electrolysis treatment diminished chemical oxygen demand 
(COD) contained in POME by 93.7% with the ideal conditions of 0.05 M ofH202, 0.10 M 
of FeS04 catalyst, 1.5 V of voltage applied and 4 hours of duration. Electrolysis method 
was found to achieve much higher efficiency compared to Fenton reaction, which was only 
48% removal efficiency of COD. 

Keywords: POME, electrolysis, hydroxyl radical, chemical oxygen demand (COD), 
Fenton reaction. 
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ABSTRAK 

Minyak sawit tidak dapat dinaftkan sebagai produk yang berguna dan berharga sejak 
dekad yang lalu, harga minyak sawit telah meningkat kerana man usia menemui lebih dan 
pelbagai penggunaan daripadanya terutamanya sebagai biodiesel yang digunakan dalam 
kenderaan. Walau bagaimanapun, proses pengekstrakan minyak sawit akan menjana 
sejumlah air sisa yang amat mencemarkan dikenali sebagai efluen kilang minyak sawit 
(POME). POME mengandungi jumlah yang tinggi daripada jumlah pepejal terampai 
(TSS), oksigen terlarut (DO), penentuan tuntutan oksigen biokimia (BOD), jumlah 
nitrogen (TN) dan penentuan tuntutan oksigen kimia (COD). Oleh itu, banyak kajian telah 
dijalankan untuk mencari penyelesaian untuk rawatan POME termasuk menggunakan 
radikal hidroksil. Walaupun pelbagai kaedah rawatan POME telah dibangunkan, tetapi 
kaedah tersebut hanya menunjukkan kecekapan penyingkiran terhad dan tidak memenuhi 
had pelepasan yang telah ditetapkan. Dalam kajian ini, radikal hidroksil telah dijana 
melalui elektrolisis menggunakan anod keluli tahan karat dan graftt katod untuk merawat 
POME. Tempoh masa tindak balas, kepekatan pemangkin besi dan hidrogen peroksida 
dan juga voltan telah digunakan dalam kajian untuk mendapatkan keadaan optimum 
tindak balas. rawatan Electrolysis mengurangkan penentuan tuntutan oksigen kimia (COD) 
dalam POME dengan 93.7% disertai syarat-syarat berikut, 0,05 M H202, 0.10 M catalyts 
FeS04, 1.5 V voltan dan dalam tempoh 4 jam. tindak balas Fenton mengurangkan COD 
hanya dengan 48.0%. Oleh itu, rawatan elektrolisis dengan 0,05 M H202, 0.10 M FeS04, 
1. 5 V voltan digunakan dan 4 jam Tempoh berkesan merawat POME daripada industri 
minyak sawit. 

Kala Kunci: POME, electrolisis, radifB,J hidroksil, penentuan tuntutan oksigen kimia 
(COD), tindak balasfenton. 
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1.0 Introduction 

1.1 Water Quality 

Water, is essential to our human life and health of environment and represent as a natural 

resource, comprises of marine, freshwater (river and lakes), estuarine and groundwater, 

that stretch across coastal and inland areas. Water quality can be defined by its chemical, 

physical, biological and aesthetic (smell and appearance) characteristics. In details, water 

quality is made up by its dissolved solids, particulate matter, color, turbidity, pH, dissolved 

oxygen and other gases. For example, dissolved solids contain in a water body decide its 

salinity, specific conductance and cation-anion balance while the partial pressure, 

percentage saturation and oxygen tension of water body controlled by amount of oxygen 

dissolved oxygen and other gases in the water body (Boyd, 2015). High water quality gives 

a healthy environment with rich and varied community of living organisms. Hence, water 

quality must be strictly protected. 

Water can be said polluted when its quality or composition are changed either naturally or 

artificially caused by human activities so as to become less suitable for drinking and 

domestic, agricultural, industrial and other uses (Goel, 2011). Yet, anthropogenic reasons 

contribute the major water pollution""oblem in many countries all over the world. Socio

economic activities, urbanization and industrialization have seriously caused water quality 

among the particular area became polluted and not suitable for being used. In Malaysia, 

economic development without environmental concerning and planning for example 

inunoderate natural resources exploitation has changed the nation's environment quality. 

Ignoring care and unsustainable scheming have caused more than 70% polluted river in 

ysia and this number is increasing from time to time (Hussain & Hassan, 2003). 
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In Malaysia, in order to monitor the quality of water, the Department of Environment 

(DOE) has been conducting water quality monitoring in order to detennine the water 

quality status throughout the nation and to classify the rivers in Class I, II, III, IV or V 

based on Water Quality Index (WQI) and Interim National Water Quality Standards for 

Malaysia (INWQS). Water Quality Index is computed based on 6 main parameters which 

are biochemical oxygen demand (BOD), chemical oxygen demand (COD), ammoniacal 

nitrogen (NH3N), pH, dissolved oxygen (DO) and suspended solids (SS). In order to keep 

these parameters as low as possible, water treatment process has a high responsibility. 

1.2 Hydroxyl radical in water treatment 

There are many types of wastewater treatment process have been developed either 

physically, chemically and biologicaHy. Nowadays chemically water treatment process 

using free radical to get rid of those pollutants has been a recent trend in wastewater 

treatment, one of the example of free radical used is hydroxyl radical (. OH). As Halliwell 

and Gutteridge (2006) claim that, radical is defined as any species that capable of 

independent existence with containing one or more unpaired electrons. The hydroxyl 

radical is considered as an important role in waste water treatment due to its very high 

standard potentials of 2.8 V (Wan~ Xu, 2012), which is able to degrade the organic 

matters in the wastewater (Shin et al,. 2008). The reaction rate constant of hydroxyl radical 

is I06- 109 M-l.s -1, which is equivalent 109 more powerful than ozone (Aris et aI., 2008). 

Moreover, many studies have also shown the role of high reactive hydroxyl radical in 

removing of unwanted substances such as decolonization of dyes, the cleavage of 

naphthalene and benzene ring, the remediation of heavy metal contamination, the 

egradation of organic compounds, deoxyribose, phenol, pesticides, herbicides and protein 
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(Zaho et al., 1994; Oturan et aI., 1999; Imamura et aI., 2002; Wang et aI., 2007; 

Ratanatamskul et aI., 2011). 

1.3 Advanced oxidation process (AOP) 

Hydroxyl radical has played an important role in advanced oxidation process (AOP). 

Advanced oxidation process (AOP) can be specifically described as processes in which 

oxidation or organic contaminants and pollutants occurs primarily through reaction with 

high reactive hydroxyl radicals (oOH) (Belgiorno et aI., 2010). Basically, AOP can be 

conducted by using different reactants such as ozone (03), hydrogen peroxide (H202), and 

titanium oxide (Ti02) which are responsible in hydroxyl radical production. In wastewater 

treatment using AOPs method, the organic compounds contain in the wastewater can be 

completely mineralized to carbon dioxide (C02) and water, or at least their transformation 

into more innocuous products (Canizares et aI., 2009). However, the AOPs is governed by 

the influent contaminant concentration, flow rate, contaminant concentration of target 

effluent and the background of the water quality such as pH, concentration of bromide and 

alkalinity. As detail, the parameters for AOPs reaction include: chemical dosage and ratios 

with other chemicals, contact time with reactor, and configuration of reactor. Generally, 

the higher chemical dosages and contact times are expected to result in higher removal 
1t:.. 

efficiency. However, high dosages also resulted in higher costs and possible by-product 

fonnation. Hence, there are still many water quality parameters that may impact the 

effectiveness of AOPs (Hoigne, 1998). AOPs can be further subdivided into homogenous 

and heterogeneous processes as shown in Table 1.0. 
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Table 1.0: Homogenous and heterogeneous advanced oxidation process (AOP) (Hoigne, 1998). 

-

, .' . t· \ ... ;. ~ •. : :1"!~ ',: ...... 1 1.• I.tt)· !((I_ ::r. I,f '~J r ' ...C)·,/ 

homogenous 

I 

Light Chemical and photochemical UV + 03* 

UV + H202* 
Foto-Fenton** 

Light + ultrasonic Chemical, sonochemical 
photochemical 

and I US + UV** 

US + UV 

H202** 
+ 

Ultrasonic sonochemical US + H20** 

US + 03** 
*Not using external 

energy I 

chemical 
I 

03* 

H202 + 02* 

Fenton** 

electrochemical Electro-
Fenton** 

heterogeneous Light 

II 

Chemical and photochemical UV + Ti02 
02** 

+ 

UV + Ti02 
H202** 

+ 

Light + ultrasonic Chemical and sonochemical US + UV 
Ti02** 

+ 

NOTES: *Established technologies; **Emerging technologies 

Usually in wastewater treatment applications, AOPs refer to a specific subset of processes 

that involve H202, 03, Ti02, and/or UV light and ultrasonic irradiation. Based on the 

existing literature and the wastewater treatment industry's experience with the technology, 

~ 
AOPs can be divided into established technologies which include H202/03, 03/UV, 

H202lUV while emerging technologies comprise of Fenton reaction, 

sonicationlhydrodynamic cavitation and Ti02-catalyzed UV oxidation. All of these 

processes are able to generate hydroxyl radicals for wastewater treatment. 

1.3.1 	 Hydrogen peroxide/ozone 

ozone (03) is added into water, it undergoes a complex chain of reaction to 

form 'OH and . 02 which can oxidize the most of the organic matters especially methyl 
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tert-butyl ether (MTBE) which is a gasoline additive found in groundwater (Hoigne, 1998). 

However, H2Ch can combine with 03 to enhance the formation of hydroxyl radical in 

solution by the following reaction (1) and (2). 

(1) 

(2) 

(3) 

The combination of 03 and H202 give a more effective result than respective 03 or H202 

alone but the reaction is potentially to form bromate if the 03/H202 ratio and pH is not 

adjusted precisely. 

1.3.2 OzonelUV 

In process of ozonelUV AOP, low pressure UV radiation is applied to "ozonate" the 

wastewater in order to form highly reactive hydroxyl radicals. The reaction occurs by the 

following reactions (3) and (4). 

203 + H2Ch ~ 2 'OH + 302 (4) 

The reactions involve of photolysw..,of ozone by UV, generates H202 and hence, the 

reaction involve all of the organic destruction mechanisms present in H202/03 and 

H202IVV (Wagler & Malley, 1994). This reaction is more efficient in producing hydroxyl 

radicals then H202IVV for equal oxidant concentrations but the energy and cost 

consumption is intensive. 

7 
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1.3.3 Hydrogen peroxidelUV 

Similar to ozonelUV, the hydroxyl radical generated in H202IUV is initiated by UV 

irradiation. Hydroxyl radicals are produced from photolytic dissociation of H202 in water 

by UV irradiation (5) (Wagler & Malley, 1994). 

(5) 

For H202, more amount of OH radicals are produced when continuous wave low pressure 

mercury vapor lamp (LP-UV) are used compared to the continuous wave medium pressure 

mercury vapor lamps (MP-UV). Hydrogen peroxide/UV has no potential to form bromate 

compare to hydrogen peroxide/03 but the process is energy and cost consumption. 

1.3.4 Sonication/hydrodynamic cavitation 

One of the merging technology, cavitation, is a induced hydroxyl radicals by process of 

forming microbubbles in a solution that implode violently and produce high temperature 

and reactive radicals which are involving in organic substances removal. Hydroxyl radical 

generated by cavitation can be initiated through sonication which generates microbubbles 

through successive ultrasonic frequency cycles while hydrodynamic generate microbubbles 

using high velocity or pressure gradient (Pisani & Beale, 1997; Mason & Lorimer, 1998; 
..... 

Kang & Hoffinan, 1998). Furthermore, oxidation by cavitation is enhanced by the addition 

ofozone and hydrogen peroxide. However this AOP method is still very new and yet fully-

scale applied in wastewater treatment. 

1.3.5 Ti02/cataylzed UV oxidation 

Titanium dioxide (Ti02) as a solid catalyst in the reaction, when get irradiated by UV light, 

eIeI:trOns in the valence band are excited to the conduction band, result in electron 

vacancies (Kormann et aI., 1991). Insufficient electrons in tum react with water molecules 
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and producing hydroxyl radicals that responsible in contaminant removal. However, 

fouling ofTiCh catalyst will occur if without pre-treatment. 

1.3.6 Fenton reaction 

Fenton reaction is one of the advanced oxidation processes (AOPs). According to 

Koprivanac and Kusic (2007), Fenton type reactions are the processes that involve 

hydroxyl radical and metal homogenous ions, for example Fe2+ ions, as the catalyst. 

Generally most of the hydroxyl radicals are generated from the combination of hydrogen 

peroxide with some powerful catalyst such as Cd2+, Cu2+ and Zn2+ (Matsuo & Kaneko, 

2(00). theoretically, Fenton reaction is describing the reduction of peroxide and involves 

the oxidation of Fe2+ ions to Fe3+ ions with the subsequent generation of hydroxyl radicals 

(·OH) (Liochev, 1999). Moreover, UV light is believe to give a great effect in Fenton 

reaction as Wang and Xu (2012) mentioned that photo-assisted Fenton reaction is highly 

effective in degradation and mineralization of various dyes under visible light irradiation 

due to effective electron transfer from the visible light-excited dyes into Fe3+ , leading to 

the catalytic cycling of Fe3+IFe2+. 

As Liochev (1999) stated, the chemical reactions occur in Fenton reaction are as follow. 

When reaction are started with on~202 and Fe(II), it is just the first (6) reaction of a 

complex process. 

Fe(II) + H202 7 Fe(III) + ·OH + OH- (6) 

In reaction (7), superoxide radical (020 is produced via the oxidation process of H202-) 

by ·OH which is from reaction (6). 

(7) 

9 
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When H2ChlFe(II) ratio is high, more H202 is decomposed than Fe(III) generated, 

indicating a chain mechanism. Besides that, reaction (8), iron-independent decomposition 

of H2Ch is favored to occur at the same time and moreover regenerates ·OH. Hence the 

chain process comprises of reactions (7) and (8). 

(8) 

But the reaction (8) is proved by Rush and Bielski (1985) that not occur and that 02

reduced Fe(lll) rather than H202. 

Ch- + Fe(UI) ~02+ Fe(III) (9) 

The overall chain process is described by reactions (6), (7), and (9), and at infinite chain 

length the net reaction is 

(10) 

Chain-breaking reactions, reaction (11), occur and they account for the conversion of Fe(II) 

to Fe(III) concomitant with the decomposition ofH202. 

(11) 

1.3.7 Electrolysis 

Apart from nonnal AOPs, production of hydroxyl radical by electrolysis, also known as 

electrochemical oxidation is currently giving the main advantages of environmental 

compatibility, energy efficiency, versatility, and cost-effectiveness, providing an effective 

procedure in pollutants from wastewater removal (Wang, 2012). The mechanism of 

electrolysis is driven by a non-spontaneous chemical reaction by applying a slightly 

tive electric potential to the surface of a metal (or metal oxide) that is in contact with 
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hydrogen peroxide solution or other aqueous solution, in situ generation of hydroxyl 

radicals (Imamura et aI., 2002; Rajasekaran et aI., 2015). 

Besides that, Fenton reaction can also be conducted using electrolysis to generate hydroxyl 

radicals continuously through electrochemical reduction of 02 in the presence of a catalytic 

amount of ferric or ferrous ion. In practice, dissolved dioxygen is reduced to superoxide 

ion (~.- ), at cathode when a low cathodic potential is applied to the working electrode. 

The superoxide ion rapidly react with H+ in protic medium to form peroxyl radical H~·. 

This unstable radical eventually form hydrogen peroxide. 

After that, reduced ferrous ions from ferric ions from the cathode will react with hydrogen 

peroxide, leading to the formation of hydroxyl radical in the solution, which is responsible 

in the degradation of waste material (Oturan, 2000). The remarkable advantages of 

electrolysis is that only electrons are released or consumed at the electrode surface, giving 

a clean process and not contribute any further chemical in the environment, which often 

occurs in other processes. However, some difficulties may be encountered in electrolysis 

such as electrocoagulation, electro flotation, and electrooxidation since the mechanism of 

the electrochemical process in aqueous systems is quite complex (Prousek, 1996). 

""' 1.3.8 Contact glow discharge electrolysis 

Since 1905, glow discharge anode had been used by Klupfel to liberated iodine from 

solutions containing potassium iodide (Hickling, 1971). Contact glow discharge 

electrolysis (CGDE) is now became a non-conventional, novel type of electrical discharge 

in wastewater treatment where a gaseous is generated around the electrode in contact with 

the surface of an electrolyte when a continuous sufficient high DC voltage (around O.SkV) 

is passed from electrolyte to the electrode, a thin wire anode, while the cathode is dipped in 
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the water and isolated from the anode, normally separated by porous glass (Pandit & 

Kumar, 2013). 

Gao (2006) stated that CGDE is a non-faradaic electrolysis, that is, disobey the Faraday's 

law. The chemical yield is found more than that expected on the basis of Faraday's law. 

Gao also claimed that when a needle platinum-wire anode was used as anode which is 

much smaller size then the cathode can cause the normal electric field to be destroyed and 

resulted in glow-discharge when an enough voltage is applied which is highly productive 

in generating hydroxyl radicals by breaking water molecules into OH· and H· at the glow 

discharge plasma occur at the anode when high enough voltage is supplied. Hydroxyl 

radicals are non-selective reactive species that able to degrade various compounds in 

wastewater (Pandit & Kumar, 2013; Saksono et al., 2014). Hence, the role of contact glow 

discharge electrolysis is important in order to achieve a high efficiency in wastewater 

treatment process. 

1.4 Palm oil mill effluent (POME) 

In this project, wastewater from palm oil mill was chosen as the target sample to be treated 

using AOP is called as palm oil mill effluent (POME). POME is the largest volume by

product which is actually the wa+ewater discharged from the sterilization, crude oil 

clarification and cracked mixture separation during the palm oil refinery processes in a 

palm oil mill (Rupani et al., 20 I 0). POME is a thick brownish liquid containing 95-96% of 

water, 0.6-0.7% of oil and 2-4% of suspended solid which is extremely polluting due to its 

high organic matters nature (Table 1.1) (Ahmad et al., 2005). Although POME is 

biodegradable, it cannot be directly discharged to environment without being treated. (Idris 

al.,2012). 
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In Malaysia, POME with such characteristics needs hydraulic retention time (HR T) of 

about 40-60 days in order to degrade its polluting organic compounds. This treatment 

system is practiced by 85% of palm oil industrials, but the long duration of HRT is not 

environmental friendly as it deprived the environment of a huge amount of portable water 

for a long period of time. Hence, other method of degradation is seriously needed to further 

reduce the organic matter COD level and shorten the time consumed for treatment (Rupani 

et al. 2010). 

T.ble 1.1: General characteristics of PO ME and effluent discharge standard by DOE. (DOE, 1999) 

Parameter Mean Range Effluent 

I standard 
discharge I 

pH 4.2 3.4-5.2 5-9 

Biological Oxygen 

Demand (BOD; 3

day,30°C 

25000 10000-44000 100 

Chemical Oxygen 

Demand (COD) 

50000 16000-100000 * 

Total Solids (TS) 40500 
I 

11500-79000 * 
Total Suspended 

Solids (TSS) 

18000 5000-54000 400 

Total Volatile 

Solids (TVS) 

34000 9000-72000 
I-

Oil & Grease 

(O&G) 

6000 150-18000 50 

Ammoniacal 

Nitrogen (NH3-N) 

35 .", 4-80 150 

Total Nitrogen 

(TN) 

750 80-1400 200 

PhosphoIous 180 - -
Note: All parameter's unit in mglL except pH. 

*No discharge standard after 1984. 

According to Malaysia Palm Oil Board (MPOB), 0.65 ton POME is generated from every 

processed ton of fresh fruit bunch (FFB). Besides that, 5 tonnes of empty fruit bunches, 1 

t nnes of press fiber from the mesocarp, 1 tonnes of palm trunks, 0.5 tonnes of palm kernel 

endocarp and 0.25 tonnes of kernel press cake can also be generated as the waste from the 
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