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ABSTRAK

Sisa berwarna daripada aktiviti industri memberi kesan kepada persekitaran dan
kesihatan manusia. Pelbagai kaedah telah digunakan untuk menyahwarna sisa ini
termaksuklah kaedah yang menggunakan aplikasi elektrik. Kajian ini dilaksanakan
untuk menyelidik kelakuan larutan yang mengandungi bahan pewarna Azo asid oren 7
oleh elektrik. Fokus kajian ini menjurus kepada kesan penyahwamnaan oleh faktor
ketumpatan arus elektirk, kepekatan pewarna dan tempoh aliran arus elektrik. Sel kimia
yang mudah disediakan dengan menggunakan dua kepingan diperbuat daripada besi
tulen dan besi campuran. Keberkesanan kaedah ini ditentukan melalui pengukuran
peratus penyingkiran warna dan penyerapan. Peratus penyingkiran warna adalah lebih
tinggi daripada peratus penyingkiran penyerapan. Semasa proses dijalankan apabila
jumlah ketumpatan arus elektrik dan tempoh aliran arus elektrik semakin bertambah,
penyahwarnaan turut meningkat. Berdasarkan analisis MINITAB™, ketumpatan arus
elektrik, kepekatan pewarna dan tempoh aliran arus elektrik memang mempengaruhi
peratus penyingkiran warna.. Kecekapan penyahwarnaan bagi kepekatan antara 100 mg/l
dan 200 mg/l boleh ditingkatkan kepada 95% penyingkiran warna dan 88%
penyingkiran penyerapan pada tempoh aliran arus elektrik 18 minit dan ketumpatan

arus elektrik pada nilai 120 A/m”.
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ABSTRACT

Colouring effluent from industrial activities may affect environment and human
health. Many methods have been used to decolourise such effluent including using
electricity. This study was performed to investigate the behaviour of decolourisation of
solution containing Azo Acid Orange 7. This study was focusing on the effect of
decolourisation due to current density, dye concentration and duration of current flow.
Simple electrochemical cell was prepared by using iron and steel plate electrode. The
effectiveness of the method was determined by measuring percentage of colour and
absorbance removal. The percentage of colour removal was higher then the percentage
of absorbance removal. It is found that decolourisation was directly proportional to
current density, duration of electric current flow and concentration of the dye. Based on
MINITAB™ analysis current density, duration and concentration does affecting the
percentage of colour removal. The efficiency of decolourisation for 100 mg/l to 200
mg/l concentration was able to increase up to more 95% of colour removal and more
than 88% of absorbance removal when duration was 18 minutes and current density was

120 A/m?.



2.5 Colour removal technique

2.5.1 Colour removal technique using electricity

METHODOLOGY

3.1 Introduction

3.2 Preparation of apparatus

3.3 UV/VIS spectrophotometer Jasco model 7800

3.4  DR/4000 (Hach) spectrophotometer

3.5  Preparation of electrode

3.6  Preparation of artificial wastewater

3.7  Preliminary laboratory test

3.7.1 Decolourisation under the influence of different
current density

3.7.2 Decolourisation under the influence of different
duration

3.7.3 Decolourisation under the influence of different
concentration.

3.7.4 Decolourisation with fixed concentration.

3.8  Final laboratory test

RESULT AND DISCUSSION
4.1 Introduction

4.2  Preliminary laboratory test

43 Final laboratory test

44  Response surface method (RSM)

4.4.1 Response Surface Method (RSM) for
decolourisation

4.4.2 Response Surface Method (RSM) for
absorbance removal

4.5 Behaviour of decolourisation

13
16

19
19
20
24
24
24
25
25

27

27

28
28
29

31
31

31
38
39

39

39
41



2.5

Colour removal technique

2.5.1 Colour removal technique using electricity

METHODOLOGY

3.1 Introduction

3.2 Preparation of apparatus

3.3 UV/VIS spectrophotometer Jasco model 7800

3.4  DR/4000 (Hach) spectrophotometer

3.5  Preparation of electrode

3.6  Preparation of artificial wastewater

3.7  Preliminary laboratory test

3.7.1 Decolourisation under the influence of different
current density

3.7.2 Decolourisation under the influence of different
duration

3.7.3 Decolourisation under the influence of different
concentration.

3.7.4 Decolourisation with fixed concentration.

3.8  Final laboratory test

RESULT AND DISCUSSION

4.1 Introduction

4.2  Preliminary laboratory test

43 Final laboratory test

44  Response surface method (RSM)

4.4.1 Response Surface Method (RSM) for
decolourisation

4.4.2 Response Surface Method (RSM) for
absorbance removal

4.5 Behaviour of decolourisation

13
16

19
19
20
24
24
24
25
25

27

27

28
28
29

31
31

31
38
39

39

39
41

viii



LIST OF TABLES

TABLE NO. TITLE

Table 2.1 Industrial sources of water pollution
Table 2.2 Typical characteristic of dyes used in textile industry
Table 4.6 CCRD experimental results using MINITAB™

PAGE

40



FIGURE NO.

Figure 2.1
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5
Figure 4.6

Figure 4.7

LIST OF FIGURES

TITLE

Structure of Azo Acid Orange 7 (CI No. 15510)
Schematic diagram arrangement of apparatus
Detailed schematic diagram of electrode location
UV/VIS spectrophotometer Jasco model 7800 at 480 nm
DR/4000 (Hach) spectrophotometer

UHQ-Elgastat 120

Percentage changes of decolourisation and removal to
current density.

Percentage changes of decolourisation and removal to
duration

Percentage changes of decolourisation and removal to
concentration

Comparison between absorbance removal and colour
removal current density

Relationship between absorbance and concentration
Percentage changes of decolourisation and removal to
current density

Percentage changes of decolourisation and removal to

duration

PAGE

11

21

22

23

23

26

35

36

36

37
37

37

38

X1



Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

Figure 4.15

Figure 4.16

Figure 4.17

Figure 4.18

Figure 4.19

Surface plot of percentage decolourisation under the
influence of current density and duration

Contour plot of percentage decolourisation under the
influence of current density and duration

Surface plot of percentage decolourisation under the
influence of current density and concentration
Contour plot of percentage decolourisation under the
influence of current density and concentration
Surface plot of percentage decolourisation under the
influence of duration and concentration

Contour plot of percentage decolourisation under the
influence of duration and concentration

Surface plot of percentage removal under the
influence of duration and current density

Contour plot of percentage removal under the
influence of duration and current density

Surface plot of percentage removal under the
influence of concentration and current density
Contour plot of percentage removal under the
influence of concentration and current density
Surface plot of percentage removal under the
influence of concentration and duration

Contour plot of percentage removal under the

influence of concentration and duration

42

43

43

44

44

45

46

47

47

48

48

49



LIST OF SYMBOLS

Ao

Co

Initial absorbance
Final absorbance
Initial color (ADMI)
Final color (ADMI)

xiii



APPENDIX

A

LIST OF APPENDICES

TITLE

Result of experiment with 10 minutes duration, 50 mg/1
concentration of azo acid orange 7, 500 ml volume of
sample, 100 rpm rate of stirrer, 3 cm distance between
electrodes, plate steel cathodes and plate iron anode with
size 50 mm x 50 mm x Imm.

Result of experiment with 80 a/m” of current density, 50
mg/l concentration of Azo acid orange 7, 500 ml volume
of sample, 100 rpm rate of stirrer, 3 cm distance between
electrodes, plate steel cathodes and plate iron anode with
size 50 mm x 50 mm x Imm.

Result of experiment with 10 minutes duration, 80 A/m®
of current density, 500 ml volume of sample, 100 rpm
rate of stirrer, 3 cm distance between electrodes, plate
steel cathodes and plate iron anode with size 50 mm x 50
mm X Ilmm.

Result of experiment with 18 minutes duration, 100 mg/I
of concentration, 500 ml volume of sample, 100 rpm rate
of stirrer, 3 cm distance between electrodes, plate steel
cathodes and plate iron anode with size 50 mm x 50 mm
x Imm.

Result of experiment with 160 A/m” of current density,
100 mg/1 of concentration, 500 ml volume of sample,
100 rpm rate of stirrer, 3 cm distance between electrodes,
plate steel cathodes and plate iron anode with size 50
mm x 50 mm x Imm.

Output of RSM analysis color removal



Output of RSM analysis for absorbance removal

Figures of laboratory test

63

64

XV



CHAPTER 1

INTRODUCTION

1.1  Background

Colour is a visible pollutant and its presence not only hampers the aesthetic
quality of surface waters but also affects and alters the aquatic ecosystem by reducing
the penetration of light (Prabhakara et.al, 1990). The development of industry and
improvement of human life, cause more and more dyes are used and needed. Dyes are
coloured, ionising, aromatic organic compounds (Fessenden et.al, 1990). A wide variety
of dyes are used by industry and released into the environment as industrial effluents.
Textile are the industry that largely using this product. These dyes have to be highly
stable in everyday use and resistant to microbial degradation. Azo dyes are the largest
class of dyes used in industry. In general, bacteria are not able to degrade Azo dyes.
However, some anaerobic bacteria in intestinal micro flora have been demonstrated to
degrade a few Azo dyes. Under these conditions the Azo can be toxic and potentially

carcinogenic (Maarit et.al, 2000).



Dyes caused serious environmental pollution and health problem in many ways.
Highly colour dye wastewater, contain a large amount of chemical ( Qian and Gu. ,
1994). That’s make the treatment of dye wastewater are important. The treatments of
dye wastewater are expensive, so water —reused is attractive practice that able to give
and operation and cost effective treatment system (Eroglu et.al, 1991). The treatments of

textile wastewater are based on chemical and biological treatment (Nicolaou et.al, 1992).

One of alternative way that has been used to treat dye wastewater is by using
system that used electric energy (Daneshvar et.al, 2004). Example of method that used
electric energy is electrocoagulation, electrolysis and many more. This study was using
the application of electrolchemical to treat coloured wastewater. This system has been in
existence for many years. The process is based on principles involving responses of
water contaminants to strong electric fields. According to Daneshvar et.al (2004), the
chemistry, pH, particle size and chemical constituent of wastewater are influencing this
process. The range of current density, duration of current flow and dye concentration
was used for this study was based on study done by Daneshvar .et.al. But the study done
by Daneshvar was using Acid Red 14, while for this study Azo Acid Orange 7 was used.
Azo Acid orange 7 was used to determined the applicability of the process to others type
of colours. Azo dye was chosen because almost half of the dyes used in textile industry
are Azo type and it caused environmental problem when 15% of it discharge into the

environment without proper treatment ( Mat Daud, 2003)

The test was conducted by using plate steel cathodes and plate iron anode with
size 50 mm x 50 mm x 1 mm and distance between electrode is 3 cm. Artificial
wastewater was prepared by mixing Azo acid orange 7 dye with discharged water. The
concentration of the artificial wastewater was between 25 mg/] to 200 mg/l. Volumes of
artificial wastewater that was used for each test was 500 ml. Current density that was
used between 40 A/m? to 240 A/m?. The duration of current flow for each test were with

in 5 to 25 minutes, each stage required different sample. The initial and final absorbance



and colour for each sample were determined in order to determine the behaviour of
decolourisation of the sample. The initial and final absorbance was determined by using
UV/VIS spectrophotometer Jasco model 7800 to calculate the percentage of absorbance
removal. Colour was measured to determined the physical condition of the sample in
term of it colour. Absorbance was measured to determine the concentration of sample.
Value of colour must equal to value of absorbance. By measuring the absorbance at the
same time it able to conform value of colour that has been obtained. The percentage of

removal was determined by using formula below:

Absorbance removal (%) = Ao —4 x 100
Ao ¢))
Ao = initial absorbance

A = final absorbance

The initial and final colour was determined by using DR/4000 (Hach)
spectrophotometer. The percentage of colour removal was determined by using formula

below;

Colour removal (%) = Co —C x 100
Co

Co = initial colour (ADMI)
C = final colour (ADMI)

Laboratory works were divided into two stages, which was preliminary laboratory test
and final laboratory test. Results obtain in preliminary laboratory test and final

laboratory test was used in the MINITAB™ analysis. Based on the result of the



MINITAB™ analysis, the most significance factor that influencing decolourisation of

Azo acid orange 7 was able to obtain.

1.2 Problem statement

Fabrics are important to all humankind. People used fabric to make clothes and
others household equipment. Due to high demand of fabric a lot of fabrics are made to
fulfil this demand. In the process of making fabric a lot of colours were used in dyeing
process. In the dyeing process highly coloured wastewater were produced as the process
involved a lot of water. According to Jabatan Alam Sekitar, Malaysia is experiencing
rapid economic growth of textile industries and this caused a lot of highly coloured

textile effluent produced.

The wastewater effluents from the dyeing process are colourful and their
decolourisations are very important before discharge. Dyes need to be treat before
discharge because it affects the environment and human health (Zee et.al 2002). In order
to have sustainable development this effluent must be treated, as the effluent is

aesthetically unpleasant when discharge to receiving water and can be polluted.

Various physical and biological technique such as membrane filtration,
electrolysis, flocculation, ion exchange, oxidation, aerobic, anaerobic, anoxic and
biodegradation were used to removes the dye from the effluent. According to Daneshvar
et.al, (2004), the effective methods are by using activated carbon or oxidation process
but the cost are really high. As an alternative method which using electric energy in the

process was used. This process has a fast rate of pollutant removal, simplicity in



operation, low operating and equipment cost (Daneshvar et.al, 2004). This process has
been tested successfully to treat many kind of wastewater such as restaurant wastewater,
urban wastewater, defluoridation of water and many more. It is expected that this
method would be an ideal choice for decolourisation of dye solution. But the
performances of this method are not well defined as it is considered to be new method in
treating textile wastewater. By doing this study, hopefully it able to give more

information about it.

This study investigates the effectiveness of using electricity in treating textile
effluent. But this study was focusing in Azo dye, since Azo are the largest class of dye
used in textile industry (Zee, 2002) and it’s constitute a major class of environmental
pollutant (Tan and Gu, 2001). Furthermore, Azo dye can be toxic and potentially
carcinogenic (Maarit et.al, 2000). This study were focusing in determined the behaviour
of decolourisation of Azo Acid Orange 7 by using electricity under the influence of

current density, duration of current flow and concentration of dye.

The entire test was done by using plate steel cathodes and plate iron anode.
Anode, withdraw electrons from the electrode material, which result in release of Fe(II)-
ions produced iron hydroxide. Then cathode produces H, gas from water. Iron
hydroxide that remains in aqueous stream as a gelatinous suspensions removed the
pollutant by complexation or electrostatic attraction. H, gas produced in cathode form
bubble and caused the floc produced to be floating on the surface of water. Organic
compound from dyes react through a combination of electrochemical reduction, electro-

coagulation and electrofloatation reactions (Ching et.al, 2005).



1.3

Objective of study

To determine the behaviour of decolourisation of Azo acid orange 7 by using

electricity under the influence of current density, duration of current flow and dye

concentration.

14

Scope of study

There were some matters to be considered, under the laboratory work which were:

1.

The test conducted by using plate steel cathodes and plate iron anode with size
50 mm x 50 mm x 1mm and distance between electrodes is 3 cm.

Artificial wastewater was made from Azo acid orange 7 dyes, the concentration
was in the range of between 25 mg/1 to 200 mg/1.

Volumes of artificial wastewater used, 500 ml.

The current density used between 40 A/m” and 240 A/m*

The duration of current flow for each test were with in 5 to 25 minutes, each
duration stage required different sample

The laboratory works were focusing in obtaining initial and final colour and

absorbance change for each test.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Surface water becomes coloured by pollution caused by highly coloured
wastewater (Sawyer et.al, 1994). Coloured wastewater was waste from dyeing operation
in paper, leather, and textile industry. In Malaysia textile industry is the largest industry
that discharged highly coloured wastewater (Japan Consulting Institute, 1993). Coloured
wastewater affecting environment and human health if directly discharge without
treatment. That’s make the treatment of dye wastewater are important. There are many
treatment used to treat dyes effluent including using electricity. However, the

performances of this process are not well defined

2.2 Water pollution by textile industry

Water is so common that we take it for granted. Moreover, its covers nearly

three-fourth of the surface of the earth. Water pollution problems in any part of world



are far worse from day to day. In 1998, it has been estimated that in year 2000, 2.2
billion people in the developing countries will lack access to safe drinking water
(Gilbert, 1998). What are the causes of this problem? The answer is due to human
activity and unbalanced development. Water that has been withdrawn, used for some
purposed and returned will be polluted in one-way or another. Agricultural return water
containing pesticides, fertilizer, and salt, municipal return water containing human
sewage, industry returned water-containing chemical. All of this is due to human
activity. When water was polluted, the water become unsuitable for drinking water and

habitat for aquatic live.

Wastewater discharged from textile industry characterized by high chemical
demand (COD), low biodegradability, high salt content and is the source aesthetic
pollution related to colour (Alinsafi et.al, 2004). Dyes formula contain numerous
auxiliary ingredients for desizing, scouring and mercerising (Wu et.al,1998). The salt
and heavy metal from highly coloured wastewater are toxic to aquatic live (Wu et.al,
1998). While some of dye such as Azo dye is carcinogenic, this can cause serious health
problem such as cancer (Maarit et.al, 2000). This caused the treatment of dye before

discharged are important in order to ensure sustainable development able to achieve.

Based on report wrote by Japan Consulting Institute (1994), textile industry is the
fifth major industry that become source of environmental problem ( fable 2.1). However,
in term of colouring effluent textile industry is the largest industry discharging colouring
effluent. So it is important to studies treatment process that is efficient to reduce the

colour in the effluent. In order to ensure our water are safe for future generation.

Japan Consulting Institute (1994) report wrote that, in Malaysia, textile industry
is the second largest industry following the electric appliance industry in term of export.

Since the domestic market for the product is small, so most of products are exported.



The export amount reached 6433 million in 1992. Due to growth of the industry, textile
companies has formed Malaysia Textile Manufacturer Association (MTMA). In 1994
number of member registered in MTMA was 290. All of this factories scattered around

Selangor, Johor, Pulau Pinang, Terengganu, Kedah and Kelantan

Table 2.1 Industrial sources of water pollution
Type of industry Percentage, %
Palm oil 11.6

Raw natural rubber 8.6

Rubber and product 14.1

Food and beverage 40.5

Textile and leather 9.0

Paper 4.4

Chemical 11.8

Total 100

(source : Environmental Quality report 1991)

In accordance with the development of textile industry, the pollution of
environment by the industry has become apparent. Especially coloured wastewater
discharge from dyeing factory. Coloured wastewater caused serious environmental
problems in various locations. As example in Penang, visitor enjoying diving but at the
same time wastewater from dyeing factories was flows into the diving area (DOE,
1997). Previously DOE has conducted investigation in the bigger textile company.
Based on their report, bigger textile industry does equipped with treatment facilities.
However, for coloured problem the factories not able to solve the problem of
decolourisation. Many of factories discharge coloured wastewater without any treatment
because colour is outside the scope of regulation. For small to middle size factory they
don’t event have treatment facilities to reduced pH, TSS, COD,BOD, temperature and

all the hazardous chemical. This caused the pollution caused by textile industry become
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worst. To reduce water pollution caused by textile industry, study must be done to treat

the textile effluent efficiently.

2.3 Dyes

According to Allen (1971) dye is a coloured substance that can be applied in
solution or dispersion to a substrate, thus giving it a coloured appearance. Usually a
substrate is a textile fibre, but it may be paper, leather, hair, fur, plastic material, wax, a
cosmetic base or a foodstuff. Dyes may be classified in several ways, according to it’s
chemical constitutions, application class, or end-use (DOE,1997). The primary
classification of dyes is based on the fibres to which they can be applied and the
chemical nature of dye. Each different dye is given colour index (C.I) generic name
determined by its application characteristic and colour (Zee, 2002). Society of Dyers and
Colourist and the American Association of Textile Chemist and Colourist edited C.1
every three month. Previously, 28000 commercial dyes name was list by C.I. Table 2.2

list the major class of dyes used by the textile industry.

However, this study only focusing in one type of dyes which was Azo dye. Azo
dye is the largest class of dye used by textile industry (Zee, 2002). Moreover, according
to Allen (1971), Azo dyes account for over 60% of total number of dye manufactured.

That is why Azo acid orange 7 was used to represent Azo class of dye for this study.
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2.4  Azo dye

Azo dyes are the most widely used dyes in industry with a world market share
60-70% (Sen and Demirer, 2003). Approximately 10000 Azo dye are currently
manufactured and it is estimated that at least 15% of these are released into the
environment (Donlon et.al, 1997). They occur in industrial effluent, groundwater,
contaminated soils and sediments. These organic solution will degrade under anaerobic
condition naturally (Sen and Demirer, 2003). This process generated aromatic amines.
Aromatic amines are suspected to be mutagenic and carcinogenic. Moreover, it can

cause serious danger to aquatic life and human life.

The chemistry of this dyes ranges from simple monoazo compounds to complex
polyazo structure and their property varied (Allen, 1971). This dyes are characterized by
nitrogen to nitrogen double bond (N=N) (Donlon, B. et.al, 1997). There are various class
of dye that contain Azo compound including direct dye, acid dye, reactive dye, dispersed
dye, pigment dye, basic dye and mordant dye (Zee, 2002). The colour in Azo dyes is due
to the azo bond and associated chromophres (Sen and Demirer, 2003). Azo acid orange
7 was the type of dye that used in this study. It is also kwon as naphthalene orange G
and equivalent to Raussin’s orange II. Maximum wavelength of Azo acid orange 7 is
480 nm. It is in monoazo groups. Figure 2.1 shows molecule structure of Azo acid

orange 7.

HO,

@ \/_\

Figure 2.1  Structure of Azo Acid Orange 7 (CINo. 15510)

NaSO3
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2.5 Colour removal technique

Various physical and biological pre-treatment and post-treatment can be used to
decolourise dye in coloured wastewater. Physicochemical techniques including
membrane filtration, coagulation, flocculation, precipitation, floatation, adsorption, ion
exchange, ultrasonic mineralisation, electrolysis, advanced oxidation, and chemical
reduction. While biological technique including bacterial and fungal biosorption and
biodegradation in aerobic, anaerobic, anoxic or combined anaerobic/aerobic treatment
processes. In choosing type of treatment several factor need to be consider such as type
of dye to be treat, composition of wastewater, cost of required chemical, cost of
operation, handling cost of waste product generated. It is up to the industry to choose

which treatment is suitable for their factory. (Zee, 2002)

Membrane filtration is usually used to treat reactive dye bath effluent, because it
could potentially reduced waste volume while simultaneously recovering salt (Sen and
Demirer, 2003). Moreover, it can separate two or more component from liquid stream by
their molecular size. The advantages of membrane filtration is it is a quick method with
low spatial requirement and the permeate can be reused. Disadvantages of membrane
filtration are flux decline and membrane fouling, necessitating frequent cleaning and
regular replacement of modules, concentrate generates required further treatment and the

capital cost is high (Zee, 2002).

Adsorption and ion exchange can be used to remove dye by using activated
carbon (Zee, 2002). Activated carbon adsorption has been extensively studied as a waste
treatment method for the removal of different classes of dyes from wastewater.
Generally, carbon adsorption of dye in neither very efficient nor economical when used
alone. However, when used in tandem with polymer flocculation, chemical reduction or

biodegradation, it becomes a very useful polishing step for efficient dye removal
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(Abraham and Freeman, 1996). Several factors such as pH, contact time, carbon dosage
and choice of activated carbon must be taken into consideration for optimum removal of
dyes from wastewater (Abraham and Freeman, 1996). Commercial activated carbon can
be made from lignite and bituminous coal, wood, pulp mill residue, coconut shell, and
blood (Abraham and Freeman, 1996). However, many other type of absorbance material
can be used such as palm fruit bunch particle, rice husk wheat straw and many more
(Zee, 2002). Study done by Othman et.al (2005) proved that carbon made from oil palm
kernel shell (MOPKES) has potential ability to be used as adsorbent material. Multiple
choice of absorbance material gives advantages to the process. Since the material are
easily obtain in the market and most of it are material that are un-wanted by the
manufacturer. This process able to reduced amount of solid waste produced by the
manufacturer since it used material that will be disposed. Disadvantages of this
treatment are it produced waste sludge that required to be treat and disposed off (Zee,

2002).

Advanced oxidation process can also be used to remove dye. It can be defined as
oxidation of compounds with an oxidation potential higher than that of oxygen.
Advanced oxidation processes based on generation of highly reactive radical species that
can react with wide range of compound that is difficult to degrade such as dye
molecules. Advanced oxidation process including chlorination, bleaching, ozonation,
fenton oxidation and photocatalytic oxidation. But ozonation, UV/H,0,, Fenton’s
reagent (Fe*/H,0,) and UV/TiO," are the most widely advanced oxidation processes

that have been widely studied. (Zee, 2002)

Chemical oxygen demand (COD) and colour can be removed from coloured
wastewater by flocculation and coagulation. Usually this process used during pre-
treatment or post treatment. The process required addition of coagulant that associate
with the pollutant then form flocs that remove from wastewater. Usually lime,

magnesium, iron and aluminium salt is used as coagulant. Disadvantages of this process
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it produce toxic sludge that must be properly disposed. Recently, organic polymer
coagulant is added to reduce the volume of sludge produce. However most of the

polymer used in colour removal is potentially toxic to aquatic life event at very low

concentration. (Zee, 2002)

Biological dye removals are based on microbial biotransformation of dyes. Dyes
are not easily biodegrade. Generally, Azo dyes are resisting to aerobic bacterial
biodegradation. Only bacteria with specialized Azo dye reducing enzymes were found to
degrade Azo dyes under fully aerobic condition. Breakdown of Azo linkage by reduction
under anaerobic reduction implies decolourisation as the Azo dyes are converted to
colourless but at the same time potentially harmful aromatic amines. Then this aromatic
amines will go further conversion under aerobic condition. Usually it implies combined
anaerobic and aerobic treatment to ensure efficient dye removal treatment. Disadvantage
of this treatment the anaerobic of Azo dye reductions are relatively slow so it required

long time for treatment process. (Tan, 2001)

Based on all the process that has been discussed, none of the process 1s perfectly
able to remove colour from the coloured wastewater. Since there will always be a pro
and contrast in term of cost, efficiency, and by product produced. It proved that each
technique has its limitations. Most of treatments nowadays consist of combination of
different technique such as electrocoagulation. This study was based on electrochemical
process including the principle and reaction involved throughout the decolourisation of
the dye. As been explained before this process involved the application of electricity.
This treatment is considered new in textile industry. Not much was know about the
application of the process in treating coloured wastewater from textile industry. By
doing this study it able to give more information about the behaviour of the process in

removing colour from dye solution.
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2.5.1 Colour removal technique using electricity

Treatment that used electricity has been tested successfully to treat others
wastewater such as restaurant wastewater and urban wastewater. Basically when
electricity was used in the treatment, electrolysis process occurred. It is based on
applying an electric current through the wastewater to be treated by using electrodes.
Anode is a sacrificial metal (usually iron) electrode that withdraws electron from the
electrode material, which result in release of Fe(II)-ions into the bulk solution. Iron upon
oxidation produced iron hydroxides that remains in aqueous stream as a gelatinous
suspensions removed the pollutant by complexation or electrostatic attraction
(Daneshvar et.al, 2004). Then cathode produces H, gas from water and cause the floc
form to be floated at the surface ( Zee, 2002). Organic compound from dyes react
through a combination of electrochemical reduction, electrocoagulation and

electrofloatation reactions (Ching et.al, 2005).

The used of electricity in treating wastewater have been in existence for many
years. It has been practiced since 20™ century to treat wastewater but with limited
success (Daneshvar et.al, 2004). At that time, the technology was primitive, electric
power was expensive, and wastewater does not appear to be a major treat to the
environment (Abraham and Freeman, 1996). Numerous methods for electrolytic
treatment have been developed since then. However, in the last decade it has been

increasing used in South America and Europe.

This process has been tested successfully for treating variety of wastewaters such
as restaurant wastewater, urban wastewater, defluoridation of water, separation of
aqueous, suspension of ultrafine particle, and removal of nitrate from water (Alinsafi
et.al, 2004). According to Abraham and Freeman (1996), this process able to removed
BOD, COD, total organic carbon, total dissolved solid, total suspended solids, and heavy
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meta] such as chromium, copper, molybdenum and zinc. However, the performances of

this approach in treating textile wastewater are not well defined.

This process is based on principles involving responses of water contaminants to
strong electric fields. Basically it is the combination of electrolysis and coagulation
method. Compare to convectional coagulation this process has advantages in removing
small colloidal particles, have lager probability of being coagulated becausc of electric
field that set them in motion and produce low sludge. Generally, treatment of coloured
wastewater is highly in cost. However, this process offers low cost for operating and
maintenance (Ching et.al, 2005). Furthermore, the equipment is simple and easy to be

operated (Alinsafi et.al, 2004).

This process involved the formation of flocs of metal hydroxides within the
effluent to be cleaned by electro-dissolution of soluble anodes. This process will
destabilizing and aggregating fine particle (Chen et.al, 2000). In the mean time, tiny
hydrogen bubble produced at the cathode induce the floatation of most flocs, and
helping successfully separate particle from wastewater ( Alinsafi et.al, 2004). Three
main processes occur during the process, electrolytic reactions at the surface of
electrodes, formation of coagulant in aquebus phase, adsorption of soluble or colloidal
pollutants on coagulants, and removal by sedimentation or floatation ( Alinsafi et.al,

2004).

In order to optimise the treatment process several parameter such as size, shape,
and distance between electrode, current density, pH, reaction time must be properly
selected ( Alinsafi et.al, 2004). It is important to select properly the condition of

parameter to ensure the cost for treatment and removal efficiency according to nceds.
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There were many type of electrode in term of material, size, shape and
arrangement. Each different type of electrode affecting the process differently. Study
done by Daneshvar (2004), showed that electrocoagulation with several electrodes was
more effective compare to simple cell. The shape of electrode such as plate and rod gave
different affect to the process. Plate electrode has more surface area compare to rod
electrode. Distance between electrodes is important. The distance of electrode used by
Ching et.al (2005) was 1 mm distance, while Alinsafi et.,al (2004) used 2 mm and Chen
et.al (2000) used 3mm. Basically the most suitable condition of parameter for the

process are depending on the wastewater property that required to be treated.

Treatment of textile wastewater by using electricity is a proven technology for
removing colour. However only limited research has been conducted about this method.
These cause it is hard to obtain the range of current density, pH, duration and
concentration that suitable for the treatment. But when utilised properly the process able

to gave cost-effective method to treat textile effluents. (Abraham and Freeman, 1996)



CHAPTER 3

METHODOLOGY

3.1 Introduction

Method of the study was based on laboratory work and MINITAB™ analysis.
MINITAB™ analysis was used to reduce amount of experiment that required to be
carried out. More than 80% amount of experiment was able to reduced. However in
order to used MINITAB™ analysis, the laboratory works were divided into two stages.
Which was preliminary laboratory test and final laboratory test.

The range of current density, duration of current flow and concentration was a
prerequisite for MINITAB™ analysis. Therefore, preliminary laboratory test was carried
out, so that range of factor that give more then 80% decolourisation and absorbance
removal was determined. While final laboratory test was carried out based on design of
experiment (DOE). DOE is one of application in MINITAB™ analysis. DOE analysis
was done based on the range obtained in the preliminary laboratory test. DOE analysis

was use to obtained the value of current density, duration and concentration for each
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experiment. The result obtained from DOE was analysed by using respond surface
method (RSM). The most significance factor that influence the decolourisation of Azo
acid orange 7 were determined by using RSM analysis. Finally, two types of graph were
obtain which was surface plot and contour plot that are useful in giving a better
understanding of the behaviours of decolourisation of Azo acid orange 7 under the

influence of current density, duration and concentration of dye.

3.2.  Preparation of the apparatus

The apparatus used for the test was:
1. DC power supply (range between 40 A/m? to 240 A/m?)
2 Milliamp meter
3. Circuit board with positive and negative connection.
4 Anode from iron and cathode from steel with size of 50 mm x 50 mm x
Imm.
Glass stirrer
Electrochemical reactor

Timer to measured the duration

© N N W

Vacuum filtration equipment

During the process, flocs were form and floating at the surface of sample (refer appendix
H). To remove the flocs, sample was filtered by using vacuum filtration equipment.
Absorbance and colour was measured before the process started and after sample was
filtered. The equipment required to measured absorbance was UV/VIS
spectrophotometer Jasco model 7800 at 480 nm (figure 3.3). While, DR/4000 (Hach)

spectrophotometer was used to determine percentage of decolourisation (figure 3.4)
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DC power supply
Miliameter

fron anode (*) —Steel cathode (-)
\

L] L L—— Magnetic bar stirrer
o

——— Magnetic stirrer

Figure 3.1 Schematic diagram arrangement of apparatus
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Figure 3.2 Detailed schematic diagram of electrode location



Figure 3.3

UV/VIS spectrophotometer Jasco model 7800 at 480 nm

Figure 3.4  DR/4000 (Hach) spectrophotometer
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33 UV/VIS spectrophotometer Jasco model 7800

This instrument measured the absorption of a sample in the ultraviolet region of
200 to 1100 nm wavelength to make quantitative analysis. It uses a deuterium lamp in
the ultraviolet region, a tungsten iodine lamp in the ultraviolet region and a tungsten
iodine lamp in the visible to near infrared region as the light source. The light from the
light source passing through a high order light source, after passing through a high order
light cut-off filter, goes to the monochromator that uses a concave diffraction grating.
The light is monohromated by the monochromator and is split into pass through the

sample. The unit of measurement are expressed in term of absorption.

3.4  DR/4000 (Hach) spectrophotometer

Colour removal was measured at 480 nm wavelength. Process of measuring
colour was same as the Jusco spectrophotometer. True colour was measured because the

sample was filtered before measurement. The unit of colours are in ADMI (American

Dye Manufactured Institute).

3.5  Preparation of electrode

The electrodes that were used made from iron and steel. The size was 50 mm x

50 mm x 1mm. The height of the plate was 50 mm while the width was 50 mm. The
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