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ABSTRACT
This experimental research aimed to study the appropriate conditions for the

treatment of reactive dye wastewater from the textile industry by using an
electrochemical process. The experimental conditions include wastewater pH of 4, 5,
6, 7 and 8, electrical current levels of 0.5, 1.0 and 1.5 A, reaction time of 20, 40 and
60 minutes and settling time of 30, 60 and 90 minutes.

It was discovered that electrical current level, reaction time and settling time
have significant effects on the treatment efficiency. When the electrical current,
reaction time and settling time are increased, color, Chemical Oxygen Demand
(COD) and suspended solids removal efficiencies are also increased.

Optimum conditions for highest treatment efficiency were found to include
pH of 5, electrical current of 1.5 A, reaction time of 60 minutes and settling time of 90
minutes. At this set of conditions, 92.47%, 45.90% and 81.51% of color, COD and SS
can be reduced, respectively. In order to treat a cubic meter of wastewater, 4.28 units
of electricity and 2.3 liters of concentrated sulfuric acid were required.

Color of treated textile water discharge complied with the U.S. Federal
regulation standard of 220 ADMI (American Dye Manufacturers Institute) when a
more favorable set of conditions was selected. This set of conditions included
wastewater pH of 5, electrical current of 1.5 A, reaction time of 40 minutes and
settling time of 30 minutes, which can remove 87.98% of color (from 1623 to 196
ADMI), 37.29% of COD, and 49.30% of suspended solids. Electricity consumption
can be reduced from 4.28 units down to 2.85 units per a cubic meter of wastewater
treated. To lower the pH value to 5, 2.3 liters of concentrated sulfuric acid is
consumed.
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บทคัดยอ
การวิจัยคร้ังนี้มีวัตถุประสงคเพื่อศึกษาสภาวะที่เหมาะสมของกระบวนการไฟฟาเคมีใน

การบําบัดน้ําเสียสีรีแอกทีฟ โดยทําการทดลองที่สภาวะตางๆกัน คือ ระดับพีเอชของน้ําเสียกอน
บําบัด 4, 5, 6, 7 และ 8 ปริมาณกระแสไฟฟา 0.5, 1.0 และ 1.5 แอมแปร  ระยะเวลาในการทํา
ปฏิกิริยา 20, 40 และ 60 นาที และระยะเวลาการตกตะกอน 30, 60 และ 90 นาที

ผลการทดลองแสดงใหเห็นวา ปริมาณกระแสไฟฟา ระยะเวลาในการทําปฏิกิริยาและ
ระยะเวลาการตกตะกอน  เปนปจจัยสําคัญที่มีผลตอประสิทธิภาพการบําบัด โดยเมื่อใชระดับ
กระแสไฟฟา ระยะเวลาในการทําปฏิกิริยา และระยะเวลาการตกตะกอนเพิ่มขึ้น  สงผลให          
ประสิทธิภาพในการลดคา  สี ซีโอดี และของแข็งแขวนลอยมีแนวโนมเพิ่มขึ้น

ประสิทธิภาพสูงสุดในการบําบัด สภาวะที่เหมาะสมคือ เมื่อน้ําเสียมีคาพีเอช 5 ใชปริมาณ
กระแสไฟฟา 1.5 แอมแปร ระยะเวลาในการทําปฏิกิริยา 60 นาที และระยะเวลาการตกตะกอน 90 
นาที  สามารถลดคา สี  ซีโอดี   และของแข็งแขวนลอยไดสูงถึง รอยละ  92.47  45.90 และ  81.51
ตามลําดับ โดยใชปริมาณกระแสไฟฟา  4.28  หนวยตอน้ําเสีย  1  ลูกบาศกเมตร และใชปริมาณกรด
กํามะถันเขมขนในการปรับคาพีเอช  2.3 ลิตร ตอน้ําเสีย 1 ลูกบาศกเมตร

กรณีเพียงเพื่อตองการบําบัดสีของน้ําเสียจากโรงงานฟอกยอม เพื่อใหไดตามเกณฑมาตร
ฐานน้ําทิ้งที่ไมเกิน 220 ADMI (U.S. Federal regulation) สภาวะที่เหมาะสมคือ เมื่อน้ําเสียมีคา
พีเอช 5  ใชปริมาณกระแสไฟฟา 1.5 แอมแปร ระยะเวลาในการทําปฏิกิริยา 40 นาที และระยะเวลา
การตกตะกอน 30 นาที โดยสามารถลดคา สี  ซีโอดี   และของแข็งแขวนลอยไดสูงถึง รอยละ
87.98 (ลดสีจาก 1623 ADMI เหลือ 196 ADMI)  37.29 และ  49.30 ตามลําดับ ทําใหใชปริมาณ
กระแสไฟฟานอยลง จาก 4.28 หนวยตอน้ําเสีย 1 ลูกบาศกเมตร เหลือ 2.85  หนวยตอน้ําเสีย 1
ลูกบาศกเมตร และใชปริมาณกรดกํามะถันเขมขนในการปรับคาพีเอช  2.3 ลิตร ตอน้ําเสีย 1
ลูกบาศกเมตร
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CHAPTER I

INTRODUCTION

1.1  Rationales and Justifications

The growing of the textile industries consumes large amount of water compared 

to other industries (1). Consequently, large volume of discharged wastewater has affected 

the water quality in the receiving waterbodies.

Weaving, bleaching, printing, and final furnishing are activities involved in textile 

industries. Each process consists of several steps, some of which generate wastewater, for 

example, thread coating with powder, high temperature boiling with base, powder 

removal, white bleaching, dyeing, and printing. Generated wastewater which is generally 

contaminated with dyes and contain high pH, temperature, suspended solids, and COD 

(2) is mostly treated with present technologies to attain the effluent standard.

However, decolorization of textile wastewater is not yet satisfied even it is treated. 

Moreover, dyes containing large complex molecules used in textile industries are 

concerned especially in aesthetic and ecotoxicological aspects when wastewater 

containing dyes is discharged into the receiving waterbodies (3). For example, light 

penetration into the water is hindered by dye particles; therefore, photosynthesis would 

then be stopped. As a result, the equilibrium of ecological system shifts (4). The greater 

volume of wastewater being discharged, the more severe the water pollution.

Several techniques such as physical, chemical, electrochemical, biological, and 

physical/chemical-biological processes can be used for decolorization (5). In order to  
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treat wastewater, chemical coagulation, biological treatment organic residues (2), or 

chemical coagulation followed by biological process can be used depending on 

wastewater characteristic and required efficiency.

Due to the fact that reactive dyes are readily dissolved in water, physical, 

biological and chemical precipitation systems are not able to treat wastewater with these 

dyes. Electrochemical process, however, is an alternative techonology for effective 

treatment of textile wastewater with less chemical requirement. Although it has high 

color, COD and BOD removal efficiency for certain types of dyes in the wastewater, it is 

not widely used because it is considered new and skillful system operators are required 

(6, 7, 8).

1.2 Objectives

1.2.1 General objective

To investigate the treatment efficiency of electrochemical process for the 

removal of color from reactive dye wastewater.

1.2.2 Specific objectives

1.2.2.1 To determine the color removal efficiencies of electrochemical 

process under the controlled pH of 4, 5, 6, 7 and 8.

1.2.2.2 To determine the color removal efficiencies of electrochemical 

process under the electrical current of 0.5, 1.0 and 1.5 Amperes.

1.2.2.3 To determine the color removal efficiencies of electrochemical 

process under the reaction time of 20, 40 and 60 minutes.

1.2.2.4 To determine the color removal efficiencies of electrochemical 

process under the settling time of 30, 60 and 90 minutes.
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1.3 Hypotheses

1.3.1 When the electrical current in the experiment increases from 0.5 Amperes to 

1.5 Amperes, the treatment efficiency to remove color from reactive dye wastewater by 

electrochemical process will be increased.

1.3.2 When the reaction time in the experiment increases from 20 minutes to 60 

minutes, the treatment efficiency to remove color from reactive dye wastewater by 

electrochemical process will be increased.

1.3.3 When the settling time in the experiment increases from 30 minutes to 90 

minutes, the treatment efficiency to remove color from reactive dye wastewater by 

electrochemical process will be increased.

1.4 Variables

1.4.1 Independent variables

- Influent pH

- Electrical current; Amperes (Amp.)

- Reaction time; Minutes (Min.)

- Settling time; Minutes (Min.)

1.4.2 Dependent variables

- Color; (ADMI)

- Chemical Oxygen Demand (COD); (mg/l)

- Suspended Solids (SS); (mg/l)

- Total Dissolved Solids (TDS); (mg/l)
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1.5 Scope of the Study

1.5.1 This study was an experimental research using a laboratory-scale reactor in 

which the steel electrode plates were installed.

1.5.2 Reactive dye wastewater was collected from dyeing factory in Samutprakarn

province.

1.5.3 The Electrochemical process was studied by using a batch reactor with 

designed experimental conditions including pH (4, 5, 6, 7, 8) electrical current (0.5, 1.0, 

1.5 Amp) reaction time (20, 40, 60 min) and settling time (30, 60, 90 min). The treatment 

efficiency is investigated in terms of pH, color, COD, SS and TDS removal.

1.6 Conditions and Limitations of Work

1.6.1 This experimental lab-scale reactor was conducted without any temperature 

control.

1.6.2 The wastewater samples used in this study were collected by grab sampling 

from a textile-dyeing factory in Samutprakarn, Thailand.

1.6.3 The arrangement of the electrochemical electrodes is bipolar configuration.

1.6.4 H2SO4 was used to adjust pH of the wastewater samples to the desired  

values.
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1.7 Definition of Keywords

1.7.1 Electrical current: Direct current electricity from AC/DC adapter, which can 

be adjusted by variable transformer.

1.7.2 Current density: When an electrical current (I) flows across at the right  

angle to a surface of area (A), there is said to be a current density (i) which is equal to the 

quotient of the electrical current and the surface area (i = I/A)

1.7.3 Contact area: The area of steel electrode plates that contacts with 

wastewater in electrochemical reaction.

1.7.4 Reaction time: The time that wastewater is treated with the electrochemical 

process in this study.

1.7.5 Settling time: The time of the settling after the electrical reaction.

1.7.6 COD: COD value that was analyzed from the clear part of the centrifuged 

sample.
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1.8 Conceptual Framework

Figure 1  Conceptual framework

Reactive dye wastewater

Analysis of pH, Color, COD,
SS, TDS

Electrochemical process
(Steel electrode plate)

Analysis of pH, Color, COD,
SS, TDS

Treatment efficiency



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 7

CHAPTER II

LITERATURE REVIEW

2.1 Colors of Water

2.1.1 Color perception

Color perception consists of 4 elements: object, color, optical nerve, and

light.  Light emitting from the sun is an electromagnetic wave, which has several

wavelengths.  The wavelength ranging from 400 to 700 nm can be perceived by human

eyes is called “visible spectrum” which can be separated into 6 colors: violet, blue, green,

yellow, orange, and red. The combination of those colors results the white light (3). A

colored object absorbs some ranges of the light wavelengths and scatters the rest. When

the scattered light reaches human eyes, color perception occurs.

2.1.2 Colors of Wastewater

Colors of water can be classified into 2 types (3,9), true and apparent

colors. True color such as colors of plants and organic substance results from the

homogeneous dissolubility of proteins, lipids, and carbohydrates. Apparent color results

from the reflection of the light from the sky or colloidal particles in the water such as

phytoplankton, zooplankton, and sediment. Separated by centrifuge, apparent color

settles while true color does not, and when the colors are removed, the color of water

appears.
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Dye particles, which dissolve and suspend in wastewater from bleaching

manufacturers, cause water pollution. Due to the suspended dye particles used in the

process, which cannot be removed by coagulation, the color of wastewater from

bleaching manufacturers can be categorized as true color.

2.1.3 Color Measurement and Instrument

There are several units currently used to measure the color of water such

as CIE, ADMI, and SU units described as follows (10).

1) CIE unit

Spectrophotometer and filter photometer can be used to measure the

color in CIE unit. The measured dominant wavelength and brightness imply hue and

clearness, respectively, except the brightness of non-luminescent object, which refers to

lightness. The lightness can be measured by luminance percentage and saturation (or

colorfulness). The higher lightness the color has, the livelier the color is.

2) ADMI unit

ADMI unit is a color measurement unit, which has been established

by American Dye Manufacturers Institute (ADMI) in order to serve the ecological

committee who studies the impact of dyes on the environment. To measure color in

ADMI unit, a filter photometer is used together with CIE tristimulus filters following the

2120E from the standard methods, 1995. Spectrophotometer can also used according to

the study of Allen et al (11).

When ADMI unit is used, colors will be measured in transmission

percentage. Therefore, colloidal particles and suspended solids must be removed from the

water sample before percent transmission is measured following the principle of Adams-

Nickerson Chromatic Value.
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3) SU unit

The absorbance at only one dominant wavelength, which was

formerly measured, is not longer practical according to the fact that the wavelength of the

visible light ranges from 400 to 700 nm. Thus, color measurement or the color reduction

efficiency of the treatment system should cover the whole range of the visible spectrum.

The absorbance of the water sample, which is filtered through 0.45-micron membrane,

should be measured from 400 to 700 nm with a spectrometer. The color in SU unit, which

is the area under the relation between measured absorbance and wavelengths, is then

evaluated.

2.2 Bleaching Manufacturers

Textile industries can be categorized into 2 groups as follows:

2.2.1 Weaving or spinning mill

Thread and fabric, which are typically determined by fiber types and

market demand, are produced through the weaving process. After being produced from

the weaving process, thread and fabric will then be prepared for the dye to be easily

absorbed and bound on the fabric.

2.2.2 Dyeing plant

The colors of thread and fabric depend upon the fiber types and market

demand. Different types of dyes are used to color different thread and fabric types. The

product from the dyeing process will be decorated for specific use (1). After being

colored, thread and fabric would be dried to increase the fastness. Colored fiber will then

be decorated for specific application (1).
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2.3 Wastewater from Bleaching Industries

Wastewater generated from bleaching industries consists of fibers, dyes, additives,

chlorine (Cl2), potassium permanganate (KMnO4), sodium metabisulphite, and other

chemicals from the manufacturing process. Heavy metals such as Mn, Cu, and Cr also

contaminate in wasterwater (12).

Fiber types can be used to determine types and quantities of chemicals

contaminating in wastewater. Contaminants from different types of fibers are shown in

Table 1 (10,13) and effluent standards for bleaching manufacturers are shown in Table 2

(14).

Table 1 Chemicals used in textile process

Type of Fiber Textile Process Composition

Cotton Desizing

 Scouring

Bleaching

Dyeing

Finishing

starch, Polyvinyl alcohol (PVA), Carboxymethyl
Cellulose (CMC) and Polyacrylic acid

Detergent, Solvents (Chlorobenzene, Perchloro
ethylene)

Sodium hypochlorite

Dyes, carrier (Methylnapthalene, Chlorobenzene,
Biphenylorthophenyl, Phenol and
Benzylalcohol)

Urea, Formaldehyde,Melamine,Glyoxal,
formaldehyde Derivative, phosphorus nitrogen
compound
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Table 1 Chemicals used in textile process (continued)

Type of Fiber Textile Process Composition

Rayon Scouring and
Dyeing

Salt bath

Oil, Dye, Synthetic detergent and Antistatic
lubricant

Synthetic detergent, Hydrogen peroxide, Chloride or
Sulphate

Acetate Scouring and
Dyeing

Scouring and
Bleaching

Antistatic lubricant, Dyes, Sulfonate oil, Synthetic
detergents, Ester and Softener

Synthetic detergents, Hydrogen peroxide, Chloride

Nylon Scouring

Developed
Dispersed
Dyeing

Bleaching

Antistatic lubricant, Soap, Tetrasodium
pyrophosphate, Caustic soda, Fatty ester

Dyes, Sodiumnitrite, Hydrochloric acid, Sulfonate
oil

Peracotic acid
Acrylic and
Modacrylic

Dyeing

Thermosal
Dyeing

Bleaching

Scouring

Dyeing with
Carrier

Scouring

High temperature
and pressure
dyeing

Bleaching

Dyes, Formic acid, Wetting agent, Aromatic amines,
Retarding agents, Sulfate

Acids

Sodium Hypochlorite

Synthetic detergents, Pine oil

Chlorobenzene, Hot water and Dyes or
Phenylmethyl carbinol, o-phenylphenol

Antistatic lubricants, Chlorites or Hypoclorite
Nonionic, Synthetic detergents

Dyes, Hot water, Chlorite, Sodiumnitrite, Acetic
acid, Nitric acid, Bisulfite, Proprietary bleaches

Oxalic acid, Nitric acid, Bisulfite, Proprietary
bleaches
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Table 1 Chemicals used in textile process (continued)

Type of Fiber Textile Process Composition

Polyester Scouring

Dyeing  with
carrier

High temperature
and pressure
dyeing

Nonionic, Synthetic detergents

Dyes, Chlorobenzene, o-phenylphenol, Benzoic
acid, Salicylic acid, Phynyl methyl carbonol,
Methylnapthalene

Dye, Hot water

Wool Scouring

Fulling

Bleaching

Dyeing

Nonionic, Detergent of ethylene oxide, Sodium
Carbonate Bicarbonate, Solvent

Sulfuric acid

Soap or Synthetic detergents, Soda-ash and
Sequestering agent, Sulfuric acid, Chromium,
Copper, Cobalt

Hydrogen peroxide, Sulfur dioxide, Optical
Brightener Dyes, Acetic acid, Stlfuric acid, Sodium
sulphate, Ammonium sulphate
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Table 2  Effluent standards for bleaching manufacturers

Parameter Effluent Standard1,2

pH 5.5-9.0

BOD (mg/l) ≤ 60

COD (mg/l) ≤ 400

SS (mg/l) ≤ 50

TKN (mg/l) ≤100

Grease & Oil (mg/l) ≤ 5

Color Non objectionable

Source : “1” Notification of the Ministry of Industry No. 2 B.E. 2539 (1996) issued under the Factory

Act B.E. 2535 (1992) “Regulation of industrial effluent wastewater characteristics” and

Notification of the Department of Industrial Works on “Industrial effluent wastewater

characteristics regulation different from the Notification of the Ministry of Industry No. 2 B.E.

2539 (1996).

“2” Notification of the Pollution Control Board issed on August 20, 1996 and the Notification

of the Ministry of Science, Technology and Environment No. 3 B.E. 2539 (1996) “Regulation

of wastewater effluent standards for industrial factories and industrial estates.”

2.4 Processes of Bleaching Manufacturer (3)

2.4.1 Bleaching Process

Firstly, the fiber is cleansed with hot water and the cleaned fiber will

secondly be bleached by different methods such as stone wash process, bleach wash

process, and snow wash process depending on required bleaching pattern. After that, the

bleached fiber will be dried by centrifuge and drying. Finally, the fiber will be ironed.
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2.4.2 Dyeing Process

Dyeing process consists of 2 main steps, which are textile preparing and

Dying. Dying can be done in a batch or continuous reactor. The continuous process

generates less quantity of wastewater but greater contaminant concentration than the

batch process due to different dyes, additives, and binding capacity of dyes. The binding

capacity, which reflects Dying efficiency, is affected by the following factors.

1. Fiber characteristic

The binding capacity of different dyes varies among the space within

the fiber, which will be occupied by dye molecules.

2. Dye types

Different types of dyes are suitable for different types of fibers.

3. Additives

Additives are chemicals added during the dye process in order to

increase the binding capacity.

Characteristics of wastewater from bleaching manufacturers sorted by dye types

are shown in Table 3 (15).
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Table 3  Bleaching wastewater characterization by dye types

Parameter

Dye Fiber
pH

Color

(ADMI)

BOD

(mg/l)

TS

(mg/l)

Acid dye Polyamide/wool 4.0-5.1 3200-4000 135-240 1095-2042

Basic dye Acrylic/polyester 4.5-5.0 1300-5600 210-1470 136-1482

Direct dye Viscose/cotton 3.2-6.6 525-12500 12-87 931-2804

Reactive dye Cotton 9.1-11.2 1390-3890 0-102 700-12532

Sulfur dye Cotton 3.7 450 990 2034

Vat dye Cotton 11.8 1910 294 986

2.5 Dye

The application of different dyes depends on the production purpose. Since

different dyes have different effects on the wastewater treatment; therefore, it is

important to understand dyes used in the manufacturers in order to study the treatment of

wastewater from bleaching industries (3).

2.5.1 Dye Classification

In several textile industries, dyes are classified by their application. In order

to identify the application, trademark identification is the most suitable way approved by

the Society of Dyers and Colorists. Dyes can be categorized by their application into 11

groups as discussed below.

1) Disperse Dyes: for coloring acetate or some synthetic fibers, which 

hardly absorb water. According to the low solubility, disperse dyes suspend in water as 
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small droplets, however, the solubility can be improved without adding other additives if 

appropriate dispersant is used. Moreover, some carriers promote the penetration of dyes 

into the fiber.

2) Acid Dyes: organic substances mostly containing sulfuric salt and can 

dissolve in water used for coloring in acidic solution. Cellulose, which is not pure 

cellulose (e.g., flax and polyamide), can be also colored by acid dyes.

3) Azoic Dyes: mainly used for cellulose application cannot dissolve in 

water; therefore, phenolphthalene is used in advance of dyeing with diazodium salt.

4) Basic Dyes: sometimes called “cation” due to their cationic 

characteristic and ability to bond to fibers. Basic dyes are mainly used for coloring wool 

and some synthetic fibers, but rarely used for cotton application.

5) Direct Dyes: or cotton dyes are the first dyes used directly for cotton 

coloring without adding other additives. Direct dyes are presently used along with salt in 

order to improve the fastness.

6) Mordant Dyes: used for protein application. Metallic salt directly 

formed on the fiber makes it resistant to water.

7) Sulfur Dyes: particularly used for cotton coloring, give dull shades and 

hardly dissolve in water. Sulfur dyes are recently reduced through the reduction reaction 

in order to improve the solubility.

8) Vat Dyes: widely used for cellulose application especially cotton. 

Similar to sulfur dyes, vat dyes, which are insoluble dyes, need appropriate reductants, 

generally sodium sulfite, to improve the solubility. When vat dyes are reduced, their 

ability to penetrate into the fibers increases. When exposed to air, vat dyes can be 

reoxidized to an insoluble color,

9) Reactive Dyes: soluble colors becoming anion in basic solution and 

generally used to color cellulose. When the reactive dye molecules penetrate into the 

fiber due to their solubility, the molecules react with –OH groups on cellulose forming 

covalent bonds.
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10) Metallic Dyes: an inorganic and insoluble substance used for 

application on cellulose. The dyes, such as mineral khaki, must be settled within the fiber 

when they are applied.

11) Onium Dyes: a soluble color typically used for printing application. 

Onium dyes can be reoxidized as vat dyes.

Six different dye categories generally used on thread or cotton are azoic, direct, 

sulfur, vat, reactive, and metallic dyes (3). The application procedures and chemical 

structures of different dyes on various fibers are shown in Table 4 (16).

Table 4  Application procedures and chemical structures of different dyes on various

fibers

Dye Fiber Procedure Chemical structure

1.  Acid dyes Wool, silk,
nylon

Coloring in acidic or
neutral solution.

Azo, anthraquinone,
triphenylmethane, azine,
xanthene, nitroso, nitro

2.  Azoic dyes Cotton, rayon Coupling component
followed by diazo
component.

Azo

3.  Basic dyes Acrylic, paper Coloring in acidic
solution.

Azo, anthraquinone methane,
triphenylmethane,
diphenylmethane, azine,
xanthene, thiazole, acridine,
oxazine

4.  Direct dyes Cotton, rayon Coloring in neutral or
dilute basic solution
together with electrolytes.

Azo, stilbene, thiazole

5.  Disperse
     dyes

Polyester,
nylon, acetate,
polypropylene,
acrylic

Dying under high
temperature and
pressurized condition or
temperature less than
100oC with carriers.

Azo, anthraquinone, nitro



Duangta Kitkaew Literature Review / 18

Table 4  Application procedures and chemical structures of different dyes on various

Fibers (continued)

Dye Fiber Procedure Chemical structure

6.  Mordant
     dyes

Lamb wool Use with metallic salt
especially Cr.

Azo, anthraquinone

7.  Reactive
     dyes

Cotton, rayon,
silk, nylon,
lamb wool

Chemical bonding with
fiber in basic solution.

Azo, anthraquinone

8.  Sulfur dyes Cotton, rayon Coloring in the mixture of
sodium sulfide and base.
Dyes will be reoxidized
after coloring.

Containing S within the
molecules

9.  Vat dyes Cotton, rayon Coloring in the mixture of
sodium hydrosulfide and
base. Dyes will be
reoxidized after coloring.

Anthraquinone, indigoid

2.5.2 Chemical Classification of Dyes

The main chemical structures in dye molecules were described as follows.

1) Azo dyes: the most important class of dyes containing azo group           

(-N=N-) within the molecules. Easily synthesized, azo dyes furnish all shade especially 

yellow, orange, red, brown, and black with good light resistance.

2) Anthraquinone dyes: the second important dye class mostly synthesized 

from anthraquinone and consist of anthraquinone as a main structure in the molecules.  

Anthraquinone dyes furnish wide range of colors especially violet, blue, green, and red 

with good light resistance.  The brightness of anthraquinone class is less than that of azo 

class.

3) Triphenylmethane dyes: furnish violet, blue, and green with very good 

brightness but poor light resistance.
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4) Sulfur dyes: containing sulfur within the molecules. Due to the low 

cost, sulfur dyes are widely used for dull shade coloring such as black, brown, and blue.

5) Indigoid dyes: contain indigotin as a main structure. Indigoid dyes are 

generally applied to the fabric.

In this study, wastewater from bleaching manufacturers in which relative dyes 

were used during the process was selected. The chemical structures of reactive dyes can 

be grouped as the followings (17):

1) Monochlorotriazine

2) Dichlorotriazine

3) Trichloropyrimidine

N Cl

N

N

NH-R

Dye-NH

N Cl

N

N

Cl

Dye-NH

N Cl

Cl

N

Cl

Dye-NH
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4) Difluorochloropyrinidine

5) Sulphatoethylsulphone

2.5.3 Additives

Additives are chemicals which is added during the Dying process in order to 

increase the binding capacity and the fastness. Additives can be sorted into 7 classes (3) 

as discussed below.

1) Acid: applied to protein fiber and nylon before they will be colored with 

acidic dyes.

2) Base: used with cellulose followed by azoic, vat, and sulfur dyes.

3) Salt: applied before dyeing with acid dyes and can be used with all 

cellulose.

4) Chemicals: used with vat, disperse, and acid dyes for color 

smoothening.

5) Carriers: applied for some synthetic fibers.

6) Soluble organic substances: used with wool and synthetic fibers.

N F

Cl

N

F

Dye-NH

N

NDye-NH-CO Cl

Cl
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7) Reductants: applied to reduce some dyes for increasing the absorbance 

of fiber.

2.6 Spent Dye Removal from Textile Bleaching Wastewater

Methods used to remove spent dyes in wastewater from textile bleaching 

industries can be classified into 5 approaches as described below (5).

2.6.1 Physical Process

Previously treated by biological treatment, textile-bleaching wastewater is 

then treated by physical process before it is passed through the secondary treatment. An 

example of physical treatments is coagulation with chemicals, a process which particles 

are binded to the floc, which hinder microbial digestion. Chemicals such as lime, alum, 

and ferric salts or polyelectrolytes are always involved in coagulation/flocculation 

followed by coagulation or dissolved air floatation (DAF) which large amount of sludge 

would then be produced. Therefore, in order to lower the additional expenses resulted 

from sludge removal, it is important to consider the amount of chemicals used in the 

process.

2.6.2 Chemical Method

1. Oxidation

1.1 Chlorination

Before wastewater is passed through the secondary treatment, 

several dyes in the wastewater can be removed by oxidizing agents. Oxidizing agent 

widely used is liquid chlorine or hypochlorite gas. However, excess chlorine is toxic to 

human and the environment. It can be concluded from many researches that 110 mg of 

excess chlorine remained in 1 liter of wastewater when 150 mg of chlorine was applied to 
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1 liter of wastewater. Although no excess chlorine remained in wastewater when less than 

100 mg of chlorine was used, the removal efficiency decreased by 57%.

1.2 Ozonation

Ozone was formerly applied for odor removal in drinking water 

and also used to oxidized dye compounds since the oxidation power of ozone is greater 

than that of chlorine. Moreover, ozonation generates no remaining while chlorination 

produces chlorinated organics. It was found that 1 mg of ozone in 1 liter of wastewater 

could efficiently oxidize reactive and basic dyes, but not disperse dyes whose certain 

amount of applied ozone was unknown (Horning, 1978). Furthermore, ozonation is not 

suitable for organic removal and causes additional cost for instrument installation 

(Horning, 1978).

1.3 Fenton’s reagent

Fenton’s reagent, a combination of hydrogen peroxide (H2O2) and

iron (Fe2+ and Fe3+), is used as a catalyst for radical reaction generating hydroxyl radical

(HO•). Hydroxyl radical is a stronger oxidant compared to chlorine and ozone (O3),

although it is a weaker oxidant compared to fluorine radical.

2. Reduction

The reduction of azo dyes which were broken into aromatic amime 

applying to study anaerobic digestion. Chemical reduction followed by anaerobic 

digestion has been studied in order to protect the environment because of the toxic 

aromatic amine, which was discharged into the receiving waterbodies. Sodium 

hydrosulfide, thiourea dioxide known as formamidine sulfunic acid (FAS), sodium 

formaldehyde sulfoxylate, and tin (II) chloride are generally used to study.
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3. Adsorption

Adsorption is an efficient alternative used to remove low organic 

concentration in wastewater.

Activated carbon, which can be prepared from lignite, charcoal, wood 

and cotton remnants, or coconut shell, is widely used in adsorption due to its high surface 

area (500-1,400 m2/g). Adsorption on charcoal surface can be expresses in a term of 

adsorption isotherm.

2.6.3 Electrochemical Process

Electrochemical process is another alternative applied to treat wastewater 

from textile industries. The detail of electrochemical process is shown in section 2.7.

2.6.4 Biological Process

Activated sludge is one of the biological treatments widely used in textile

wastewater treatment due to its low expenses. Previously, wastewater from textile 

industries was discharged and combined with municipal wastewater before it was treated 

by activated sludge. However, large amount of dyes contaminating in the wastewater 

from textile manufacturers gradually increases until water quality standard is not attained 

by activated sludge. It was shown from many researches that dyes which contained 

chemicals used for specific application (e.g. fastness) hinder the aerobic digestion. It was 

also found that activated sludge was not suitable when dyes which were not compatible to 

microorganisms were applied.  In addition, colored water would occasionally discharged 

into the receiving waterbodies.
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2.6.5 Physical /Chemical-Biological Process

The optimization between dye removal efficiency and cost has been 

typically studied. It was shown that only biological treatment of wastewater from textile 

industries was not sufficient for allowable load attainment. Therefore, physical/chemical 

process such as coagulation and adsorption are employed as a primary treatment since 

most of dyes contain non-biodegradable substances. Physical/chemical process followed 

by biological treatment can improve removal efficiency, and also lower the cost of 

chemicals used in the process and sludge removal.

2.6.6 Other Processes

New technologies such as reverse osmosis (RO), UV filtration, and ion 

exchange (IE) can be applied to textile wastewater with high dye concentration, besides 

treated wastewater can be reused. Although new technologies have many advantages, 

they are not commonly used due to the high installation and maintenance cost. However, 

high concentration textile wastewater would be separated and passed through those new 

technologies in some textile facilities and the rest of it would be henceforth treated by 

biological process.

2.7 Electrochemical Process

Firstly used for metal removal from industrial wastewater in the late of 20th

century, electrochemical process consumed electricity leading to high expenses. 

Nowadays, electrochemical process is used for heavy metal removal from wastewater, 

although it threatens our environment (16).
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2.7.1 Electrochemical treatment

Electrochemical treatment, specifically used for disinfections, is an effective 

technology used to treat wastewater from domestic and landfill areas, paper industries, 

metal coating manufacturers, and textile industries. Furthermore, it can be applied to 

separate or remove large amount of contaminants such as BOD, COD, TOC, TDS, TSS, 

and heavy metals (18).

2.7.2 Electrochemical Principal

The compounds would be separated through a redox reaction generated by 

electrochemical cell. The electrochemical cell consists of at least 2 electrodes connected 

to each other in the electrolyte solution, which contains both cation and anion. The 

electrochemical cell shown in Fig. 2 connected to the direct current generates electrical 

current flowing from anode (+) to cathode (-), reverse direction of electron transfer (17, 

19, 20, 21).

In the treatment system, electrolyte solution would be wastewater while 

oxidation-reduction occurs at anode and cathode, respectively.
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Electrons

Current

 -                                +

Voltage
source

Current

           Cathode                          Anode

Figure 2  Electrochemical cell schematic

2.7.3 Faraday’s Law (22)

The relationship between charge passed and amount of a substance oxidized

or reduced at an electrode was first quantified by Michael Faraday in the 1830s. His ideas

are embodied in 2 statements pertinent to electrolytic processes.

1. The amount of product formed is directly proportional to the charge

passed.

2. For a specified quantity of charge passed, the masses of products

formed are proportional to the electrochemical equivalent weights of the products.

These 2 principles can be concisely stated in one equation:
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s  M  I  t
   m   =

              n  F

 where m = the mass of substance ( g )

s =  stoichiometric coefficient of the species

M =  atomic or molecular weight ( g / mol )

I =  current  (ampere)

t =  time (second)

n =  number of electrons participating in the

    redox reaction

F =  Faraday's constant  = 96485 Coulomb / mole

2.7.4 Electrochemical Cell Configuration

The simplest electrochemical cell consists of a cathode and an anode, 

however, the large electrode must be employed to treat wastewater when electrochemical 

cell is used. Therefore, several cell banks, units in which contain a lot of single 

electrochemical cells, are practically used to generate redox reactions in wastewater 

treatment system which current supplying depend on resistance (21).

There are two main classes of current supplying which are monopolar and 

bipolar approaches. In monopolar approach, each electrode would be dispersively 

connected to the batteries. Both electrical charges would be generated on the surface of 

the same electrode. Instead of increasing the thickness of the electrode to enhance the 

efficiency, the distance of current flow should be reduced or the conductivity should be 

increased with the conducting backing plate.
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In bipolar approach, a battery would be connected on both sides of outer 

electrodes. Different charges would be generated on the surface of the inner electrode 

(20, 21) as shown in Fig. 3.

        - ve

MONOPOLAR         -          +          -           +          -          +          -

          + ve

 BIPOLAR           +     -    +    -    +    -    +     -    +    -    +     -

  + ve          - ve

Figure 3  Monopolar and bipolar connection of electrode

2.7.5 Electrode Materials

Electrode is a component of a half-cell acting as a conductor connecting 

electrolyte solution and a voltmeter. Metal and membrane electrodes are 2 groups of 

electrodes, which are categorized by materials of which they were made. The materials 

used to make electrodes were Al, Ti, Pt, and Fe (23).
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Table 5  Common electrode materials.

Cathodes Anodes

Hg, Pb, Cu, Ni Pt, Pt/Ti, Ir/Ti

Graphite and other forms of C sometimes

treated thermally or with organics to

modify porosity, density, corrosion

resistance

Graphite and other forms of C ( treated,

cathodes)

Pb in acid sulfate media

PbO2 on Ti or Nb

Steels Ni in alkaline media

Coating of low H2 overpotential materials

on steel, e.g. Ni, Ni/Al, Ni/Zn

Dimensionally stable anode ( DSA)

Other oxide coatings

Magnetite Fe3O4

  Source: Pletcher D. (1984) (22)

1) Aluminium

Aluminium, the most abundant metals in the earth’s crust, is used for 

many applications especially lightweight structures requiring high strength because of its 

flexibility. Al+3, an active substance, which reacts with non-metallic substances, in water 

undergoes hydration and hydrolysis.  Sulfate, nitrate, and halide aluminium salts are 

soluble in water while aluminum hydroxide is not.

Large amount of suspended solids deriving from corroded aluminium is 

generated through electrical decomposition when aluminium is used as an electrode.

2) Iron

Iron is an active metal, which has high melting and boiling points. Iron 

within in compounds has oxidation state of +2 and +3. Although higher oxidation state 

can also be found, they are strong oxidants and unstable; therefore, iron rust is then found 

when they are exposed to moisture. Rust protection approaches such as metal coating in 
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which Sn, Zn, and Cr are commonly used or metal adding are applied in order to achieve 

rust-free iron.

When iron is used as an electrode in the electrochemical cell, hydroxide 

iron deposition, which encourages coagulation, would be found on an anode while 

residues would be detected on the surface of the iron plate is used as a cathode. 

Therefore, it is necessary to change the iron plates in the electrochemical cell 

periodically.

3) Titanium

Titanium, a transition metal, which has the lowest density among all 

transition metals, is stable around the room temperature. However, when the temperature 

is higher than 500oC, it reacts vigorously with other metals and forms compounds such as 

TiCl4 and TiO2 or reacts with steam to form dioxide and hydrogen gas. The oxidation 

states of titanium are +2, +3, and +4, which is the most common oxidation state and Ti+4

is the most stable form of titanium. Due to the high strength and high melting point, Ti+4

is always used in jet engine.

Titanium is non-corrosive when it is used as an electrode in the 

electrochemical cell because of its lowest density, high boiling and melting points, inert 

characteristic, and good electrical conductivity. Due to the electrical conductivity 

property of titanium, high electron transfer is achieved; therefore, clear solution remains.

4) Platinum

Platinum, a glossy white metal, is more flexible than other metals; 

therefore, it can be bended like Au and Ag. Although platinum has wide range of 

oxidation state, from +2 to +8, the important oxidation states are +2, +3, and +4. In 

nature, platinum can be found as a free element or combined with other elements, or as a 

mixture when it is blended with other metals.  Platinum can also be found with Cu, Ag, 

and Au. Due to its heat and electrical conductivity and inert characteristic, Platinum is 
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typically used to make an electrode and container, which is resistant to high temperature 

and corrosion.

When platinum is used as an electrode for electrochemical process, 

small amount of residues and clear solution would be achieved.

In this study, iron was selected as an electrode because of its abundance in the

earth’s crust, low cost, and proper application.

2.7.6 Redox Reaction

Redox reaction is used to decolorize the wastewater discharged from textile 

industries. The direct current passed through electrodes provides electron transfer in the 

electrolyte solution. Dyes, which formerly used in textile industries mostly contained 

heavy metals. Nowadays, dyes contaminating in wastewater discharged from textile 

industries contain less amount of heavy metal in order to attain discharged wastewater 

quality standard of the ministry of industry (24).

Electrocoagulation, electroflotation, and electrooxidation were supposed to 

occur when iron was used as electrodes to remove dyes and COD from textile wastewater 

via electrochemical process (25). Oxidation and reduction in electrochemical process 

occurring at the electrodes, which were made of iron, were shown as follows.

Anode:             4Fe                    4Fe+2 + 8e-

            4Fe+2 + 10H2O + O2               4Fe(OH)3 + 8H+

Cathode:     8H+ + 8e-                 4H2

When adequate electrical current is applied, dye molecules would be 

reduced at a cathode and small organic molecules would be resulted. The small organic 
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molecules and suspended solids would then bind with Fe(OH)3, gelatinous floc, and form 

bigger flocs. Water would be separated with coagulation or H2 flotation. Due to flotation 

and coagulation, sludge would be found on the water surface and at the bottom of the 

container.

Vlyssides et al. (12) investigated to reactive azo dyes, COD, BOD, and 

TKN removal from textile wastewater by redox reaction with Ti/Pt as an anode and 

stainless steel as a cathode found that oxidation occurred through OH•, O•, ClOH•. Those 

radicals which possess short life-time and contain high oxidation potential directly and 

indirectly oxidize organic compounds. Through the indirect oxidation, the radicals 

decompose to other oxidants, such as Cl2, O2, ClO2, and H2O2, which have longer 

lifetime and can diffuse further from the electrode.

2.7.7 Electrochemical Reactor Design

The criteria used to design the electrochemical reactor are (23):

1. The electrochemical reactor should be simple leading to low expenses. 

Mix reactors should be avoided.

2. The redox reaction should be complete within the reactor before 

wastewater is passed to the next process. Other processes involving in the treatment 

system should be separated from the electrochemical cell.

3. Electrical potential should be equivalent throughout the surface of the 

electrode.

4. There should be an appropriate distance between each electrode since 

too much distance between the electrodes cause higher electrical potential leading to high 

expenses.

5. Due to the electrolyte solution and products from the redox reaction, 

non-corrosive materials should be used to make a reactor.

6. Electrode configuration should be relevant to the treatment and cost.
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2.8 Related Researches

Thongchai (3) studied decolorization of wastewater from textile industries 

through 3 different processes: coagulation with chemicals (potash alum, lime, and 

MCBH), PACT system, and an application of sodium hydrogensulfite as a reductant and 

hydrogen peroxide and sodium hypochlorite as an oxidant. Different dyes, direct, vat, 

reactive, sulfur, azoic, acid, and basic dyes, were used to treat 7 different wastewater 

samples. The dye removal efficiency by coagulation with chemicals depended upon dyes, 

shades, and chemicals used. Potash alum provided high removal efficiency for all dyes 

except reactive dyes, which were hardly removed.

Thongchai and Kanitha (26) studied the removal of color from dye- wastewater 

by chemical coagulation with polyaluminium chloride. The studied variables were pH, 

dose of polyaluminium chloride and of polymer. The dye-wastewater used in this 

experiment were categorized into 4 types based on the dyes used, i.e., reactive, acid, 

direct and disperse. The results showed that the efficiency of color removal were 59.7, 

31.5, 81.9 and 96.1%. The efficiency in removing color depended on the types of dyes. 

For the insoluble dyes were relatively easily removed, the soluble dyes were less 

removable, depended on color hue and pH.

Somkid (27) studied the removal of color from cotton-dyeing wastewater by 

employing the alum. Quick-lime and magnesium carbonate hydrated basic (MCHB) as 

coagulants. Six types of dyes were utilized; direct, vat, reactive, sulphur, azoic and 

metallic. The results showed that alum could remove color more than 70%, except for 

reactive, from which hardly any removal could be achieved. The efficiency in removing 

color depended on the hue as well as the coagulants used, and the types of dyes. For the 

insoluble dyes such as vat, sulphur, azoic and metallic were easily removed, where as that 

of soluble dye, i.e., reactive was more difficult to handle. As for the direct dye (which 
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cannot be distinguishly categorized whether it is soluble), high color removal could be 

achieved with high dosages of chemicals.

It was therefore concluded that the investigated process might not be suitable for 

real applications and the cost was too high for practical uses.

Vlyssides et al. (12) Studied the treatment of textile dye wastewater from a 

reactive azo dyeing process was treated by an electrochemical oxidation method using 

Ti/Pt as anode and stainless steel as cathode. When of 2 ml of HCl 36% were added and 

after 18 minutes of electrolysis at 0.89 A/cm2. COD was reduced by 86%, BOD was 

reduced by 71%, ADMI color units were reduced by 100% (the color from 41500 ADMI 

color units is reduced to zero), and TKN was reduced by 35%.

Lin SH and Chen ML (18) studied the treatment of textile wastewater through 

electrochemical process which had graphite as an anode. With the monopolar 

arrangement, decolorization and COD removal efficiency were of 90 and 79%, 

respectively. Furthermore, the treatment efficiency increased by 100% when 200 mg/l of 

H2O2 was added. Small flocs generated through the electrochemical process, which 

caused problem to coagulation could be solved by adding 100 mg/l of polyaluminium 

chloride (PAC) and 1 mg/l of polymer.

Boonyanitchayakul (20) studied the optimum conditions and efficiency of 

electrochemical process for the sulfur dye wastewater It was operated in the bipolar mode 

with steel plates. The experiment was conducted with three level of influent pH (3, 4 and 

5) electrical current (0.25, 0.50 and 0.75 amperes) and reaction time (10, 20 and 30 

minutes).The results indicated that the COD, SS and color removal efficiencies trended to 

improve with a decrease in the influent pH. On the other hand, the increment of the 

electrical current or the reaction time usually conducted the enhancement of COD, SS 

and color removal. The optimum treatment condition was at the influent pH 5, the 
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electrical current 0.05 amperes and the reaction time 30 minutes which yielded COD, SS 

and color removal efficiencies of 79.97, 86.83 and 98.78%, respectively.

Lin and Peng (25) studied decolorization and COD removal from textile 

wastewater by electrochemical process in a batch system was conducted. Within a 1,000-

m3 monopolar electrochemical cell, 4 of each cathode and anode (cast ion), which were 

separated from each other by 1.5 cm. And totally provided 324 cm2 of effective surface 

area, were used. It was found that suitable resident time for dye and COD removal was 10 

min. and pH of wastewater from 5 to 10 indifferently effected COD removal. Electrical 

current appropriate to COD removal was 3 amps or 92.5 amp/m2 of electrode surface 

area. The application of 10 mg/l of PAC could increase dye and COD removal efficiency.

Lidia et al. (28) studied the comparisons of disperse dye removal efficiency 

among 4 different processes: electrochemical process, ozonation, hypochlorite 

application, and Fenton’s reagent utilization. It was shown that Fenton’s reagent provided 

the highest efficiency at pH 3, 600 mg/l of hydrogen peroxide, and 550 mg/l of ferrous 

sulfide. Moreover, the quality of final treated wastewater attained the Italian effluent 

standard. The electrochemical process containing Ti/Pt-Ir as an anode and stainless steel 

as a cathode provided the second highest efficiency, which dye and COD removal were 

of 90 and 39%, respectively, at neutral pH and high chloride concentration. If pH was 

controlled under 4.5, the COD of 1425 mg/l would be reduced to 293 mg/l or 79% 

removal efficiency. Although materials used for the anode indifferently effected the 

decolorization, they had a great effect on COD removal.

Tubtimngam (29) studied the efficiency of the electrocoagulation process when

added to the conventional sedimentation process in removal of COD and SS from paper

mill wastewater. It was operated in the bipolar mode with iron plates. Three levels of

electrode surface area (1500, 3000 and 4500 cm2), 3 electrical current levels (3, 4 and 5

amperes), and 3 reaction times (10, 20 and 30 minutes) were studied. It was found that
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the removal efficiencies of COD and SS increased with an increase in surface area,

electrical current level and reaction time. The optimum condition for the removal of COD

and SS were 3000 cm2 surface area, 5 amperes electrical current level and 20 minutes

reaction time which yielded COD and SS removal efficiencies of 78.5 and 95.2%,

respectively.

Kongsricharoern (30) investigated an alternative for Cr removal from an 

electroplating wastewater using the electrochemical precipitation (ECP) process. It was 

operated with steel plates. This studies was found the bipolar ECP unit superior to the 

monopolar ECP unit. The ECP unit was also effective in removing color and COD from a 

dye wastewater whose color and COD were 15200 ADMI and 3500 mg/l, respectively. 

The optimum conditions of the ECP unit to achieve 96% of color removal and 60% of 

COD removal were 15 amperes, operation time 45 minutes.

Researchers studied in the efficiency of electrochemical process shown that this 

process could be treated wastewater were high efficiency.
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Table 6  The conclusion of research studies on electrochemical process

The treatment efficiencyResearcher Type of
wastewater

Type of electrode Optimum condition
Color

(ADMI)
COD
(mg/l)

SS
(mg/l)

1. Vlyssides et
   al. (12)

-  Pt/Ti as anode
-  Stainless Steel as
    cathode
-  Monopolar
    electroplating

- Electrical current
   0.89 A/cm2

- Reaction time18
   min

2. Lin SH.
    And Chen
    ML. (18)

Textile
Wastewater

-  Graphite as anode
-  Ti as cathode

-  Electrical current
    92.5 A/m2

-  Reaction time
    8-10 min

3. Boonyanitchayakul
    (20)

Textile
Wastewater

-  Iron as cathode
   and anode
-  Bipolar
   electroplating

-  Electrical current
    0.5  Amp
- Reaction time 30
   min

86.83% 79.97% 98.79%

4. Lidia et al.  (28) Synthetic
Wastewater

- Pt/Ti as anode
- Stainless Steel as
  cathode

- Electrical current
   4.32-4.59 V
- Reaction time 40
  min

90% 79%

5. Tubtimngam (29) Paper Mill
Wastewater

- Iron as anode and
   cathode
- Bipolar
   electroplating

- Electrical current 5
   Amp
- Reaction time 20
   min

78.5% 95.2%

6. Kongsricharoern
    (30)

Dye
Wastewater

- Iron as anode and
  cathode
- Bipolar
   electroplating

- Electrical current
   15 Amp.
- Reaction time 45
   min

90-96% 60%
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CHAPTER III

MATERIALS AND METHODS

3.1 Research Design

This study is an experimental research. Batch electrochemical reactor was used to

treat textile dye wastewater and determine its optimum condition and efficiency.

3.2 Experimental Laboratory

The experiment was set up and conducted in the Laboratory of the Environmental

Technology Program, Department of Sanitary Engineering, Faculty of Public Health,

Mahidol University.

3.3 Wastewater Samples

The wastewater was sampled from the storage tank of a textile factory in

Samutprakarn province by grab sampling and put into plastic containers. The primary

composition of the wastewater are dyes, auxiliaries, starch, detergents, thickener, solvent

and other organic compounds, as well as acids, alkalis, salts and other inorganic

constituents. The major dyes used mainly are reactive dye.
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3.4 Equipment and Materials

3.4.1 Lab-scale Electrochemical Process

The batch electrochemical apparatus consists of avariable voltage

transformer, a direct current (DC) power supply, and a reaction tank. The schematic

diagram of this experimental apparatus is shown in Figure 4 and Appendix A. The details

of equipment are explained as follows:

1. Variable voltage transformer 0-240 volts: Slide regulator model

(CHUAN HSIN) . It has a maximum electrical potential (E) of 240 volts; the E values

providing to the electrochemical process is controlled by variable voltage transformer.

2. The DC power source: Regulator

3. The reaction tank made of acrylic plate with a dimension of 15 × 27 ×

17.5 cm3 (width × length × depth : reaction part) and 15 × 22.38 × 4 cm3  (width × length

× depth : setting part) with an effective volume of 7 liters. Eight steel electrode plates

were placed in the tank. The interval between electrodes was fixed at 3 centimeters.

4. Each steel electrode plate has a diamension of 0.3 × 12.5 × 15 cm3

(thickness × width × length).  The total contact surface areas of the steel electrode plates

was 3,000 cm2. (8 × 2 × 12.5 × 15).  The steel electrode plates were prepared by etching

the steel plates with 10% v/v hydrochloric acid (HCl), rinsing with distilled water, steel

brushing to remove scale are drying by dryer before use in each run.
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Figure 4  Schematic drawing of experimental apparatus

3.4.2 Equipment and materials for Laboratory Analysis

3.4.2.1 Analytical Equipment

- pH meter

- UV-VIS Recording Spectrophotometer UV-160A

- Centrifugal apparatus

- Hot air oven

- COD Tube

- Burette

- Electrical balance

- Buchner funnel and suction flask

- Desiccator

- Glass fiber filters (GF/C)

Reactor

- +

Transformer DC AdapterAC 220 V

V

A

- + -+ -+ -+ - +- + -+
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- Water bath

- Crusible

- Refrigerator

3.4.2.2 Chemical Reagent

- Potassium dichromate (K2Cr2O7)

- Sulfuric acid (H2SO4)

- Mercuric sulfate (HgSO4)

- Silver sulfate (Ag2SO4)

- Ferroin Indicator

- Ferrous ammonium sulfate (Fe(NH4)2(SO4)2)

- Hydrochloric acid (HCl)

3.5 Experimental Procedure and Analytical Method

A Laboratory scale experiment for treatment of textile dye wastewater was

operated in a batch mode. This was to determine the optimum operating condition (pH,

electrical current, reaction time, setting time) of electrochemical process in removing

color from textile dye wastewater. Flow chart of electrochemical experiment is shown in

Figure 4 and Figure 5.

3.5.1 Experimental Methodology

1. Determine Color, pH, SS, TDS, and COD of reactive dye wastewater.

2. Prepare the steel electrode plates by etching the steel plates with 10% v/v

HCL, rinse with distilled water.

3. Set the electrochemical apparatus as mention in item 3.4

4. Adjust pH of the wastewater to pH value 4, 5, 6, 7 or 8 with conc. H2SO4

and 6N NaOH
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5. Fill the wastewater into the reaction tank upto the 7 liters working

volume.

6. Adjust electrical current to 0.5, 1.0 or 1.5 amperes.

7. Allow the electrochemical process to treat the wastewater for 20, 40 or

60 minutes.

8. Remove the steel electrode plates out of the reaction tank after

electrochemical process.

9. Allow the treated wastewater to settle for 30, 60 or 90 minutes.

10. Collect treated water in a container at the middle depth of the

sedimentation and determined for desired parameters including color, pH, SS, TDS and

COD.

11. Determine optimum Effluent pH, electrical current, reaction time and

settling time.
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(3 Replicates)

Figure 5  Flow chart of electrochemical experiment

Analysis of pH Color

COD, SS, TDS

Reactive dye wastewater

Electrochemical process

      pH = 4, 5, 6, 7, 8
Electrical current = 0.5, 1.0, 1.5 Amperes

Reaction time = 20, 40, 60 minutes

Settling Time = 30, 60, 90 minutes

Analysis of pH, Color,

COD, SS, TDS
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3.5.2 Analytical Method

The parameters to be determined in this experiment are described in Table 7.

All parameters are determined in according to the Standard Method for Examination of

Water and Wastewater, 21st Edition, 2000 (APHA) (31). Color were analyzed by

American Dye Manufacturers Institute (ADMI) method (11) after centrifuged at the rate

4,000 round per minute for 20 minutes.

Table 7  Analytical parameters

Parameters Methods of  analysis Unit

Color

pH

SS

TDS

COD

Spectrophotometer

pH meter

Gravimetric method

Gravimetric method

Dichromate digestion-closed reflux method

ADMI

-

mg/l

mg/l

mg/l

3.6 Statistical Analysis

Descriptive Analysis: The color, pH, SS, TDS and COD removal efficiency was

described as average value (mean) and standard deviation (S.D.) (32, 33).
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CHAPTER IV

RESULTS

4.1 Influent Wastewater Characteristics

Samples of wastewater used in the experiments were taken at the storage tank 

before entering the wastewater treatment system from a textile industrial factory. It was 

found that the pH values were in the range of 11.8-12.0 and color was in the range of 

1,469-1,748 ADMI. In addition, COD of 3,071, 1,567 and 1,549 mg/l with an average 

value of 2,062 mg/l, SS of 129.3, 260.0 and 245.3 mg/l with an average value of 211.5 

mg/l and TDS of 6,389, 7,069 and 7,789 mg/l with an average value of 7,082 mg/l were 

detected in sampled wastewater as shown in Table 8.

Table 8  Reactive dye wastewater characteristics

Parameters 1 2 3 Range Mean

pH 12.0 11.9 11.8 11.8-12.0 -

Color, ADMI 1,469 1,748 1,725 1,469-1,748 -

COD, (mg/l) 3,071 1,567 1,549 1,549-3,071 2,062

SS, (mg/l) 129.3 260.0 245.3 129.3-260.0 211.5

TDS, (mg/l) 6,389 7,069 7,789 6,389-7,789 7,082
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4.2 Color Removal Efficiency

4.2.1 First set of conditions: applied electrical current through electrodes was 

fixed at 0.5 A; reaction time was varied at 20, 40 and 60 minutes; settling time was varied 

at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 4-8.

It was observed that a set of conditions including 20 minutes of reaction 

time, 90 minutes of settling time and pH of 4 provided the highest color removal 

efficiency of 1.04%.

For the reaction time of 40 minutes and settling time of 90 minutes, the 

highest color removal efficiency was 44.18% at pH of 8.

When a set of conditions with the reaction time of 60 minutes and settling 

time of 90 minutes was selected, the highest color removal efficiency of 61.13% was 

achieved at pH of 5.

Details of results and raw data are shown in Table 9 and Appendix B, 

respectively.

Table 9  The Color removal efficiency at 0.5 Amp., with varying of reaction time

               (20-60 min.), settling time (30-90 min.) and pH (4-8)

Mean of Color Removal (%)Amp. Reaction Time
(min)

Settling Time
(min) pH 4 pH 5 pH 6 pH 7 pH 8

20 30
60
90

0.88
0.70
1.04

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

40 30
60
90

0.58
1.42
1.91

11.82
11.33
10.72

33.23
34.76
37.83

10.71
12.49
13.59

30.83
33.58
44.18

0.5

60 30
60
90

35.91
44.79
41.18

59.25
60.88
61.13

51.49
54.19
56.41

34.72
52.84
52.89

54.58
56.92
58.26
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4.2.2 Second set of conditions: applied electrical current through electrodes was

fixed at 1.0 A; reaction time was varied at 20, 40 and 60 minutes; settling time was varied

at 30, 60 and 90 minutes; pH values of influent wastewater were in the range of 4-8.

It was discovered that at a set of conditions including 20 minutes of reaction 

time, 90 minutes of settling time and pH of 8, the highest color removal efficiency of 

28.82% was obtained.

For the reaction time of 40 minutes and settling time of 90 minutes, the 

highest color removal efficiency was 70.14% at pH of 7.

When a set of conditions with the reaction time of 60 minutes and settling 

time of 60 minutes was selected, the highest color removal efficiency of 79.97% was 

achieved at pH of 5.

Details of results and raw data are shown in Table 10 and Appendix B, 

respectively.

Table 10  The Color removal efficiency at 1.0 Amp., with varying of reaction time

                 (20-60 min.), settling time (30-90 min.) and pH (4-8)

Mean of Color Removal (%)Amp. Reaction Time
(min)

Settling Time
(min) pH 4 pH 5 pH 6 pH 7 pH 8

20 30
60
90

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

6.55
8.91
11.04

20.64
27.20
28.82

40 30
60
90

61.28
54.77
58.47

68.48
67.64
66.33

66.37
67.65
67.34

67.03
67.97
70.14

67.13
68.82
70.00

1.0

60 30
60
90

78.66
75.46
74.21

79.83
79.97
78.51

76.71
77.12
77.26

76.23
78.20
77.95

77.37
76.86
77.73
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4.2.3 Third set of conditions: applied electrical current through electrodes was 

fixed at 1.5 A; reaction time was varied at 20, 40 and 60 minutes; settling time was varied 

at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 4-8.

It was observed that a set of conditions including 20 minutes of reaction 

time, 90 minutes of settling time and pH of 5 provided the highest color removal 

efficiency of 70.61%.

For the reaction time of 40 minutes and settling time of 60 minutes, the 

highest color removal efficiency was 89.32% at pH of 5.

When a set of conditions with the reaction time of 60 minutes and settling

time of 90 minutes was selected, the highest color removal efficiency of 92.47% was 

achieved at pH of 5.

Details of results and raw data are shown in Table 11 and Appendix B, 

respectively.

Table 11  The Color removal efficiency at 1.5 Amp., with varying of reaction time

                 (20-60 min.), settling time (30-90 min.) and pH (4-8)

Mean of Color Removal (%)Amp. Reaction Time
(min)

Settling Time
(min) pH 4 pH 5 pH 6 pH 7 pH 8

20 30
60
90

34.73
47.80
48.30

67.14
69.77
70.61

66.04
68.02
67.96

66.45
67.76
68.57

66.34
65.48
66.77

40 30
60
90

83.86
85.46
86.14

87.98
89.32
88.78

85.16
86.25
86.29

82.35
82.74
83.31

82.02
82.97
83.36

1.5

60 30
60
90

89.03
89.57
90.62

90.48
92.24
92.47

88.06
88.41
88.87

86.03
85.87
87.02

85.29
86.02
86.19
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4.3 COD Removal Efficiency

4.3.1 First set of conditions: applied electrical current through electrodes was 

fixed at 0.5 A; reaction time was varied at 20, 40 and 60 minutes; settling time was varied 

at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 4-8.

It was observed that a set of conditions including 20 minutes of reaction 

time, 90 minutes of settling time and pH of 8 provided the highest COD removal 

efficiency of 13.96%.

For the reaction time of 40 minutes and settling time of 90 minutes, the 

highest COD removal efficiency was 28.44% at pH of 6.

When a set of conditions with the reaction time of 60 minutes and settling 

time of 90 minutes was selected, the highest COD removal efficiency of 31.46% was 

achieved at pH of 6.

Details of results and raw data are shown in Table 12 and Appendix B, 

respectively.

Table 12  The COD removal efficiency at 0.5 Amp., with varying of reaction time

                 (20-60 min.), settling time (30-90 min.) and pH (4-8)

Mean of COD removal (%)Amp. Reaction Time
(min)

Settling Time
(min) pH 4 pH 5 pH 6 pH 7 pH 8

0.5 20 30
60
90

10.17
7.38
7.10

7.43
11.34
11.80

11.54
9.03
10.12

5.02
10.27
10.37

12.05
13.87
13.96

40 30
60
90

6.29
10.47
11.31

11.76
13.48
14.44

22.68
26.24
28.44

15.64
14.31
14.02

16.30
19.51
19.88

60 30
60
90

17.61
16.42
17.15

21.76
23.28
25.36

28.41
30.09
31.46

15.65
20.00
21.65

21.22
22.65
22.36
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4.3.2 Second set of conditions: applied electrical current through electrodes was 

fixed at 1.0 A; reaction time was varied at 20, 40 and 60 minutes; settling time was varied 

at 30, 60 and 90 minutes; pH values of influent wastewater were in the range of 4-8.

It was discovered that at a set of conditions including 20 minutes of reaction 

time, 90 minutes of settling time and pH of 8, the highest COD removal efficiency of 

20.12% was obtained.

For the reaction time of 40 minutes and settling time of 90 minutes, the 

highest COD removal efficiency was 33.63% at pH of 6.

When a set of conditions with the reaction time of 60 minutes and settling 

time of 90 minutes was selected, the highest COD removal efficiency of 37.57% was 

achieved at pH of 6.

Details of results and raw data are shown in Table 13 and Appendix B, 

respectively.

Table 13  The COD removal efficiency at 1.0 Amp., with varying of reaction time

                 (20-60 min.), settling time (30-90 min.) and pH (4-8)

Mean of COD removal (%)Amp. Reaction Time
(min)

Settling Time
(min) pH 4 pH 5 pH 6 pH 7 pH 8

1.0 20 30
60
90

8.67
13.69
9.35

8.83
13.08
11.16

13.60
14.90
15.64

17.27
16.50
16.75

14.77
15.59
20.12

40 30
60
90

26.80
23.38
29.60

28.24
29.66
28.19

33.59
32.00
33.63

27.69
29.61
31.27

28.70
28.46
29.46

60 30
60
90

34.00
35.05
35.49

35.47
36.45
35.30

32.94
37.16
37.57

34.59
33.83
34.75

32.62
34.39
33.64
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4.3.3 Third set of conditions: applied electrical current through electrodes was 

fixed at 1.5 A; reaction time was varied at 20, 40 and 60 minutes; settling time was varied 

at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 4-8.

It was observed that a set of conditions including 20 minutes of reaction 

time, 90 minutes of settling time and pH of 5 provided the highest COD removal 

efficiency of 32.80%.

For the reaction time of 40 minutes and settling time of 90 minutes, the 

highest COD removal efficiency was 40.86% at pH of 6.

When a set of conditions with the reaction time of 60 minutes and settling 

time of 90 minutes was selected, the highest COD removal efficiency of 45.90% was 

achieved at pH of 5.

Details of results and raw data are shown in Table 14 and Appendix B, 

respectively.

Table 14  The COD removal efficiency at 1.5 Amp., with varying of reaction time

                 (20-60 min.), settling time (30-90 min.) and pH (4-8)

Mean of COD removal (%)Amp. Reaction Time
(min)

Settling Time
(min) pH 4 pH 5 pH 6 pH 7 pH 8

1.5 20 30
60
90

15.93
26.24
25.74

30.36
31.52
32.80

32.68
31.32
31.66

23.04
26.98
28.91

25.77
28.41
26.64

40 30
60
90

38.60
38.65
39.12

37.29
37.96
40.01

35.89
40.31
40.86

33.46
33.71
36.25

32.16
32.02
33.87

60 30
60
90

41.80
42.34
44.51

44.21
45.24
45.90

42.33
44.16
44.97

41.65
42.67
43.54

36.00
36.59
37.49
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4.4 SS Removal Efficiency

4.4.1 First set of conditions: applied electrical current through electrodes was 

fixed at 0.5 A; reaction time was varied at 20, 40 and 60 minutes; settling time was varied 

at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 4-8.

It was observed that a set of conditions including 20 minutes of reaction 

time, 90 minutes of settling time and pH of 8 provided the highest SS removal efficiency 

of 22.90%.

For the reaction time of 40 minutes and settling time of 60 minutes, the 

highest SS removal efficiency was 62.97% at pH of 4.

When a set of conditions with the reaction time of 60 minutes and settling 

time of 90 minutes was selected, the highest SS removal efficiency of 63.91% was 

achieved at pH of 6.

Details of results and raw data are shown in Table 15 and Appendix B, 

respectively.

Table 15  The SS removal efficiency at 0.5 Amp., with varying of reaction time

                 (20-60 min.), settling time (30-90 min.) and pH (4-8)

Mean of SS removal (%)Amp. Reaction Time
(min)

Settling Time
(min) pH 4 pH 5 pH 6 pH 7 pH 8

0.5 20 30
60
90

12.27
13.32
16.88

10.48
11.72
13.14

16.17
16.80
18.65

15.46
19.92
21.96

12.79
22.15
22.90

40 30
60
90

45.76
62.97
62.85

2.98
5.98
8.27

12.23
26.59
28.57

20.31
20.07
23.93

17.25
28.29
28.69

60 30
60
90

18.09
34.24
36.34

7.49
40.53
52.33

24.82
50.30
63.91

28.36
28.53
29.87

19.84
30.19
38.02
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4.4.2 Second set of conditions: applied electrical current through electrodes was 

fixed at 1.0 A; reaction time was varied at 20, 40 and 60 minutes; settling time was varied 

at 30, 60 and 90 minutes; pH values of influent wastewater were in the range of 4-8.

It was discovered that at a set of conditions including 20 minutes of reaction 

time, 90 minutes of settling time and pH of 4, the highest SS removal efficiency of 

65.98% was obtained.

For the reaction time of 40 minutes and settling time of 90 minutes, the 

highest SS removal efficiency was 68.46% at pH of 7.

When a set of conditions with the reaction time of 60 minutes and settling 

time of 90 minutes was selected, the highest SS removal efficiency of 76.80% was 

achieved at pH of 6.

Details of results and raw data are shown in Table 16 and Appendix B, 

respectively.

Table 16  The SS removal efficiency at 1.0 Amp., with varying of reaction time

                 (20-60 min.), settling time (30-90 min.) and pH (4-8)

Mean of SS removal (%)Amp. Reaction Time
(min)

Settling Time
(min) pH 4 pH 5 pH 6 pH 7 pH 8

1.0 20 30
60
90

56.51
62.13
65.98

20.59
22.86
37.47

18.43
24.91
21.48

14.14
26.52
26.69

18.58
20.70
26.52

40 30
60
90

26.77
48.43
53.56

29.20
49.59
59.66

43.41
62.56
67.87

42.53
58.82
68.46

24.07
48.19
66.88

60 30
60
90

43.14
69.63
74.29

42.35
66.82
72.76

50.05
75.23
76.80

51.46
66.77
75.86

47.86
66.64
74.73



Duangta Kitkaew Results / 54

4.4.3 Third set of conditions: applied electrical current through electrodes was 

fixed at 1.5 A; reaction time was varied at 20, 40 and 60 minutes; settling time was varied 

at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 4-8.

It was observed that a set of conditions including 20 minutes of reaction 

time, 90 minutes of settling time and pH of 6 provided the highest SS removal efficiency 

of 68.65%.

For the reaction time of 40 minutes and settling time of 90 minutes, the 

highest SS removal efficiency was 76.74% at pH of 6.

When a set of conditions with the reaction time of 60 minutes and settling 

time of 90 minutes was selected, the highest SS removal efficiency of 81.51% was 

achieved at pH of 5.

Details of results and raw data are shown in Table 17 and Appendix B, 

respectively.

Table 17  The SS removal efficiency at 1.5 Amp., with varying of reaction time

                 (20-60 min.), settling time (30-90 min.) and pH (4-8)

Mean of SS removal (%)Amp. Reaction Time
(min)

Settling Time
(min) pH 4 pH 5 pH 6 pH 7 pH 8

1.5 20 30
60
90

25.48
50.12
59.86

26.36
55.78
61.84

32.86
58.53
68.65

40.99
48.73
60.54

35.02
44.59
50.11

40 30
60
90

51.00
71.12
74.40

49.30
70.92
74.50

53.03
71.59
76.74

40.24
68.14
75.45

43.70
60.87
65.15

60 30
60
90

60.62
76.56
81.04

64.51
70.28
81.51

61.30
74.33
81.06

52.33
68.72
78.90

33.98
57.84
63.54
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4.5 TDS Reduction Efficiency

4.5.1 First set of conditions: applied electrical current through electrodes was 

fixed at 0.5 A; reaction time was varied at 20, 40 and 60 minutes; settling time was varied 

at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 4-8.

It was observed that a set of conditions including 20 minutes of reaction 

time, 90 minutes of settling time and pH of 6 provided the highest TDS removal 

efficiency of 19.77%.

For the reaction time of 40 minutes and settling time of 30 minutes, the 

highest TDS removal efficiency was 29.55% at pH of 7.

When a set of conditions with the reaction time of 60 minutes and settling 

time of 30 minutes was selected, the highest TDS removal efficiency of 28.56% was 

achieved at pH of 6.

Details of results and raw data are shown in Table 18 and Appendix B, 

respectively.

Table 18  The TDS removal efficiency at 0.5 Amp., with varying of reaction time

                 (20-60 min.), settling time (30-90 min.) and pH (4-8)

Mean of TDS removal (%)Amp. Reaction Time
(min)

Settling Time
(min) pH 4 pH 5 pH 6 pH 7 pH 8

0.5 20 30
60
90

14.96
15.14
19.28

15.45
15.42
16.50

19.47
19.54
19.77

5.09
6.42
6.85

7.35
13.26
13.97

40 30
60
90

15.02
16.36
17.40

22.38
21.86
24.17

27.48
25.54
25.20

29.55
28.89
27.14

21.09
21.93
18.86

60 30
60
90

16.29
17.93
19.78

22.45
22.67
18.72

28.56
25.62
24.28

23.46
24.38
21.95

16.77
15.42
14.26
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4.5.2 Second set of conditions: applied electrical current through electrodes was 

fixed at 1.0 A; reaction time was varied at 20, 40 and 60 minutes; settling time was varied 

at 30, 60 and 90 minutes; pH values of influent wastewater were in the range of 4-8.

It was discovered that at a set of conditions including 20 minutes of reaction 

time, 90 minutes of settling time and pH of 6, the highest TDS removal efficiency of 

26.58% was achieved.

For the reaction time of 40 minutes and settling time of 60 minutes, the 

highest TDS removal efficiency was 25.97% at pH of 6.

When a set of conditions with the reaction time of 60 minutes and settling 

time of 30 minutes was selected, the highest TDS removal efficiency of 26.68% was 

achieved at pH of 5.

Details of results and raw data are shown in Table 19 and Appendix B, 

respectively.

Table 19  The TDS removal efficiency at 1.0 Amp., with varying of reaction time

                 (20-60 min.), settling time (30-90 min.) and pH (4-8)

Mean of TDS removal (%)Amp. Reaction Time
(min)

Settling Time
(min) pH 4 pH 5 pH 6 pH 7 pH 8

1.0 20 30
60
90

16.22
18.62
20.07

24.34
25.32
24.97

24.67
24.68
26.58

10.27
11.40
15.01

10.60
9.55
8.73

40 30
60
90

15.56
16.31
17.22

21.98
21.99
21.89

25.66
25.97
24.34

20.86
20.11
20.25

13.05
12.88
12.18

60 30
60
90

13.64
16.32
17.03

26.68
25.46
24.65

24.80
24.17
25.50

19.22
20.92
20.14

13.19
11.32
12.00
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4.5.3 Third set of conditions: applied electrical current through electrodes was 

fixed at 1.5 A; reaction time was varied at 20, 40 and 60 minutes; settling time was varied 

at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 4-8.

It was observed that a set of conditions including 20 minutes of reaction 

time, 30 minutes of settling time and pH of 6 provided the highest TDS removal 

efficiency of 26.03%.

For the reaction time of 40 minutes and settling time of 90 minutes, the 

highest TDS removal efficiency was 24.07% at pH of 7.

When a set of conditions with the reaction time of 60 minutes and settling 

time of 90 minutes was selected, the highest TDS removal efficiency of 17.30% was 

achieved at pH of 4.

Details of results and raw data are shown in Table 20 and Appendix B, 

respectively.

Table 20  The TDS removal efficiency at 1.5 Amp., with varying of reaction time

                 (20-60 min.), settling time (30-90 min.) and pH (4-8)

Mean of TDS removal (%)Amp. Reaction Time
(min)

Settling Time
(min) pH 4 pH 5 pH 6 pH 7 pH 8

1.5 20 30
60
90

17.97
17.63
19.21

19.46
20.14
22.12

26.03
24.62
24.74

22.15
22.62
21.86

13.98
13.03
12.47

40 30
60
90

14.53
16.56
17.57

24.02
21.50
22.12

24.00
22.71
22.07

21.35
22.96
24.07

12.32
11.43
13.51

60 30
60
90

12.05
15.34
17.30

11.10
13.24
13.55

13.85
15.64
15.81

13.99
15.27
15.32

13.80
12.40
15.04
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CHAPTER V

DISCUSSIONS AND CONCLUSIONS

5.1 Effects of Electrochemical Process on Color Removal Efficiency

From the experimental results, it was discovered that color removal efficiency of 

textile industrial wastewater was differently affected by various conditions of the 

electrochemical process. The details of experimental conditions are disscussed as follows.

 First set of conditions: applied electrical current through electrodes was 

fixed at 0.5 Amperes; reaction time was varied at 20, 40 and 60 minutes; settling time 

was varied at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 

4-8. It was found that the optimum conditions for the highest color removal efficiency of 

61.13% include 60 minutes of reaction time, 90 minutes of settling time and pH of 

5.Color could be reduced from 1,623 to 630 ADMI.

 Second set of conditions: applied electrical current through electrodes was 

fixed at 1.0 Amperes; reaction time was varied at 20, 40 and 60 minutes; settling time 

was varied at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 

4-8. It was found that the optimum conditions for the highest color removal efficiency of 

79.97% include 60 minutes of reaction time, 60 minutes of settling time and pH of 

5.Color could be reduced from 1,623 to 325 ADMI.

 Third set of conditions: applied electrical current through electrodes was 

fixed at 1.5 Amperes; reaction time was varied at 20, 40 and 60 minutes; settling time 

was varied at 30, 60 and 90 minutes; pH values of influent wastewater were varied from  
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4-8. It was found that the optimum conditions for the highest color removal efficiency of 

92.47% include 60 minutes of reaction time, 90 minutes of settling time and pH of 

5.Color could be reduced from 1,623 to 124 ADMI.

Details of the experimental conditions and results are shown in Table 9, 10, 11, 

21 and Figure 6.
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Table 21  Color of  Influent and Effluent at electrical current 0.5-1.5 Amp.,

                 reaction time 20-60 min., settling time 30-90 min. and pH 4-8

Mean of  Color (ADMI)

4 5 6 7 8

Amp. Reaction

(min.)

Settling

(min.)

Inf. Eff. Inf. Eff. Inf. Eff. Inf. Eff. Inf. Eff.

0.5 20 30 1643 1628 1623 1623 1637 1637 1694 1694 1641 1641

60 1643 1631 1623 1623 1637 1637 1694 1694 1641 1641

90 1643 1626 1623 1623 1637 1637 1694 1694 1641 1641

40 30 1643 1633 1623 1431 1637 1092 1694 1513 1641 1136

60 1643 1619 1623 1439 1637 1066 1694 1483 1641 1091

90 1643 1611 1623 1449 1637 1016 1694 1465 1641 913

60 30 1643 1051 1623 661 1637 796 1694 1108 1641 745

60 1643 911 1623 636 1637 750 1694 797 1641 708

90 1643 967 1623 630 1637 713 1694 798 1641 686

1.0 20 30 1643 1741 1623 1623 1637 1637 1694 1582 1641 1193

60 1643 1757 1623 1623 1637 1637 1694 1542 1641 820

90 1643 1758 1623 1623 1637 1637 1694 1505 1641 1166

40 30 1643 636 1623 511 1637 549 1694 556 1641 537

60 1643 741 1623 525 1637 529 1694 543 1641 511

90 1643 679 1623 545 1637 534 1694 506 1641 491

60 30 1643 349 1623 326 1637 380 1694 400 1641 371

60 1643 401 1623 325 1637 373 1694 370 1641 381

90 1643 421 1623 348 1637 371 1694 375 1641 367

1.5 20 30 1643 1069 1623 527 1637 554 1694 567 1641 554

60 1643 856 1623 491 1637 523 1694 545 1641 566

90 1643 847 1623 478 1637 524 1694 531 1641 546

40 30 1643 262 1623 196 1637 242 1694 298 1641 297

60 1643 237 1623 175 1637 225 1694 292 1641 282

90 1643 226 1623 182 1637 225 1694 284 1641 276

60 30 1643 177 1623 154 1637 195 1694 236 1641 241

60 1643 169 1623 127 1637 189 1694 238 1641 230

90 1643 151 1623 124 1637 182 1694 219 1641 226
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Figure 6 Color removal efficiency at electrical current of 0.5-1.5 Amp., reaction time of 

20-60 min., settling time 30-90 min. and pH of 4-8
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It can be observed that color removal efficiency of textile industrial wastewater 

was increased when the applied electrical current was increased form 0.5 to 1.5 Amperes.

Boonyanitchayakul (20) studied the removal of textile azo dye and reported the 

removal efficiency of 97.44, 98.22 and 98.12% when electrical curerent of 0.25, 0.5 and 

0.75 Amp. were applied.

Lidia et al. (28) investigated the application of 1-10 volt of electrical potential 

for color reduction. It was discovered that when applying 4.32-4.59 volt of electrical 

potential, color could be reduced with 90% efficiency.

From both studies, it can be concluded that color removal efficiency increases as 

electrical currents are increased until up to certain point before the reduction efficiency 

stops increasing.

Lin SH, Peng CF (25) reported that, with sufficient electrical current, color 

molecules were reduced to smaller organic compounds at the anode. Then, small 

molecules of these organic compounds and suspended solids were attached with Fe(OH)3

(gelatinous floc) to form bigger flocs which were more easily separated from water by 

sedimentation or H2 flotation process.

It was also found that increasing reaction time from 20 to 60 minutes increases 

color removal efficiency of textile industrial wastewater.

Vlyssides et al. (12) conducted color reduction experiments using reaction time 

of 2-18 minutes and described that after 18 minutes, complete removal of color was 

achieved.
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Boonyanitchayakul (20) studied the effect of reaction time on color removal 

efficiency. For the reaction time of 10, 20 and 30 minutes, the highest efficiency of 

96.88-99.09% was obtained when 30 minutes of reaction time was used.

Both studies confirm that an increase in the duration of reaction time increase 

the removal efficiency up to certain period of time before the efficiency becomes steady.

It can be observed that color removal efficiency is slightly increased when 

settling time is increased from 30 to 90 minutes. Therefore, selecting the lower range of 

settling time can save settling tank construction costs.

With a number of experimental conditions using electrical currents of 0.5, 1.0 

and 1.5 Amperes, reaction time of 20, 40 and 60 minutes, settling time of 30, 60 and 90 

and pH of 4-8, the highest color removal efficiency of 92.47% (reduction of color from 

1623 to 123.5 ADMI). It was obtained with a set of optimum conditions including 1.5 

Amperes of electrical current, 60 minutes of reaction time, 90 minutes of settling time 

and pH 5 wastewater.

Favorable set of experimental conditions can be selected by referring to effluent 

standard of the textile industry issued by the U.S. Federal regulations for the best 

available tehcomology for existing sources (34). The maximum allowable color in the 

wastewater discharge which is 220 ADMI will be used as a reference. From the 

experiment with the electrical current of 1.5 Amperes, reaction time of 40 minutes, 

settling time of 30 minutes and pH 5 wastewater, color can be reduced as much as 

87.98% (from 1623 to 196 ADMI) which is low enough to comply with the standard 

value. Therefore, this set of conditions should be used for treatment of real wastewater 

from textile industry because shorter reaction time and shorter settling time are required 

which leads to lower electricity consumption and lower torage tank construction costs.
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5.2 Effects of Electrochemical Process on COD Removal Efficiency

From the experimental results, it was discovered that COD removal efficiency of 

textile industrial wastewater was differently affected by various conditions of the 

electrochemical process. The details of experimental conditions are disscussed as follows.

 First set of conditions: applied electrical current through electrodes was 

fixed at 0.5 Amperes; reaction time was varied at 20, 40 and 60 minutes; settling time 

was varied at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 

4-8. It was found that the optimum conditions for the highest COD removal efficiency of 

31.46% include 60 minutes of reaction time, 90 minutes of settling time and pH of 6. 

COD could be reduced from 2,022.0 to 1,400.9 mg/l.

 Second set of conditions: applied electrical current through electrodes was 

fixed at 1.0 Amperes; reaction time was varied at 20, 40 and 60 minutes; settling time 

was varied at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 

4-8. It was found that the optimum conditions for the highest COD removal efficiency of 

37.57% include 60 minutes of reaction time, 90 minutes of settling time and pH of 6. 

COD could be reduced from 2,022.0 to 1,260.1 mg/l.

 Third set of conditions: applied electrical current through electrodes was 

fixed at 1.5 Amperes; reaction time was varied at 20, 40 and 60 minutes; settling time 

was varied at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 

4-8. It was found that the optimum conditions for the highest COD removal efficiency of 

45.90% include 60 minutes of reaction time, 90 minutes of settling time and pH of 5. 

COD could be reduced from 2,805.0 to 1,506.5 mg/l.

Details of the experimental conditions and results are shown in Table 12, 13, 14,

22 and Figure 7.
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Table 22  COD of  Influent and Effluent at electrical current 0.5-1.5 Amp.,

                 reaction time 20-60 min., settling time 30-90 min. and pH 4-8

Mean of  COD (mg/l)

4 5 6 7 8

Amp. Reaction

(min.)

Settling

(min.)

Inf. Eff. Inf. Eff. Inf. Eff. Inf. Eff. Inf. Eff.

0.5 20 30 1822.5 1641.5 2805.0 2595.9 2022.0 1794.8 1851.1 1763.2 1813.3 1592.9

60 1822.5 1692.7 2805.0 2495.9 2022.0 1841.4 1851.1 1666.0 1813.3 1557.9

90 1822.5 1742.0 2805.0 2471.6 2022.0 1820.0 1851.1 1659.5 1813.3 1555.2

40 30 1822.5 1707.7 2805.0 2495.9 2022.0 1565.7 1851.1 1559.1 1813.3 1512.9

60 1822.5 1635.8 2805.0 2443.1 2022.0 1499.3 1851.1 1429.3 1813.3 1460.9

90 1822.5 1619.6 2805.0 2404.3 2022.0 1453.4 1851.1 1590.1 1813.3 1456.4

60 30 1822.5 1500.0 2805.0 2086.9 2022.0 1449.6 1851.1 1563.3 1813.3 1430.9

60 1822.5 1525.4 2805.0 2151.7 2022.0 1418.3 1851.1 1481.6 1813.3 1407.4

90 1822.5 1515.4 2805.0 2103.2 2022.0 1400.9 1851.1 1450.8 1813.3 1407.7

1.0 20 30 1822.5 1666.3 2805.0 2545.5 2022.0 1740.4 1851.1 1534.3 1813.3 1544.8

60 1822.5 1578.1 2805.0 2448.8 2022.0 1717.7 1851.1 1550.0 1813.3 1535.0

90 1822.5 1649.3 2805.0 2497.2 2022.0 1704.3 1851.1 1542.7 1813.3 1441.3

40 30 1822.5 1343.9 2805.0 2050.5 2022.0 1340.9 1851.1 1343.3 1813.3 1290.2

60 1822.5 1410.4 2805.0 1983.8 2022.0 1382.0 1851.1 1305.6 1813.3 1291.7

90 1822.5 1288.2 2805.0 2026.5 2022.0 1345.6 1851.1 1274.0 1813.3 1270.2

60 30 1822.5 1203.0 2805.0 1779.9 2022.0 1365.8 1851.1 1216.4 1813.3 1216.9

60 1822.5 1186.8 2805.0 1770.6 2022.0 1269.9 1851.1 1227.7 1813.3 1185.9

90 1822.5 1174.0 2805.0 1819.9 2022.0 1260.1 1851.1 1214.3 1813.3 1203.3

1.5 20 30 1822.5 1533.9 2805.0 1932.7 2022.0 1365.2 1851.1 1418.9 1813.3 1342.7

60 1822.5 1348.1 2805.0 1908.2 2022.0 1391.1 1851.1 1356.4 1813.3 1288.9

90 1822.5 1355.9 2805.0 1894.2 2022.0 1386.9 1851.1 1316.5 1813.3 1328.8

40 30 1822.5 1120.5 2805.0 1769.7 2022.0 1307.4 1851.1 1240.3 1813.3 1232.3

60 1822.5 1125.5 2805.0 1750.7 2022.0 1204.2 1851.1 1228.7 1813.3 1231.2

90 1822.5 1121.1 2805.0 1693.4 2022.0 1191.4 1851.1 1184.8 1813.3 1194.1

60 30 1822.5 1045.3 2805.0 1556.4 2022.0 1175.3 1851.1 1079.9 1813.3 1164.0

60 1822.5 1032.0 2805.0 1516.7 2022.0 1137.0 1851.1 1068.2 1813.3 1151.7

90 1822.5 993.0 2805.0 1506.5 2022.0 1121.5 1851.1 1048.6 1813.3 1128.9
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Figure 7 COD removal efficiency at electrical current of 0.5-1.5 Amp., reaction time

of 20-60 min., settling time 30-90 min. and pH of 4-8
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It can be observed that COD removal efficiency of textile industrial wastewater 

was increased when the applied electrical current was increased form 0.5 to 1.5 Amp.

Boonyanitchayakul (20) reported the COD removal efficiency of 63.34-76.71, 

66.66-77.96 and 69.29-79.96% when electrical curerent of 0.25, 0.5 and 0.75 Amperes 

were applied.

Lidia et al. (28) investigated the application of 1,000-5,000 coulomb of electrical 

charge for COD reduction. It was discovered that when applying 5,000 coulomb of 

electrical charge, COD could be reduced with highest efficiency of 35%.

Tubtimngam (29) studied the effect of electrical current on COD removal 

efficiency. For the electrical current of 3, 4 and 5 Amperes, the highest removal 

efficiency of 78.6% was obtained when 5 Amperes of electrical current was used.

Lin SH, Peng CF (25) reported that, with sufficient electrical current, color 

molecules were reduced to smaller organic compounds at the anode. Then, small 

molecules of these organic compounds and suspended solids were attached with Fe(OH)3

(gelatinous floc) to form bigger flocs which were more easily separated from water by 

sedimentation or H2 flotation process leading to COD reduction.

It was discovered that higher COD removal efficiency can be provided by 

increasing the reaction time from 20 to 60 minutes. This is confirmed by 2 studies.

Vlyssides et al. (12) conducted COD reduction experiments using reaction time 

of 2-18 minutes and described that after 18 minutes, 95.5% removal of COD was 

achieved.
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Boonyanitchchayakul (20) studied the effect of reaction time on COD removal 

efficiency. For the reaction time of 10, 20 and 30 minutes, the highest efficiency of 

76.64% was obtained when 30 minutes of reaction time was used.

It can be observed that COD removal efficiency is not significantly changed 

when settling time is increased from 30 to 90 minutes. Therefore, selecting the settling 

time of 30 minutes can save settling tank construction costs.

With a number of experimental conditions using electrical currents of 0.5, 1.0 

and 1.5 Amp., reaction time of 20, 40 and 60 minutes, settling time of 30, 60 and 90 and 

pH of 4-8, the highest COD removal efficiency of 45.90% (reduction of COD from 

2,805.0 mg/l to 1,506.5 mg/l). It was obtained with a set of optimum conditions including 

1.5 Amperes of electrical current, 60 minutes of reaction time, 90 minutes of settling time 

and pH 5 wastewater.

5.3 Effects of Electrochemical Process on SS Removal Efficiency

From the experimental results, it was discovered that SS removal efficiency of 

textile industrial wastewater was differently affected by various conditions of the 

electrochemical process. The details of experimental conditions are disscussed as follows.

 First set of conditions: applied electrical current through electrodes was 

fixed at 0.5 Amperes; reaction time was varied at 20, 40 and 60 minutes; settling time 

was varied at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 

4-8. It was found that the optimum conditions for the highest SS removal efficiency of 

63.91% include 60 minutes of reaction time, 90 minutes of settling time and pH of 6. SS 

could be reduced from 206.7 to 73.6 mg/l.
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 Second set of conditions: applied electrical current through electrodes was 

fixed at 1.0 Amperes; reaction time was varied at 20, 40 and 60 minutes; settling time 

was varied at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 

4-8. It was found that the optimum conditions for the highest SS removal efficiency of 

76.80% include 60 minutes of reaction time, 90 minutes of settling time and pH of 6. SS 

could be reduced from 206.7 to 47.5 mg/l.

 Third set of conditions: applied electrical current through electrodes was 

fixed at 1.5 Amperes; reaction time was varied at 20, 40 and 60 minutes; settling time 

was varied at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 

4-8. It was found that the optimum conditions for the highest SS removal efficiency of 

81.51% include 60 minutes of reaction time, 90 minutes of settling time and pH of 5. SS 

could be reduced from 208.9 to 38.1 mg/l.

Details of the experimental conditions and results are shown in Table 15, 16, 17,

23 and Figure 8.
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Table 23   SS of  Influent and Effluent at electrical current 0.5-1.5 Amp.,

                  reaction time 20-60 min., settling time 30-90 min. and pH 4-8

Mean of  SS (mg/l)

4 5 6 7 8

Amp. Reaction

(min.)

Settling

(min.)

Inf. Eff. Inf. Eff. Inf. Eff. Inf. Eff. Inf. Eff.

0.5 20 30 226.7 198.0 208.9 186.7 206.7 173.5 226.7 191.5 195.6 169.8

60 226.7 195.5 208.9 183.8 206.7 171.3 226.7 181.8 195.6 152.0

90 226.7 188.6 208.9 181.2 206.7 167.2 226.7 177.0 195.6 150.7

40 30 226.7 122.8 208.9 202.5 206.7 180.3 226.7 180.5 195.6 162.2

60 226.7 82.4 208.9 196.3 206.7 150.9 226.7 181.0 195.6 139.5

90 226.7 84.8 208.9 191.6 206.7 147.8 226.7 172.0 195.6 138.9

60 30 226.7 184.4 208.9 193.1 206.7 156.6 226.7 162.4 195.6 156.3

60 226.7 148.3 208.9 124.1 206.7 101.5 226.7 161.8 195.6 136.0

90 226.7 143.5 208.9 98.9 206.7 73.6 226.7 158.7 195.6 120.4

1.0 20 30 226.7 97.5 208.9 168.9 206.7 168.0 226.7 194.6 195.6 158.9

60 226.7 84.6 208.9 160.7 206.7 156.1 226.7 166.5 195.6 154.4

90 226.7 77.2 208.9 129.9 206.7 162.7 226.7 166.0 195.6 143.4

40 30 226.7 165.1 208.9 148.0 206.7 115.4 226.7 130.7 195.6 149.0

60 226.7 115.7 208.9 105.4 206.7 78.3 226.7 92.9 195.6 101.9

90 226.7 103.5 208.9 83.9 206.7 65.4 226.7 71.1 195.6 63.7

60 30 226.7 127.2 208.9 121.0 206.7 103.5 226.7 110.5 195.6 101.5

60 226.7 66.8 208.9 69.3 206.7 49.9 226.7 74.8 195.6 64.5

90 226.7 55.9 208.9 56.0 206.7 47.5 226.7 53.9 195.6 49.6

1.5 20 30 226.7 168.5 208.9 153.3 206.7 88.6 226.7 134.1 195.6 126.8

60 226.7 113.2 208.9 91.7 206.7 85.9 226.7 116.4 195.6 107.1

90 226.7 90.5 208.9 79.0 206.7 65.0 226.7 89.3 195.6 96.5

40 30 226.7 110.3 208.9 105.8 206.7 95.9 226.7 135.4 195.6 110.6

60 226.7 64.3 208.9 60.7 206.7 58.2 226.7 72.5 195.6 75.7

90 226.7 56.4 208.9 52.3 206.7 46.8 226.7 55.0 195.6 68.5

60 30 226.7 77.2 208.9 73.4 206.7 80.2 226.7 108.3 195.6 128.8

60 226.7 46.0 208.9 61.5 206.7 52.9 226.7 69.8 195.6 80.4

90 226.7 37.4 208.9 38.1 206.7 39.4 226.7 47.8 195.6 70.5
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Figure 8 SS removal efficiency at electrical current of 0.5-1.5 Amp., reaction time of

20-60 min., settling time 30-90 min. and pH of 4-8
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It can be observed that SS removal efficiency of textile industrial wastewater 

was increased when the applied electrical current was increased form 0.5 to 1.5 Amperes.

Boonyanitchayakul (20) reported the SS removal efficiency of 90.56, 91.96 and 

93.47% when electrical curerent of 0.25, 0.5 and 0.75 Amperes were applied.

Tubtimngam (29) studied the effect of electrical current on SS removal 

efficiency. For the electrical current of 3, 4 and 5 Amperes, the highest removal 

efficiency of 94.3% was obtained when 5 Amperes of electrical current was used.

It was discovered that higher SS removal efficiency can be obtained by 

increasing the reaction time from 20 to 60 minutes. This is confirmed by 

Boonyanitchchayakul (20) who studied the effect of reaction time on SS removal 

efficiency. For the reaction time of 10, 20 and 30 minutes, SS removal efficiencies 

became 89.26, 92.71 and 94.03%, respectively.

It can be observed that SS removal efficiency is increased when settling time is 

increased from 30 to 90 minutes.

With a number of experimental conditions using electrical currents of 0.5, 1.0 

and 1.5 Amp., reaction time of 20, 40 and 60 minutes, settling time of 30, 60 and 90 and 

pH of 4-8, the highest SS removal efficiency of 81.51% (reduction of SS from 208.9 mg/l 

to 38.1 mg/l) was obtained with a set of optimum conditions including 1.5 Amperes of 

electrical current, 60 minutes of reaction time, 90 minutes of settling time and pH 5 

wastewater.
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5.4 Effects of Electrochemical Process on TDS removal efficiency

From the experimental results, it was discovered that TDS removal efficiency of 

textile industrial wastewater was differently affected by various conditions of the 

electrochemical process. The details of experimental conditions are disscussed as follows.

 First set of conditions: applied electrical current through electrodes was 

fixed at 0.5 Amperes; reaction time was varied at 20, 40 and 60 minutes; settling time 

was varied at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 

4-8. It was found that the optimum conditions for the highest TDS removal efficiency of 

29.55% include 40 minutes of reaction time, 30 minutes of settling time and pH of 7. 

TDS could be reduced from 6,606.7 to 4,652.3 mg/l.

 Second set of conditions: applied electrical current through electrodes was 

fixed at 1.0 Amperes; reaction time was varied at 20, 40 and 60 minutes; settling time 

was varied at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 

4-8. It was found that the optimum conditions for the highest TDS removal efficiency of 

26.68% include 60 minutes of reaction time, 30 minutes of settling time and pH of 5. 

TDS could be reduced from 7,646.3 to 5,604.0 mg/l.

 Third set of conditions: applied electrical current through electrodes was 

fixed at 1.5 Amperes; reaction time was varied at 20, 40 and 60 minutes; settling time 

was varied at 30, 60 and 90 minutes; pH values of influent wastewater were varied from 

4-8. It was found that the optimum conditions for the highest TDS removal efficiency of 

26.03% include 20 minutes of reaction time, 30 minute of settling time and pH of 6. TDS 

could be reduced from 7,732.3 to 5,722.0 mg/l.

Details of the experimental conditions and results are shown in Table 18, 19, 20, 

24 and Figure 9.



Duangta Kitkaew Discussions and conclusions / 74

Table 24  TDS of Influent and Effluent at electrical current 0.5-1.5 Amp.,

      reaction time 20-60 min., settling time 30-90 min. and pH 4-8

Mean of  TDS (mg/l)

4 5 6 7 8

Amp. Reaction

(min.)

Settling

(min.)

Inf. Eff. Inf. Eff. Inf. Eff. Inf. Eff. Inf. Eff.

0.5 20 30 7023.0 5972.3 7646.3 6463.3 7732.3 6228.3 6606.7 6364.7 6404.3 5931.7

60 7023.0 5840.3 7646.3 6470.0 7732.3 6216.3 6606.7 6176.0 6404.3 5555.3

90 7023.0 5676.3 7646.3 6386.7 7732.3 6199.3 6606.7 6146.7 6404.3 5466.7

40 30 7023.0 5972.3 7646.3 5932.7 7732.3 5598.3 6606.7 4652.3 6404.3 5048.7

60 7023.0 5877.7 7646.3 5966.7 7732.3 5745.7 6606.7 4703.7 6404.3 4994.0

90 7023.0 5800.0 7646.3 5787.7 7732.3 5771.7 6606.7 4819.0 6404.3 5196.3

60 30 7023.0 5874.3 7646.3 5925.0 7732.3 5496.3 6606.7 4580.3 6404.3 5330.0

60 7023.0 5763.3 7646.3 5903.7 7732.3 5742.0 6606.7 5051.7 6404.3 5415.7

90 7023.0 5639.0 7646.3 6208.3 7732.3 5858.0 6606.7 5157.7 6404.3 5490.7

1.0 20 30 7023.0 5884.7 7646.3 5782.7 7732.3 5821.7 6606.7 5926.0 6404.3 5511.0

60 7023.0 5725.3 7646.3 5702.3 7732.3 5811.3 6606.7 5844.0 6404.3 5791.7

90 7023.0 5621.7 7646.3 5729.0 7732.3 5666.7 6606.7 5608.7 6404.3 5843.3

40 30 7023.0 3999.0 7646.3 5963.7 7732.3 5748.3 6606.7 5211.3 6404.3 5568.3

60 7023.0 5877.3 7646.3 5957.7 7732.3 5725.7 6606.7 5267.0 6404.3 5579.3

90 7023.0 5816.3 7646.3 5965.7 7732.3 5852.3 6606.7 5258.0 6404.3 5623.3

60 30 7023.0 6064.3 7646.3 5604.0 7732.3 5813.0 6606.7 5323.3 6404.3 5559.3

60 7023.0 5912.7 7646.3 5697.3 7732.3 5863.3 6606.7 5207.0 6404.3 5677.7

90 7023.0 5826.7 7646.3 5762.3 7732.3 5766.0 6606.7 5261.3 6404.3 5638.3

1.5 20 30 7023.0 5757.3 7646.3 6150.7 7732.3 5722.0 6606.7 5145.3 6404.3 5510.3

60 7023.0 5777.7 7646.3 6098.7 7732.3 5828.0 6606.7 5110.3 6404.3 5570.0

90 7023.0 5668.3 7646.3 5948.0 7732.3 5817.0 6606.7 5160.7 6404.3 5605.3

40 30 7023.0 6006.0 7646.3 5811.3 7732.3 5887.0 6606.7 5192.7 6404.3 5682.7

60 7023.0 5858.7 7646.3 6002.7 7732.3 5984.0 6606.7 5061.0 6404.3 5673.7

90 7023.0 5786.7 7646.3 5957.0 7732.3 6034.3 6606.7 5026.7 6404.3 5539.3

60 30 7023.0 6186.0 7646.3 6797.7 7732.3 6667.3 6606.7 5682.7 6404.3 5520.7

60 7023.0 5940.0 7646.3 6635.7 7732.3 6530.3 6606.7 5597.7 6404.3 5613.0

90 7023.0 5803.0 7646.3 6608.0 7732.3 6515.3 6606.7 5599.0 6404.3 5444.0
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Figure 9 TDS removal efficiency at electrical current of 0.5-1.5 Amp., reaction time

20-60 min., settling time 30-90 min. and pH of 4-8
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5.5  Power and  Chemical Consumption

5.5.1  Power Consumption

The power consumption of the electrochemical processes in this study was 

calculated from following relationship.

                I ×E × T

   P   =

   V ×1000

Where; P = power consumption ( kWh/m3)

I  = electrical current level (ampere)

E = voltage (volt)

T = reaction time (hour)

V = volume of wastewater treated in the reactor (m3)

The power consumption of the electrochemical process in various conditions was 

summarized in Table 25. It was apparent that the power consumption increased when the 

electrical current level or the reaction time elevated. In this experiment, the range of 

power consumption was between 0.24 – 4.28 kWh/m3.

5.5.2 Chemical Consumption

Conc.H2SO4 was used in this study to adjust pH of wastewater from 11.9 

to 4-8. Conc.H2SO4 (commercial grade) with 98% concentration is priced at 550 baht per 

35 liter. Cost of chemicals can be calculated as shown in Table 26.
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Table 25  Power consumption of electrochemical process

Electrical current

( ampere)

Voltage

(volt)

Reaction time

(minute)

Power consumption

( kWh/m3)

0.5

0.5

0.5

1.0

1.0

1.0

1.5

1.5

1.5

10

10

10

15

15

15

20

20

20

20

40

60

20

40

60

20

40

60

0.24

0.47

0.71

0.71

1.43

2.14

1.43

2.85

4.28

Table 26  Chemical consumption for pH adjustment

pH Conc.H2SO4 for adjust pH

(Liter/m3)

Cost of Chemical

(Baht/m3)

4 2.55 40.07

5 2.30 36.14

6 2.00 31.43

7 1.55 24.36

8 1.45 22.79
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5.6  Conclusions

The study of removal efficiency of reactive dye color from textile industrial 

wastewater using electrochemical process with electrical current level of 0.5, 1.0 and 1.5 

Amp., reaction time of 20, 40 and 60 minutes, settling time of 30, 60 and 90 minutes and 

pH of 4-8 can be concluded as follows:

5.6.1  Highest color removal efficiency of 92.47% (reduction from 1623 to 124 

ADMI) can be obtained when the experimental conditions include 1.5 Amperes applied 

electrical current, 60 minutes of reaction time, 90 minute of settling time and pH 5. At 

this set of conditions, 45.90% of COD can be reduced (from 2805.0 to 1506.5 mg/l), 

81.51% of SS (from 208.9 to 38.1 mg/l) can be removed and 13.55% of TDS can be 

reduced (from 7646.3 to 6608.0 mg/l). To treat a cubic meter of textile industrial 

wastewater, 4.28 unit of electricity and 2.3 liters of conc.H2SO4 (which costs 36.14 baht) 

are required.

5.6.2  Favorable conditions to remove color, which include 1.5 Amperes of 

electrical current applied through electrodes, reaction time of 40 minutes, settling time of 

30 minutes, pH of 5, can reduce 87.98% of color (from 1623 to 196 ADMI which is 

lower than the U.S. Federal standard value). At this set of conditions, 37.29% of COD 

can be reduced (from 2805.0 to 1,769.7 mg/l), 49.30% of SS (from 208.9 to 105.8 mg/l) 

can be removed and 24.02% of TDS can be reduced (from 7646.3 to 5811.3 mg/l). To 

treat a cubic meter of textile industrial wastewater, 2.85 unit of electricity and 2.3 liters of 

conc.H2SO4 (which costs 36.14 baht) are required.
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5.7  Recommendations

5.7.1  Recommendations for industrial implementation

From the experimental results, it was found that ECP can treat textile 

industrial wastewater efficiently. ECP provides highefficiency of color and SS removal, 

but low efficiency of COD and TDS removal comparing with the effluent standard 

Notification of the Ministry of Industry. Therefore, in order to comply with wastewater 

effluent standard, additional treatment system such as biological treatment system are 

required.

Operating costs for textile wastewater treatment by using ECP are mainly 

dependent on the amount of concentrated sulfuric acid for pH adjustment. To reduce the 

chemical consumption, other stream of more acidic wastewater should be mixed with the 

textile wastewater to lower the pH value.

5.7.2  Recommendations for further investigation

1) Study the efficiency of the textile wastewater treatment using 

electrochemical process with wider range of conditions. For example, electrical current 

levels and reaction time other than those used in this study should be experimented 

because in this study, so many parameters were studied thay they could not possibly be 

varied to cover a wider range.

2) The feasibility of continuous textile wastewater treatment system 

using electrochemical process should be investigated.

3)  Study the treatment of textile industrial wastewater using monopolar 

electrochemical process.

4) Investigate the treatment of textile industrial wastewater using 

electrochemical process by varying the number of electrodes or types of material such as 

titanium or platinum which is strong metal, corrosion-resistant and electrical conductive. 

These metals provide exellent reduction-oxidation and effective color and COD removal.
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Figure A-1  Experimental Model

Figure A-2  Experimental at the beginning of electrochemical process
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Figure A-3  Experimental during electrochemical process

Figure A-4  Settling
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Figure A-5  Steel electrode

Figure A-6  The color removal efficiency at different condition

Influent 0.5 Amp. 1.0 Amp. 1.5 Amp.
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Table B-1.1.1  The color concentration of influent and effluent at pH 4 with varying
 electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

Color (ADMI)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

4 0.5 20 30
60
90

1451
1451
1451

1438
1440
1435

1789
1789
1789

1776
1780
1773

1688
1688
1688

1671
1674
1669

40 30
60
90

1451
1451
1451

1442
1435
1424

1789
1789
1789

1778
1762
1754

1688
1688
1688

1679
1660
1656

60 30
60
90

1451
1451
1451

943
750
854

1789
1789
1789

1093
1072
1070

1688
1688
1688

1117
912
976

1.0 20 30
60
90

1451
1451
1451

1637
1621
1628

1789
1789
1789

1819
1829
1846

1688
1688
1688

1768
1820
1800

40 30
60
90

1451
1451
1451

580
696
637

1789
1789
1789

745
799
659

1688
1688
1688

583
727
740

60 30
60
90

1451
1451
1451

335
386
406

1789
1789
1789

354
395
427

1688
1688
1688

357
421
431

1.5 20 30
60
90

1451
1451
1451

994
777
775

1789
1789
1789

1133
909
889

1688
1688
1688

1080
882
878

40 30
60
90

1451
1451
1451

288
238
227

1789
1789
1789

260
241
235

1688
1688
1688

237
232
216

60 30
60
90

1451
1451
1451

210
198
182

1789
1789
1789

173
160
123

1688
1688
1688

149
148
148
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Table B-1.1.2  The color concentration of influent and effluent at pH 5 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

Color (ADMI)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

5 0.5 20 30
60
90

1474
1474
1474

1474
1474
1474

1685
1685
1685

1685
1685
1685

1710
1710
1710

1710
1710
1710

40 30
60
90

1474
1474
1474

1310
1319
1321

1685
1685
1685

1515
1473
1470

1710
1710
1710

1468
1524
1556

60 30
60
90

1474
1474
1474

612
565
587

1685
1685
1685

659
647
612

1710
1710
1710

712
695
692

1.0 20 30
60
90

1474
1474
1474

1474
1474
1474

1685
1685
1685

1685
1685
1685

1710
1710
1710

1710
1710
1710

40 30
60
90

1474
1474
1474

472
486
516

1685
1685
1685

500
505
580

1710
1710
1710

562
584
540

60 30
60
90

1474
1474
1474

324
298
325

1685
1685
1685

309
329
353

1710
1710
1710

345
348
367

1.5 20 30
60
90

1474
1474
1474

501
450
413

1685
1685
1685

500
471
492

1710
1710
1710

580
551
529

40 30
60
90

1474
1474
1474

151
128
169

1685
1685
1685

190
172
163

1710
1710
1710

246
225
214

60 30
60
90

1474
1474
1474

147
89

88.5

1685
1685
1685

133
121
118

1710
1710
1710

183
172
164
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Table B-1.1.3  The color concentration of influent and effluent at pH 6 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

Color (ADMI)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

6 0.5 20 30
60
90

1450
1450
1450

1450
1450
1450

1752
1752
1752

1752
1752
1752

1709
1709
1709

1709
1709
1709

40 30
60
90

1450
1450
1450

983
968
928

1752
1752
1752

1105
1070
1064

1709
1709
1709

1187
1160
1056

60 30
60
90

1450
1450
1450

697
664
635

1752
1752
1752

822
767
721

1709
1709
1709

869
818
783

1.0 20 30
60
90

1450
1450
1450

1450
1450
1450

1752
1752
1752

1752
1752
1752

1709
1709
1709

1709
1709
1709

40 30
60
90

1450
1450
1450

516
486
477

1752
1752
1752

564
579
560

1709
1709
1709

566
521
566

60 30
60
90

1450
1450
1450

364
360
345

1752
1752
1752

392
387
395

1709
1709
1709

383
371
374

1.5 20 30
60
90

1450
1450
1450

522
477
474

1752
1752
1752

582
557
563

1709
1709
1709

558
534
535

40 30
60
90

1450
1450
1450

232
196
195

1752
1752
1752

264
252
241

1709
1709
1709

230
228
238

60 30
60
90

1450
1450
1450

185
180
170

1752
1752
1752

204
201
191

1709
1709
1709

195
186
184
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Table B-1.1.4  The color concentration of influent and effluent at pH 7 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

Color (ADMI)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

7 0.5 20 30
60
90

1518
1518
1518

1518
1518
1518

1796
1796
1796

1796
1796
1796

1768
1768
1768

1768
1768
1768

40 30
60
90

1518
1518
1518

1352
1320
1300

1796
1796
1796

1640
1614
1592

1768
1768
1768

1547
1515
1502

60 30
60
90

1518
1518
1518

960
747
714

1796
1796
1796

1180
869
897

1768
1768
1768

1183
776
784

1.0 20 30
60
90

1518
1518
1518

1437
1395
1380

1796
1796
1796

1655
1616
1589

1768
1768
1768

1654
1616
1547

40 30
60
90

1518
1518
1518

543
487
444

1796
1796
1796

577
580
546

1768
1768
1768

548
561
529

60 30
60
90

1518
1518
1518

407
311
314

1796
1796
1796

402
406
414

1768
1768
1768

391
394
396

1.5 20 30
60
90

1518
1518
1518

540
504
505

1796
1796
1796

613
588
574

1768
1768
1768

547
544
514

40 30
60
90

1518
1518
1518

285
262
235

1796
1796
1796

308
294
288

1768
1768
1768

301
321
328

60 30
60
90

1518
1518
1518

228
244
213

1796
1796
1796

244
243
226

1768
1768
1768

235
226
218
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Table B-1.1.5  The color concentration of influent and effluent at pH 8 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

Color (ADMI)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

8 0.5 20 30
60
90

1454
1454
1454

1454
1454
1454

1718
1718
1718

1718
1718
1718

1751
1751
1751

1751
1751
1751

40 30
60
90

1454
1454
1454

1000
945
862

1718
1718
1718

1158
1137
902

1751
1751
1751

1249
1192
975

60 30
60
90

1454
1454
1454

663
621
600

1718
1718
1718

756
696
677

1751
1751
1751

817
806
780

1.0 20 30
60
90

1454
1454
1454

1186
1082
1060

1718
1718
1718

1326
1241
1226

1751
1751
1751

1389
1256
1213

40 30
60
90

1454
1454
1454

508
471
454

1718
1718
1718

566
518
491

1751
1751
1751

538
543
529

60 30
60
90

1454
1454
1454

327
312
298

1718
1718
1718

403
457
419

1751
1751
1751

384
374
384

1.5 20 30
60
90

1454
1454
1454

458
507
474

1718
1718
1718

591
567
565

1751
1751
1751

614
625
599

40 30
60
90

1454
1454
1454

234
203
196

1718
1718
1718

337
326
315

1751
1751
1751

319
318
317

60 30
60
90

1454
1454
1454

227
196
206

1718
1718
1718

231
220
216

1751
1751
1751

264
274
257
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Table B-1.2.1  The COD concentration of influent and effluent at pH 4 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

COD (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

4 0.5 20 30
60
90

2499
2499
2499

2274
2349
2324

1561.6
1561.6
1561.6

1405.4
1435.1
1600.6

1407.0
1407.0
1407.0

1245.0
1294.0
1301.4

40 30
60
90

2499
2499
2499

2336
2264
2234

1561.6
1561.6
1561.6

1483.5
1405.4
1405.4

1407.0
1407.0
1407.0

1303.6
1238.0
1219.4

60 30
60
90

2499
2499
2499

2044
2108
2108

1561.6
1561.6
1561.6

1303.0
1288.3
1288.3

1407.0
1407.0
1407.0

1153.0
1180.0
1150.0

1.0 20 30
60
90

2499
2499
2499

2299
2197
2248

1561.6
1561.6
1561.6

1405.4
1327.4
1405.4

1407.0
1407.0
1407.0

1294.4
1210.0
1294.4

40 30
60
90

2499
2499
2499

1899
1984
1796

1561.6
1561.6
1561.6

1132.2
1172.2
1093.1

1407.0
1407.0
1407.0

1000.5
1075.0
975.5

60 30
60
90

2499
2499
2499

1649
1645
1608

1561.6
1561.6
1561.6

1034.6
1015.0
976.0

1407.0
1407.0
1407.0

925.5
900.5
938.0

1.5 20 30
60
90

2499
2499
2499

2108
1874
1870

1561.6
1561.6
1561.6

1327.4
1132.2
1172.2

1407.0
1407.0
1407.0

1166.3
1038.1
1025.5

40 30
60
90

2499
2499
2499

1549
1589
1608

1561.6
1561.6
1561.6

937.0
937.0
917.4

1407.0
1407.0
1407.0

875.5
850.5
837.9

60 30
60
90

2499
2499
2499

1489
1449
1396

1561.6
1561.6
1561.6

859.0
859.0
820.0

1407.0
1407.0
1407.0

787.9
787.9
762.9
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Table B-1.2.2  The COD concentration of influent and effluent at pH 5 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

COD (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

5 0.5 20 30
60
90

5117
5117
5117

4733
4576
4502

1718.0
1718.0
1718.0

1600.6
1522.6
1519.7

1580.0
1580.0
1580.0

1454.0
1389.0
1393.0

40 30
60
90

5117
5117
5117

4605
4500
4400

1718.0
1718.0
1718.0

1522.6
1469.4
1444.5

1580.0
1580.0
1580.0

1360.0
1360.0
1368.4

60 30
60
90

5117
5117
5117

3838
3945
3863

1718.0
1718.0
1718.0

1249.3
1323.5
1263.2

1580.0
1580.0
1580.0

1173.3
1186.7
1183.3

1.0 20 30
60
90

5117
5117
5117

4615
4500
4569

1718.0
1718.0
1718.0

1561.6
1444.5
1522.6

1580.0
1580.0
1580.0

1460.0
1402.0
1400.0

40 30
60
90

5117
5117
5117

3587
3653
3735

1718.0
1718.0
1718.0

1404.6
1151.7
1171.2

1580.0
1580.0
1580.0

1160.0
1146.7
1173.3

60 30
60
90

5117
5117
5117

3172
3203
3336

1718.0
1718.0
1718.0

1100.9
1068.9
1083.7

1580.0
1580.0
1580.0

1066.7
1040.0
1040.0

1.5 20 30
60
90

5117
5117
5117

3474
3452
3479

1718.0
1718.0
1718.0

1190.7
1151.7
1151.7

1580.0
1580.0
1580.0

1133.3
1121.0
1052.0

40 30
60
90

5117
5117
5117

3234
3223
3121

1718.0
1718.0
1718.0

1061.9
1042.5
986.0

1580.0
1580.0
1580.0

1013.3
986.7
973.3

60 30
60
90

5117
5117
5117

2820
2722
2722

1718.0
1718.0
1718.0

942.5
908.1
917.4

1580.0
1580.0
1580.0

906.7
920.0
880.0
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Table B-1.2.3  The COD concentration of influent and effluent at pH 6 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

COD (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

6 0.5 20 30
60
90

2732
2732
2732

2459
2498
2472

1594.1
1594.1
1594.1

1377.6
1436.6
1417.0

1740.0
1740.0
1740.0

1547.7
1589.7
1570.9

40 30
60
90

2732
2732
2732

2123
2068
2006

1594.1
1594.1
1594.1

1200.5
1128.3
1128.3

1740.0
1740.0
1740.0

1373.7
1301.5
1226.0

60 30
60
90

2732
2732
2732

1967
1939
1940

1594.1
1594.1
1594.1

1115.2
1075.8
1062.7

1740.0
1740.0
1740.0

1266.7
1240.0
1200.0

1.0 20 30
60
90

2732
2732
2732

2311
2300
2295

1594.1
1594.1
1594.1

1397.3
1358.0
1358.0

1740.0
1740.0
1740.0

1512.9
1495.0
1459.8

40 30
60
90

2732
2732
2732

1800
1910
1840

1594.1
1594.1
1594.1

1062.7
1062.7
1050.0

1740.0
1740.0
1740.0

1160.0
1173.3
1146.7

60 30
60
90

2732
2732
2732

1912
1720
1690

1594.1
1594.1
1594.1

1062.7
1036.5
1010.2

1740.0
1740.0
1740.0

1122.8
1053.3
1080.0

1.5 20 30
60
90

2732
2732
2732

1873
1898
1912

1594.1
1594.1
1594.1

1076.0
1102.1
1102.1

1740.0
1740.0
1740.0

1146.7
1173.3
1146.7

40 30
60
90

2732
2732
2732

1834
1612
1580

1594.1
1594.1
1594.1

984.0
970.9
951.2

1740.0
1740.0
1740.0

1104.3
1029.6
1043.0

60 30
60
90

2732
2732
2732

1645
1585
1568

1594.1
1594.1
1594.1

892.2
866.0
849.0

1740.0
1740.0
1740.0

988.8
960.0
947.4
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Table B-1.2.4  The COD concentration of influent and effluent at pH 7 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

COD (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

7 0.5 20 30
60
90

2400
2400
2400

2320
2192
2152

1633.4
1633.4
1633.4

1554.7
1476.0
1476.0

1520.0
1520.0
1520.0

1415.0
1330.0
1350.6

40 30
60
90

2400
2400
2400

2000
1600
2053

1633.4
1633.4
1633.4

1397.3
1408.0
1397.3

1520.0
1520.0
1520.0

1280.0
1280.0
1320.0

60 30
60
90

2400
2400
2400

2040
1920
1880

1633.4
1633.4
1633.4

1377.6
1338.2
1299.0

1520.0
1520.0
1520.0

1272.2
1186.7
1173.3

1.0 20 30
60
90

2400
2400
2400

2008
2040
2008

1633.4
1633.4
1633.4

1358.0
1358.0
1377.6

1520.0
1520.0
1520.0

1237.0
1252.0
1242.4

40 30
60
90

2400
2400
2400

1776
1712
1670

1633.4
1633.4
1633.4

1173.9
1138.0
1089.0

1520.0
1520.0
1520.0

1080.0
1066.7
1062.9

60 30
60
90

2400
2400
2400

1622
1620
1627

1633.4
1633.4
1633.4

1036.5
1036.5
1023.4

1520.0
1520.0
1520.0

990.7
1026.7
992.6

1.5 20 30
60
90

2400
2400
2400

1798
1800
1718

1633.4
1633.4
1633.4

1272.1
1141.4
1124.9

1520.0
1520.0
1520.0

1186.7
1127.7
1106.7

40 30
60
90

2400
2400
2400

1675
1613
1576

1633.4
1633.4
1633.4

1046.0
1033.0
997.1

1520.0
1520.0
1520.0

1000.0
1040.0
981.2

60 30
60
90

2400
2400
2400

1405
1438
1387

1633.4
1633.4
1633.4

918.4
905.3
905.3

1520.0
1520.0
1520.0

916.3
861.2
853.6



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 97

Table B-1.2.5  The COD concentration of influent and effluent at pH 8 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

COD (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

8 0.5 20 30
60
90

2608
2608
2608

2284
2224
2214

1332.0
1332.0
1332.0

1182.0
1163.1
1163.1

1500.0
1500.0
1500.0

1312.8
1286.7
1288.5

40 30
60
90

2608
2608
2608

2148
2102
2106

1332.0
1332.0
1332.0

1115.6
1050.6
1038.1

1500.0
1500.0
1500.0

1275.0
1230.0
1225.1

60 30
60
90

2608
2608
2608

2068
2050
2025

1332.0
1332.0
1332.0

1038.1
1025.5
1038.1

1500.0
1500.0
1500.0

1186.7
1146.7
1160.0

1.0 20 30
60
90

2608
2608
2608

2221
2232
2039

1332.0
1332.0
1332.0

1144.4
1125.6
1088.1

1500.0
1500.0
1500.0

1269.0
1247.3
1196.7

40 30
60
90

2608
2608
2608

1840
1833
1783

1332.0
1332.0
1332.0

950.5
975.5
961.0

1500.0
1500.0
1500.0

1080.0
1066.7
1066.7

60 30
60
90

2608
2608
2608

1726
1687
1726

1332.0
1332.0
1332.0

911.4
883.9
870.6

1500.0
1500.0
1500.0

1013.3
986.7
1013.3

1.5 20 30
60
90

2608
2608
2608

1916
1812
1906

1332.0
1332.0
1332.0

1000.5
988.0
987.1

1500.0
1500.0
1500.0

1111.7
1066.7
1093.3

40 30
60
90

2608
2608
2608

1783
1768
1695

1332.0
1332.0
1332.0

900.5
925.5
900.5

1500.0
1500.0
1500.0

1013.3
1000.0
986.7

60 30
60
90

2608
2608
2608

1689
1672
1603

1332.0
1332.0
1332.0

837.9
863.0
850.5

1500.0
1500.0
1500.0

965.0
920.0
933.3
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Table B-1.3.1  The SS concentration of influent and effluent at pH 4 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

SS (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

4 0.5 20 30
60
90

110.0
110.0
110.0

98.0
97.0
91.2

270.0
270.0
270.0

236.5
234.0
224.0

300.0
300.0
300.0

259.5
255.6
250.5

40 30
60
90

110.0
110.0
110.0

60.5
43.8
41.8

270.0
270.0
270.0

137.8
92.5
97.5

300.0
300.0
300.0

170.0
111.0
115.0

60 30
60
90

110.0
110.0
110.0

92.3
73.9
71.5

270.0
270.0
270.0

220.0
173.3
171.4

300.0
300.0
300.0

241.0
197.7
187.5

1.0 20 30
60
90

110.0
110.0
110.0

50.1
43.9
37.7

270.0
270.0
270.0

110.0
100.0
84.0

300.0
300.0
300.0

132.5
110.0
110.0

40 30
60
90

110.0
110.0
110.0

82.4
60.8
54.6

270.0
270.0
270.0

192.0
134.4
119.1

300.0
300.0
300.0

221.0
152.0
136.7

60 30
60
90

110.0
110.0
110.0

65.8
37.0
32.9

270.0
270.0
270.0

149.0
80.9
62.2

300.0
300.0
300.0

166.7
82.5
72.5

1.5 20 30
60
90

110.0
110.0
110.0

83.0
55.0
45.4

270.0
270.0
270.0

197.4
128.6
102.1

300.0
300.0
300.0

225.0
156.0
124.0

40 30
60
90

110.0
110.0
110.0

55.3
34.0
31.2

270.0
270.0
270.0

132.5
74.0
65.5

300.0
300.0
300.0

143.0
85.0
72.5

60 30
60
90

110.0
110.0
110.0

46.7
27.9
22.2

270.0
270.0
270.0

100.0
60.0
50.0

300.0
300.0
300.0

85.0
50.0
40.0
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Table B-1.3.2  The SS concentration of influent and effluent at pH 5 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

SS (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

5 0.5 20 30
60
90

140.0
140.0
140.0

126.3
126.0
122.5

260.0
260.0
260.0

231.0
226.0
224.0

226.7
226.7
226.7

202.9
199.3
197.1

40 30
60
90

140.0
140.0
140.0

136.5
132.4
128.7

260.0
260.0
260.0

252.5
244.8
240.0

226.7
226.7
226.7

218.6
211.6
206.2

60 30
60
90

140.0
140.0
140.0

130.2
84.0
69.2

260.0
260.0
260.0

241.1
155.0
120.0

226.7
226.7
226.7

208.1
133.3
107.5

1.0 20 30
60
90

140.0
140.0
140.0

122.0
109.4
90.0

260.0
260.0
260.0

203.7
196.7
156.7

226.7
226.7
226.7

181.1
176.0
142.9

40 30
60
90

140.0
140.0
140.0

99.5
71.0
57.5

260.0
260.0
260.0

188.0
135.0
101.8

226.7
226.7
226.7

156.5
110.2
92.5

60 30
60
90

140.0
140.0
140.0

79.0
50.0
42.0

260.0
260.0
260.0

154.0
86.0
68.0

226.7
226.7
226.7

129.9
72.0
58.0

1.5 20 30
60
90

140.0
140.0
140.0

105.0
64.0
56.0

260.0
260.0
260.0

188.0
110.0
95.0

226.7
226.7
226.7

166.9
101.2
86.0

40 30
60
90

140.0
140.0
140.0

71.0
42.0
39.0

260.0
260.0
260.0

129.8
80.0
60.0

226.7
226.7
226.7

116.7
60.0
58.0

60 30
60
90

140.0
140.0
140.0

51.8
43.5
28.2

260.0
260.0
260.0

86.0
73.6
46.0

226.7
226.7
226.7

82.5
67.5
40.0
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Table B-1.3.3  The SS concentration of influent and effluent at pH 6 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

SS (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

6 0.5 20 30
60
90

110.0
110.0
110.0

91.5
93.0
91.5

260.0
260.0
260.0

217.0
216.0
208.0

250.0
250.0
250.0

212.1
204.9
202.2

40 30
60
90

110.0
110.0
110.0

99.0
82.6
78.0

260.0
260.0
260.0

227.0
185.0
180.4

250.0
250.0
250.0

215.0
185.0
185.0

60 30
60
90

110.0
110.0
110.0

80.0
57.3
41.7

260.0
260.0
260.0

200.0
123.3
86.7

250.0
250.0
250.0

189.7
124.0
92.5

1.0 20 30
60
90

110.0
110.0
110.0

91.0
80.5
85.3

260.0
260.0
260.0

209.3
194.7
203.1

250.0
250.0
250.0

203.7
193.0
199.7

40 30
60
90

110.0
110.0
110.0

65.6
39.0
37.8

260.0
260.0
260.0

140.7
93.3
83.3

250.0
250.0
250.0

140.0
102.5
75.0

60 30
60
90

110.0
110.0
110.0

54.5
30.1
26.6

260.0
260.0
260.0

136.0
56.0
64.0

250.0
250.0
250.0

120.0
63.5
52.0

1.5 20 30
60
90

110.0
110.0
110.0

75.8
45.2
34.2

260.0
260.0
260.0

174.0
110.0
86.7

250.0
250.0
250.0

16.0
102.5
74.0

40 30
60
90

110.0
110.0
110.0

54.4
32.5
28.5

260.0
260.0
260.0

120.0
72.0
60.0

250.0
250.0
250.0

113.3
70.0
52.0

60 30
60
90

110.0
110.0
110.0

42.0
28.7
20.2

260.0
260.0
260.0

102.0
70.0
48.0

250.0
250.0
250.0

96.7
60.0
50.0
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Table B-1.3.4  The SS concentration of influent and effluent at pH 7 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

SS (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

7 0.5 20 30
60
90

170.0
170.0
170.0

144.8
134.5
132.2

260.0
260.0
260.0

220.1
207.7
202.0

250.0
250.0
250.0

209.5
203.1
196.7

40 30
60
90

170.0
170.0
170.0

136.6
137.0
131.8

260.0
260.0
260.0

207.7
211.5
197.2

250.0
250.0
250.0

197.1
194.6
187.1

60 30
60
90

170.0
170.0
170.0

121.6
122.9
120.7

260.0
260.0
260.0

182.5
186.9
180.7

250.0
250.0
250.0

183.0
175.6
174.7

1.0 20 30
60
90

170.0
170.0
170.0

145.0
125.6
125.8

260.0
260.0
260.0

228.5
193.2
194.7

250.0
250.0
250.0

210.3
180.6
177.6

40 30
60
90

170.0
170.0
170.0

95.2
72.8
55.8

260.0
260.0
260.0

150.1
103.3
77.5

250.0
250.0
250.0

146.7
102.5
80.0

60 30
60
90

170.0
170.0
170.0

79.5
59.5
45.8

260.0
260.0
260.0

129.6
85.0
60.0

250.0
250.0
250.0

122.5
80.0
56.0

1.5 20 30
60
90

170.0
170.0
170.0

98.6
86.5
68.0

260.0
260.0
260.0

156.9
137.6
105.5

250.0
250.0
250.0

146.7
125.0
94.5

40 30
60
90

170.0
170.0
170.0

102.0
52.5
45.6

260.0
260.0
260.0

156.7
85.0
64.0

250.0
250.0
250.0

147.5
80.0
55.5

60 30
60
90

170.0
170.0
170.0

79.2
59.5
35.5

260.0
260.0
260.0

123.3
76.0
50.0

250.0
250.0
250.0

122.5
74.0
58.0
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Table B-1.3.5  The SS concentration of influent and effluent at pH 8 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

SS (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

8 0.5 20 30
60
90

116.7
116.7
116.7

103.6
90.6
90.4

270.0
270.0
270.0

232.0
207.0
208.0

200.0
200.0
200.0

173.8
158.5
153.6

40 30
60
90

116.7
116.7
116.7

95.6
86.3
85.2

270.0
270.0
270.0

225.5
192.7
191.8

200.0
200.0
200.0

165.6
139.6
139.8

60 30
60
90

116.7
116.7
116.7

94.7
83.5
74.5

270.0
270.0
270.0

214.7
188.0
164.0

200.0
200.0
200.0

159.6
136.5
122.7

1.0 20 30
60
90

116.7
116.7
116.7

96.4
95.3
85.8

270.0
270.0
270.0

219.5
213.7
195.3

200.0
200.0
200.0

160.7
154.2
149.2

40 30
60
90

116.7
116.7
116.7

86.7
58.1
40.6

270.0
270.0
270.0

205.2
140.1
82.5

200.0
200.0
200.0

155.0
107.5
68.0

60 30
60
90

116.7
116.7
116.7

61.2
40.5
27.7

270.0
270.0
270.0

136.7
85.4
65.0

200.0
200.0
200.0

106.7
67.5
56.0

1.5 20 30
60
90

116.7
116.7
116.7

75.8
67.7
61.4

270.0
270.0
270.0

172.1
143.7
131.5

200.0
200.0
200.0

132.5
110.0
96.7

40 30
60
90

116.7
116.7
116.7

63.9
47.1
40.4

270.0
270.0
270.0

153.3
100.0
97.0

200.0
200.0
200.0

114.7
80.0
68.0

60 30
60
90

116.7
116.7
116.7

77.5
52.3
43.3

270.0
270.0
270.0

175.5
99.0
91.6

200.0
200.0
200.0

133.3
90.0
76.7
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Table B-1.4.1  The TDS concentration of influent and effluent at pH 4 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

TDS (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

4 0.5 20 30
60
90

6197
6197
6197

5266
5200
4896

7356
7356
7356

6270
6288
6013

7516
7516
7516

6381
6033
6120

40 30
60
90

6197
6197
6197

5205
5143
5136

7356
7356
7356

6247
6063
5989

7516
7516
7516

6465
6427
6275

60 30
60
90

6197
6197
6197

5260
5085
4890

7356
7356
7356

6054
6097
5951

7516
7516
7516

6309
6108
6076

1.0 20 30
60
90

6197
6197
6197

5190
4899
4835

7356
7356
7356

6066
6069
5901

7516
7516
7516

6398
6208
6129

40 30
60
90

6197
6197
6197

5265
5200
5085

7356
7356
7356

6088
6119
6147

7516
7516
7516

644
6313
6217

60 30
60
90

6197
6197
6197

5371
5151
5142

7356
7356
7356

6247
6255
6172

7516
7516
7516

6575
6332
6166

1.5 20 30
60
90

6197
6197
6197

5144
5200
5080

7356
7356
7356

5980
6109
5970

7516
7516
7516

6148
6024
5955

40 30
60
90

6197
6197
6197

5255
5186
5142

7356
7356
7356

6227
6163
6077

7516
7516
7516

6536
6227
6141

60 30
60
90

6197
6197
6197

5398
5328
5200

7356
7356
7356

6529
6239
6051

7516
7516
7516

6631
6253
6158
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Table B-1.4.2  The TDS concentration of influent and effluent at pH 5 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

TDS (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

5 0.5 20 30
60
90

7123
7123
7123

6125
6054
5997

7585
7585
7585

6284
6344
6179

8231
8231
8231

6981
7012
6984

40 30
60
90

7123
7123
7123

5484
5698
5556

7585
7585
7585

6060
5970
5848

8231
8231
8231

6254
6232
5959

60 30
60
90

7123
7123
7123

5550
5695
5905

7585
7585
7585

5990
5846
6177

8231
8231
8231

6235
6170
6543

1.0 20 30
60
90

7123
7123
7123

5410
5474
5480

7585
7585
7585

5796
5675
5745

8231
8231
8231

6142
5958
5962

40 30
60
90

7123
7123
7123

5550
5695
5685

7585
7585
7585

6008
5931
5956

8231
8231
8231

6333
6247
6256

60 30
60
90

7123
7123
7123

5271
5410
5340

7585
7585
7585

5547
5544
5725

8231
8231
8231

5994
6138
6222

1.5 20 30
60
90

7123
7123
7123

5840
5757
5694

7585
7585
7585

6200
6193
5889

8231
8231
8231

6412
6346
6261

40 30
60
90

7123
7123
7123

5335
5550
5485

7585
7585
7585

5854
6014
5958

8231
8231
8231

6245
6444
6428

60 30
60
90

7123
7123
7123

6268
6126
6185

7585
7585
7585

6844
6610
6598

8231
8231
8231

7281
7171
7041
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Table B-1.4.3  The TDS concentration of influent and effluent at pH 6 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

TDS (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

6 0.5 20 30
60
90

6592
6592
6592

5392
5405
5379

7912
7912
7912

6184
6187
6187

8693
8693
8693

7109
7057
7032

40 30
60
90

6592
6592
6592

4832
4977
5023

7912
7912
7912

5860
6002
5988

8693
8693
8693

6103
6258
6304

60 30
60
90

6592
6592
6592

4654
4984
4944

7912
7912
7912

5798
5895
6048

8693
8693
8693

6037
6347
6582

1.0 20 30
60
90

6592
6592
6592

5001
5075
4941

7912
7912
7912

5953
5996
5812

8693
8693
8693

6511
6363
6247

40 30
60
90

6592
6592
6592

4872
4870
4940

7912
7912
7912

5975
5831
6091

8693
8693
8693

6398
6476
6526

60 30
60
90

6592
6592
6592

4947
4951
4810

7912
7912
7912

6035
6161
6049

8693
8693
8693

6457
6478
6439

1.5 20 30
60
90

6592
6592
6592

4815
4947
4959

7912
7912
7912

5981
6049
6026

8693
8693
8693

6370
6488
6466

40 30
60
90

6592
6592
6592

4878
4993
5005

7912
7912
7912

6108
6207
6330

8693
8693
8693

6675
6752
6768

60 30
60
90

6592
6592
6592

5602
5470
5471

7912
7912
7912

6892
6754
6754

8693
8693
8693

7508
7367
7321
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Table B-1.4.4  The TDS concentration of influent and effluent at pH 7 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

TDS (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

7 0.5 20 30
60
90

5647
5647
5647

5398
5306
5298

6388
6388
6388

6410
6033
5984

7785
7785
7785

7286
7189
7158

40 30
60
90

5647
5647
5647

3951
4006
4065

6388
6388
6388

4571
4487
4663

7785
7785
7785

5435
5618
5729

60 30
60
90

5647
5647
5647

3823
4387
4348

6388
6388
6388

4461
4844
5072

7785
7785
7785

5457
5924
6053

1.0 20 30
60
90

5647
5647
5647

5139
5082
4902

6388
6388
6388

5642
5658
5340

7785
7785
7785

6997
6792
6584

40 30
60
90

5647
5647
5647

4550
4545
4530

6388
6388
6388

5156
5198
5197

7785
7785
7785

5928
6058
6047

60 30
60
90

5647
5647
5647

4630
4550
4587

6388
6388
6388

5222
5154
5169

7785
7785
7785

6118
5917
6028

1.5 20 30
60
90

5647
5647
5647

4348
4293
4376

6388
6388
6388

5030
5103
5078

7785
7785
7785

6058
5935
6028

40 30
60
90

5647
5647
5647

4513
4292
4230

6388
6388
6388

4948
4860
4810

7785
7785
7785

6117
6031
6040

60 30
60
90

5647
5647
5647

4799
4744
4739

6388
6388
6388

5589
5487
5425

7785
7785
7785

6660
6562
6633
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Table B-1.4.5  The TDS concentration of influent and effluent at pH 8 with varying
electrical current (0.5-1.5 amp.), reaction time (20-60 min.) and
settling time (30-90 min.)

TDS (mg/l)
1 2 3

pH Amp. Reaction
Time
(min)

Settling
Time
(min) Inf. Eff. Inf. Eff. Inf. Eff.

8 0.5 20 30
60
90

6388
6388
6388

5908
5600
5430

6106
6106
6106

5727
5268
5226

6719
6719
6719

6160
5798
5744

40 30
60
90

6388
6388
6388

4982
4906
5084

6106
6106
6106

5006
4960
4997

6719
6719
6719

5158
5116
5508

60 30
60
90

6388
6388
6388

5430
5538
5530

6106
6106
6106

5037
5139
5211

6719
6719
6719

5523
5570
5731

1.0 20 30
60
90

6388
6388
6388

5150
5851
5846

6106
6106
6106

5474
5528
5624

6719
6719
6719

5909
5996
6060

40 30
60
90

6388
6388
6388

5525
5442
5641

6106
6106
6106

5335
5394
5370

6719
6719
6719

5845
5902
5859

60 30
60
90

6388
6388
6388

5564
5724
5672

6106
6106
6106

5292
5425
5267

6719
6719
6719

5822
5884
5976

1.5 20 30
60
90

6388
6388
6388

5427
5443
5532

6106
6106
6106

5237
5360
5387

6719
6719
6719

5867
5907
5897

40 30
60
90

6388
6388
6388

5621
5659
5460

6106
6106
6106

5589
5370
5305

6719
6719
6719

5838
5992
5853

60 30
60
90

6388
6388
6388

5424
5494
5366

6106
6106
6106

5306
5327
5136

6719
6719
6719

5832
6018
5830
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Table B-2.1.1  The Color removal efficiency at pH 4 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

Color Removal (%)pH Amp. Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

20 30
60
90

0.90
0.76
1.10

0.73
0.50
0.89

1.00
0.83
1.13

0.88
0.70
1.04

0.14
0.17
0.13

40 30
60
90

0.62
1.10
1.86

0.61
1.51
1.96

0.50
1.66
1.90

0.58
1.42
1.91

0.07
0.29
0.05

0.5

60 30
60
90

35.01
48.31
41.16

38.90
40.08
40.19

33.83
45.97
42.18

35.91
44.79
41.18

2.65
4.24
1.00

20 30
60
90

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

40 30
60
90

60.03
52.03
56.10

58.36
55.34
63.16

65.46
56.93
56.16

61.28
54.77
58.47

3.71
2.50
4.06

1.0

60 30
60
90

76.91
73.40
72.02

80.21
77.92
76.13

78.86
75.06
74.47

78.66
75.46
74.21

1.66
2.29
2.07

20 30
60
90

31.51
46.45
46.59

36.67
49.19
50.31

36.02
47.75
47.99

34.73
47.80
48.30

2.81
1.37
1.88

40 30
60
90

80.16
83.60
84.36

85.47
86.53
86.86

85.96
86.26
87.20

83.86
85.46
86.14

3.22
1.62
1.55

4

1.5

60 30
60
90

85.53
86.36
87.46

90.33
91.06
93.12

91.24
91.29
91.29

89.03
89.57
90.62

3.07
2.78
2.89
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Table B-2.1.2  The Color removal efficiency at pH 5 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. Color removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

40 30
60
90

11.23
10.52
10.38

10.09
12.58
12.76

14.15
10.88
9.01

11.82
11.33
10.72

2.09
1.10
1.90

60 30
60
90

58.48
61.67
60.18

60.89
61.60
63.68

58.39
59.36
59.53

59.25
60.88
61.13

1.42
1.31
2.23

1.0 20 30
60
90

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

40 30
60
90

67.98
67.03
65.00

70.33
70.03
65.58

67.13
65.85
68.42

68.48
67.64
66.33

1.66
2.16
1.83

60 30
60
90

78.02
79.78
77.95

81.66
80.47
79.05

79.82
79.65
78.54

79.83
79.97
78.51

1.82
0.44
0.55

1.5 20 30
60
90

66.01
69.47
71.98

70.33
72.05
70.80

65.08
67.78
69.06

67.14
69.77
70.61

2.80
2.15
1.47

40 30
60
90

89.62
91.32
88.53

88.72
89.79
90.33

85.61
86.84
87.49

87.98
89.32
88.78

2.10
2.28
1.44

5

60 30
60
90

90.03
93.96
94.00

92.11
92.82
93.00

89.30
89.94
90.41

90.48
92.24
92.47

1.46
2.07
1.85
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Table B-2.1.3  The Color removal efficiency at pH 6 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. Color removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

40 30
60
90

32.21
33.24
36.00

36.93
38.93
39.27

30.54
32.12
38.21

33.23
34.76
37.83

3.31
3.65
1.67

60 30
60
90

51.93
54.21
56.21

53.08
56.22
58.85

49.45
52.14
54.18

51.49
54.19
56.41

1.86
2.04
2.34

1.0 20 30
60
90

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

40 30
60
90

64.41
66.48
67.10

67.81
66.95
68.04

66.88
69.51
66.88

66.37
67.65
67.34

1.76
1.63
0.62

60 30
60
90

74.90
75.17
76.21

77.63
77.91
77.45

77.59
78.29
78.12

76.71
77.12
77.26

1.56
1.70
0.97

1.5 20 30
60
90

64.00
67.10
67.31

66.78
68.21
67.87

67.35
68.75
68.70

66.04
68.02
67.96

1.79
0.84
0.70

40 30
60
90

84.00
86.48
86.55

84.93
85.62
86.24

86.54
86.66
86.07

85.16
86.25
86.29

1.29
0.56
0.24

6

60 30
60
90

87.24
87.59
88.28

88.36
88.53
89.10

88.59
89.12
89.23

88.06
88.41
88.87

0.72
0.77
0.52
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Table B-2.1.4  The Color removal efficiency at pH 7 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. Color removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

40 30
60
90

10.94
13.04
14.36

8.69
10.13
11.36

12.50
14.31
15.05

10.71
12.49
13.59

1.92
2.14
1.96

60 30
60
90

36.76
50.79
52.95

34.30
51.61
50.06

33.09
56.11
55.66

34.72
52.84
52.89

1.87
2.86
2.80

1.0 20 30
60
90

5.34
8.10
9.09

7.85
10.02
11.53

6.45
8.60
12.50

6.55
8.91
11.04

1.26
1.00
1.76

40 30
60
90

64.22
67.92
70.75

67.87
67.71
69.60

69.00
68.27
70.08

67.03
67.97
70.14

2.50
0.28
0.58

60 30
60
90

73.19
79.51
79.31

77.62
77.39
76.95

77.88
77.71
77.60

76.23
78.20
77.95

2.64
1.14
1.22

1.5 20 30
60
90

64.43
66.80
66.73

65.87
67.26
68.04

69.06
69.23
70.93

66.45
67.76
68.57

2.37
1.29
2.15

40 30
60
90

81.23
82.74
84.52

82.85
83.63
83.96

82.98
81.84
81.45

82.35
82.74
83.31

0.98
0.90
1.63

7

60 30
60
90

84.98
83.93
85.97

86.41
86.47
87.42

86.71
87.22
87.67

86.03
85.87
87.02

0.92
1.72
0.92
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Table B-2.1.5  The Color removal efficiency at pH 8 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. Color removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

40 30
60
90

31.22
35.01
40.72

32.60
33.82
47.50

28.67
31.92
44.32

30.83
33.58
44.18

1.99
1.56
3.39

60 30
60
90

54.40
57.29
58.73

56.00
59.49
60.59

53.34
53.97
55.45

54.58
56.92
58.26

1.34
2.78
2.60

1.0 20 30
60
90

18.43
25.58
27.10

22.82
27.76
28.64

20.67
28.27
30.73

20.64
27.20
28.82

2.20
1.43
1.82

40 30
60
90

65.06
67.61
68.78

67.05
69.85
71.42

69.27
68.99
69.79

67.13
68.82
70.00

2.11
1.13
1.33

60 30
60
90

77.51
78.54
79.50

76.54
73.40
75.61

78.07
78.64
78.07

77.37
76.86
77.73

0.77
3.00
1.97

1.5 20 30
60
90

68.50
65.13
67.40

65.60
67.00
67.11

64.93
64.31
65.79

66.34
65.48
66.77

1.90
1.38
0.86

40 30
60
90

83.91
86.04
86.52

80.38
81.02
81.66

81.78
81.84
81.90

82.02
82.97
83.36

1.78
2.69
2.74

8

60 30
60
90

84.39
86.52
85.83

86.55
87.19
87.43

84.92
84.35
85.32

85.29
86.02
86.19

1.13
1.48
1.10
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Table B-2.2.1  The COD removal efficiency at pH 4 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. COD removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

9.00
6.00
7.00

10.00
8.10
6.80

11.51
8.03
7.51

10.17
7.38
7.10

1.26
1.19
0.37

40 30
60
90

6.52
9.40
10.60

5.00
10.00
10.00

7.35
12.01
13.33

6.29
10.47
11.31

1.19
1.37
1.77

60 30
60
90

18.21
15.68
15.68

16.56
17.50
17.50

18.05
16.08
18.27

17.61
16.42
17.15

0.91
0.96
1.33

1.0 20 30
60
90

8.00
12.08
10.04

10.00
15.00
10.00

8.00
14.00
8.00

8.67
13.69
9.35

1.15
1.48
1.17

40 30
60
90

24.01
21.61
28.13

27.50
24.94
30.00

28.89
23.60
30.67

26.80
23.38
29.60

2.51
1.68
1.32

60 30
60
90

34.02
34.15
35.65

33.75
35.00
37.50

34.22
36.00
33.33

34.00
35.05
35.49

0.24
0.93
2.09

1.5 20 30
60
90

15.68
25.01
25.17

15.00
27.50
24.94

17.11
26.22
27.11

15.93
26.24
25.74

1.08
1.25
1.19

40 30
60
90

38.02
36.41
35.65

40.00
40.00
41.25

37.78
39.55
40.45

38.60
38.65
39.12

1.22
1.96
3.03

4

60 30
60
90

40.42
42.02
44.14

44.99
44.99
47.49

40.00
40.00
41.91

41.80
42.34
44.51

2.77
2.51
2.81
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Table B-2.2.2  The COD removal efficiency at pH 5 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. COD removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

7.50
10.57
12.02

6.83
11.37
11.54

7.97
12.09
11.84

7.43
11.34
11.80

0.57
0.76
0.24

40 30
60
90

10.00
12.06
14.01

11.37
14.47
15.92

13.92
13.92
13.39

11.76
13.48
14.44

1.99
1.26
1.32

60 30
60
90

21.95
22.00
24.51

22.50
22.96
26.47

20.82
24.89
25.11

21.76
23.28
25.36

0.86
1.47
1.00

1.0 20 30
60
90

9.81
12.06
10.71

9.10
15.92
11.37

7.59
11.27
11.39

8.83
13.08
11.16

1.13
2.49
0.39

40 30
60
90

29.90
28.61
27.01

28.24
32.96
31.83

26.58
27.42
25.74

28.24
29.66
28.19

1.66
2.92
3.21

60 30
60
90

38.01
37.40
34.81

35.92
37.78
36.92

32.49
34.18
34.18

35.47
36.45
35.30

2.79
1.98
1.44

1.5 20 30
60
90

32.11
32.54
32.01

30.69
32.96
32.96

28.27
29.05
33.42

30.36
31.52
32.80

1.94
2.15
0.72

40 30
60
90

37.80
37.01
39.01

38.19
39.32
42.61

35.87
37.55
38.40

37.29
37.96
40.01

1.24
1.21
2.28

5

60 30
60
90

44.89
46.80
46.80

45.14
47.14
46.60

42.61
41.77
44.30

44.21
45.24
45.90

1.39
3.01
1.39
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Table B-2.2.3  The COD removal efficiency at pH 6 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. COD removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

10.00
8.57
9.52

13.58
9.88
11.11

11.05
8.64
9.72

11.54
9.03
10.12

1.84
0.74
0.87

40 30
60
90

22.29
24.30
26.57

24.69
29.22
29.22

21.05
25.20
29.54

22.68
26.24
28.44

1.85
2.62
1.63

60 30
60
90

28.00
29.03
29.99

30.04
32.51
33.34

27.20
28.74
31.04

28.41
30.09
31.46

1.46
2.10
1.71

1.0 20 30
60
90

15.41
15.81
16.00

12.35
14.81
14.81

13.05
14.08
16.10

13.60
14.90
15.64

1.60
0.87
0.72

40 30
60
90

34.11
30.09
32.65

33.34
33.34
34.13

33.33
32.57
34.10

33.59
32.00
33.63

0.45
1.70
0.85

60 30
60
90

30.01
37.04
38.14

33.34
34.98
36.63

35.47
39.47
37.93

32.94
37.16
37.57

2.75
2.25
0.82

1.5 20 30
60
90

31.44
30.53
30.01

32.50
30.86
30.86

34.10
32.57
34.10

32.68
31.32
31.66

1.34
1.10
2.16

40 30
60
90

32.87
41.00
42.17

38.27
39.09
40.34

36.53
40.83
40.06

35.89
40.31
40.86

2.76
1.06
1.15

6

60 30
60
90

39.79
41.98
42.61

44.03
45.67
46.74

43.17
44.83
45.55

42.33
44.16
44.97

2.24
1.93
2.13
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Table B-2.2.4  The COD removal efficiency at pH 7 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. COD removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

3.33
8.67
10.33

4.82
9.64
9.64

6.91
12.50
11.14

5.02
10.27
10.37

1.80
1.99
0.75

40 30
60
90

16.67
13.33
14.46

14.45
13.80
14.45

15.79
15.79
13.16

15.64
14.31
14.02

1.12
1.31
0.75

60 30
60
90

15.00
20.00
21.67

15.66
18.07
20.47

16.30
21.93
22.81

15.65
20.00
21.65

0.65
1.93
1.17

1.0 20 30
60
90

16.33
15.00
16.33

16.86
16.86
15.66

18.62
17.63
18.26

17.27
16.50
16.75

1.20
1.35
1.35

40 30
60
90

26.00
28.67
30.42

28.13
30.33
33.33

28.95
29.82
30.07

27.69
29.61
31.27

1.52
0.85
1.79

60 30
60
90

32.42
32.50
32.21

36.54
36.54
37.35

34.82
32.45
34.70

34.59
33.83
34.75

2.07
2.35
2.57

1.5 20 30
60
90

25.08
25.00
28.42

22.12
30.12
31.13

21.93
25.81
27.19

23.04
26.98
28.91

1.77
2.75
2.02

40 30
60
90

30.21
32.79
34.33

35.96
36.76
38.96

34.21
31.58
35.45

33.46
33.71
36.25

2.95
2.71
2.42

7

60 30
60
90

41.46
40.08
42.21

43.77
44.58
44.58

39.72
43.34
43.84

41.65
42.67
43.54

2.03
2.32
1.21
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Table B-2.2.5  The COD removal efficiency at pH 8 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. COD removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

12.42
14.72
15.11

11.26
12.68
12.68

12.48
14.22
14.10

12.05
13.87
13.96

0.69
1.06
1.22

40 30
60
90

17.64
19.40
19.25

16.25
21.13
22.06

15.00
18.00
18.33

16.30
19.51
19.88

1.32
1.57
1.94

60 30
60
90

20.71
21.40
22.35

22.06
23.01
22.06

20.89
23.55
22.67

21.22
22.65
22.36

0.73
1.12
0.31

1.0 20 30
60
90

14.84
14.42
21.82

14.08
15.51
18.31

15.40
16.85
20.22

14.77
15.59
20.12

0.66
1.22
1.76

40 30
60
90

29.45
29.72
31.63

28.64
26.76
27.85

28.00
28.89
28.89

28.70
28.46
29.46

0.73
1.53
1.95

60 30
60
90

33.82
35.31
33.82

31.58
33.64
34.64

32.45
34.22
32.45

32.62
34.39
33.64

1.13
0.85
1.11

1.5 20 30
60
90

26.53
30.52
26.92

24.89
25.83
25.89

25.89
28.89
27.11

25.77
28.41
26.64

0.83
2.38
0.66

40 30
60
90

31.63
32.21
35.01

32.39
30.52
32.39

32.45
33.33
34.22

32.16
32.02
33.87

0.46
1.41
1.34

8

60 30
60
90

35.24
35.89
38.54

37.09
35.21
36.15

35.67
38.67
37.78

36.00
36.59
37.49

0.97
1.83
1.22
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Table B-2.3.1  The SS removal efficiency at pH 4 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. SS removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

10.91
11.82
17.10

12.41
13.34
17.04

13.50
14.80
16.50

12.27
13.32
16.88

1.30
1.49
0.33

40 30
60
90

45.00
60.18
62.00

48.96
65.74
63.89

43.33
63.00
62.67

45.76
62.97
62.85

2.89
2.78
0.96

60 30
60
90

16.09
32.82
35.00

18.52
35.81
36.52

19.67
34.10
37.50

18.09
34.24
36.34

1.83
1.50
1.26

1.0 20 30
60
90

54.45
60.09
65.73

59.26
62.97
68.89

55.83
63.33
63.33

56.51
62.13
65.98

2.48
1.78
2.79

40 30
60
90

25.09
45.73
50.36

28.89
50.22
55.89

26.33
49.33
54.43

26.77
48.43
53.56

1.94
2.38
2.87

60 30
60
90

40.18
66.36
70.09

44.81
70.04
76.96

44.43
72.50
75.83

43.14
69.63
74.29

2.57
3.09
3.68

1.5 20 30
60
90

24.55
50.00
58.73

26.89
52.37
62.19

25.00
48.00
58.67

25.48
50.12
59.86

1.24
2.19
2.02

40 30
60
90

49.73
69.09
71.64

50.93
72.59
75.74

52.33
71.67
75.83

51.00
71.12
74.40

1.30
1.81
2.39

4

60 30
60
90

57.55
74.64
79.82

62.96
77.78
81.48

61.36
77.27
81.82

60.62
76.56
81.04

2.78
1.69
1.07
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Table B-2.3.2  The SS removal efficiency at pH 5 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. SS removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

9.79
10.00
12.50

11.15
13.08
13.85

10.50
12.09
13.06

10.48
11.72
13.14

0.68
1.57
0.68

40 30
60
90

2.50
5.43
8.07

2.88
5.85
7.69

3.57
6.66
9.04

2.98
5.98
8.27

0.54
0.63
0.70

60 30
60
90

7.00
40.00
50.57

7.27
40.38
53.85

8.20
41.20
52.58

7.49
40.53
52.33

0.63
0.61
1.65

1.0 20 30
60
90

20.00
21.86
35.71

21.65
24.35
39.73

20.11
22.36
36.98

20.59
22.86
37.47

0.92
1.32
2.05

40 30
60
90

28.93
49.29
58.93

27.69
48.08
60.85

30.97
51.39
59.20

29.20
49.59
59.66

1.66
1.67
1.04

60 30
60
90

43.57
65.29
70.00

40.77
66.92
73.85

42.70
68.24
74.42

42.35
66.82
72.76

1.43
1.48
2.40

1.5 20 30
60
90

25.00
54.29
60.00

27.69
57.69
63.46

26.38
55.36
62.06

26.36
55.78
61.84

1.35
1.74
1.74

40 30
60
90

49.29
70.00
72.15

50.08
69.23
76.92

48.52
73.53
74.42

49.30
70.92
74.50

0.78
2.29
2.39

5

60 30
60
90

63.00
68.93
79.86

66.92
71.69
82.31

63.61
70.22
82.36

64.51
70.28
81.51

2.11
1.38
1.43
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Table B-2.3.3  The SS removal efficiency at pH 6 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. SS removal (%) Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

16.82
15.45
16.82

16.54
16.92
20.00

15.16
18.04
19.12

16.17
16.80
18.65

0.89
1.30
1.64

40 30
60
90

10.00
24.91
29.10

12.69
28.85
30.62

14.00
26.00
26.00

12.23
26.59
28.57

2.04
2.03
2.35

60 30
60
90

27.27
47.91
62.09

23.08
52.58
66.65

24.12
50.40
63.00

24.82
50.30
63.91

2.18
2.34
2.41

1.0 20 30
60
90

17.27
26.82
22.45

19.50
25.12
21.88

18.52
22.80
20.12

18.43
24.91
21.48

1.12
2.02
1.21

40 30
60
90

40.36
64.55
65.64

45.88
64.12
67.96

44.00
59.00
70.00

43.41
62.56
67.87

2.81
3.09
2.18

60 30
60
90

50.45
72.64
75.82

47.69
78.46
75.38

52.00
74.60
79.20

50.05
75.23
76.80

2.18
2.96
2.09

1.5 20 30
60
90

31.09
58.91
68.91

33.08
57.69
66.65

34.40
59.00
70.40

32.86
58.53
68.65

1.67
0.73
1.89

40 30
60
90

50.55
70.45
74.09

53.85
72.31
76.92

54.68
72.00
79.20

53.03
71.59
76.74

2.18
1.00
2.56

6

60 30
60
90

61.82
73.91
81.64

60.77
73.08
81.54

61.32
76.00
80.00

61.30
74.33
81.06

0.53
1.50
0.92
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Table B-2.3.4  The SS removal efficiency at pH 7 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. SS removal (%) Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

14.83
20.88
22.24

15.35
20.12
22.31

16.20
18.76
21.32

15.46
19.92
21.96

0.69
1.07
0.55

40 30
60
90

19.65
19.41
22.47

20.12
18.65
24.15

21.16
22.16
25.16

20.31
20.07
23.93

0.77
1.85
1.36

60 30
60
90

28.47
27.71
29.00

29.81
28.12
30.50

26.80
29.76
30.12

28.36
28.53
29.87

1.51
1.08
0.78

1.0 20 30
60
90

14.41
26.12
26.00

12.12
25.69
25.12

15.88
27.76
28.96

14.14
26.52
26.69

1.89
1.09
2.01

40 30
60
90

44.00
57.18
67.18

42.27
60.27
70.19

41.32
59.00
68.00

42.53
58.82
68.46

1.36
1.55
1.56

60 30
60
90

53.24
65.00
73.06

50.15
67.31
76.92

51.00
68.00
77.60

51.46
66.77
75.86

1.60
1.57
2.45

1.5 20 30
60
90

42.00
49.12
60.00

39.65
47.08
59.42

41.32
50.00
62.20

40.99
48.73
60.54

1.21
1.50
1.47

40 30
60
90

40.00
69.12
73.18

39.73
67.31
75.38

41.00
68.00
77.80

40.24
68.14
75.45

0.67
0.91
2.31

7

60 30
60
90

53.41
65.00
79.12

52.58
70.77
80.77

51.00
70.40
76.80

52.33
68.72
78.90

1.22
3.23
1.99
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Table B-2.3.5  The SS removal efficiency at pH 8 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. SS removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

11.23
22.37
22.54

14.04
23.33
22.96

13.10
20.75
23.20

12.79
22.15
22.90

1.43
1.30
0.33

40 30
60
90

18.08
26.05
27.00

16.48
28.63
28.96

17.20
30.20
30.10

17.25
28.29
28.69

0.80
2.10
1.57

60 30
60
90

18.85
28.45
36.16

20.48
30.37
39.26

20.20
31.75
38.65

19.84
30.19
38.02

0.87
1.66
1.64

1.0 20 30
60
90

17.40
18.34
26.48

18.70
20.85
27.67

19.65
22.90
25.40

18.58
20.70
26.52

1.13
2.28
1.14

40 30
60
90

25.71
50.21
65.21

24.00
48.11
69.44

22.50
46.25
66.00

24.07
48.19
66.88

1.61
1.98
2.25

60 30
60
90

47.56
65.30
76.26

49.37
68.37
75.93

46.65
66.25
72.00

47.86
66.64
74.73

1.38
1.57
2.37

1.5 20 30
60
90

35.05
41.99
47.39

36.26
46.78
51.30

33.75
45.00
51.65

35.02
44.59
50.11

1.26
2.42
2.36

40 30
60
90

45.24
59.64
65.38

43.22
62.96
64.07

42.65
60.00
66.00

43.70
60.87
65.15

1.36
1.82
0.99

8

60 30
60
90

33.59
55.18
62.90

35.00
63.33
66.07

33.35
55.00
61.65

33.98
57.84
63.54

0.89
4.76
2.28



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 123

Table B-2.4.1  The TDS removal efficiency at pH 4 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. TDS removal (%) Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

15.02
16.09
21.00

14.76
14.52
18.26

15.10
14.81
18.57

14.96
15.14
19.28

0.18
0.84
1.50

40 30
60
90

16.01
17.01
17.12

15.08
17.58
18.58

13.98
14.49
16.51

15.02
16.36
17.40

1.02
1.64
1.06

60 30
60
90

15.12
17.94
21.09

17.70
17.12
19.10

16.06
18.73
19.16

16.29
17.93
19.78

1.31
0.81
1.13

1.0 20 30
60
90

16.25
20.95
21.98

17.54
17.50
19.78

14.88
17.40
18.45

16.22
18.62
20.07

1.33
2.02
1.78

40 30
60
90

15.04
16.09
17.94

17.24
16.82
16.44

14.40
16.01
17.28

15.56
16.31
17.22

1.49
0.45
0.75

60 30
60
90

13.33
16.88
17.02

15.08
16.33
16.10

12.52
15.75
17.96

13.64
16.32
17.03

1.31
0.57
0.93

1.5 20 30
60
90

16.99
16.09
18.03

18.71
16.95
18.84

18.20
19.85
20.77

17.97
17.63
19.21

0.88
1.97
1.41

40 30
60
90

15.20
16.31
17.02

15.35
16.22
17.39

13.04
17.15
18.29

14.53
16.56
17.57

1.29
0.51
0.65

4

60 30
60
90

12.89
14.02
16.09

11.24
15.19
17.74

12.01
16.80
18.07

12.05
15.34
17.30

0.83
1.43
1.06
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Table B-2.4.2  The TDS removal efficiency at pH 5 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. TDS removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

14.01
15.01
15.81

17.15
16.36
18.54

15.19
14.88
15.15

15.45
15.42
16.50

1.59
0.82
1.80

40 30
60
90

23.01
20.01
22.00

20.11
21.29
22.90

24.02
24.29
27.60

22.38
21.86
24.17

2.03
2.20
3.01

60 30
60
90

22.08
20.05
17.10

21.03
22.92
18.56

24.25
25.04
20.51

22.45
22.67
18.72

1.64
2.50
1.71

1.0 20 30
60
90

24.05
23.15
23.07

23.59
25.18
24.26

25.38
27.62
27.57

24.34
25.32
24.97

0.93
2.24
2.33

40 30
60
90

22.08
20.05
20.19

20.79
21.81
21.48

23.06
24.10
24.00

21.98
21.99
21.89

1.14
2.03
1.94

60 30
60
90

26.00
24.05
25.03

26.87
26.90
24.52

27.18
25.43
24.41

26.68
25.46
24.65

0.61
1.43
0.33

1.5 20 30
60
90

18.01
19.18
20.06

18.26
18.35
22.36

22.10
22.90
23.93

19.46
20.14
22.12

2.29
2.42
1.95

40 30
60
90

25.10
22.08
23.00

22.82
20.71
21.45

24.13
21.71
21.91

24.02
21.50
22.12

1.14
0.71
0.80

5

60 30
60
90

12.00
14.00
13.17

9.77
12.85
13.01

11.54
12.88
14.46

11.10
13.24
13.55

1.18
0.66
0.80
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Table B-2.4.3  The TDS removal efficiency at pH 6 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. TDS removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

18.36
18.01
18.40

21.84
21.80
21.80

18.22
18.82
19.11

19.47
19.54
19.77

2.05
2.00
1.79

40 30
60
90

26.70
24.50
23.80

25.94
24.12
24.32

29.79
28.01
27.48

27.48
25.54
25.20

2.04
2.14
1.99

60 30
60
90

28.40
24.39
25.00

26.72
25.49
23.56

30.55
26.99
24.28

28.56
25.62
24.28

1.92
1.31
0.72

1.0 20 30
60
90

24.14
23.01
25.05

24.76
24.22
26.54

25.10
26.80
28.14

24.67
24.68
26.58

0.49
1.94
1.55

40 30
60
90

26.09
26.12
25.06

24.48
26.30
23.02

26.40
25.50
24.93

25.66
25.97
24.34

1.03
0.42
1.14

60 30
60
90

24.95
24.89
27.03

23.72
22.13
23.55

25.72
25.48
25.93

24.80
24.17
25.50

1.01
1.79
1.78

1.5 20 30
60
90

26.96
24.95
24.77

24.41
23.55
23.84

26.72
25.37
25.62

26.03
24.62
24.74

1.41
0.95
0.89

40 30
60
90

26.00
24.26
24.07

22.80
21.55
20.00

23.21
22.33
22.14

24.00
22.71
22.07

1.74
1.40
2.04

6

60 30
60
90

15.02
17.02
17.01

12.89
14.64
14.64

13.63
15.25
15.78

13.85
15.64
15.81

1.08
1.24
1.19
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Table B-2.4.4  The TDS removal efficiency at pH 7 with varying electrical current

(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. TDS removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

4.41
6.04
6.18

4.45
5.56
6.32

6.41
7.66
 8.05

5.09
6.42
6.85

1.14
1.10
1.04

40 30
60
90

30.03
29.06
28.01

28.44
29.76
27.00

30.19
27.84
26.41

29.55
28.89
27.14

0.97
0.97
0.81

60 30
60
90

22.30
25.00
23.00

24.17
23.59
20.60

23.90
24.56
22.25

23.46
24.38
21.95

1.01
0.72
1.23

1.0 20 30
60
90

9.00
10.01
13.19

11.68
11.43
16.41

10.12
12.76
15.43

10.27
11.40
15.01

1.35
1.38
1.65

40 30
60
90

19.43
19.51
19.78

19.29
18.63
18.64

23.85
22.18
22.33

20.86
20.11
20.25

2.59
1.85
1.89

60 30
60
90

18.01
19.43
18.77

18.25
19.32
19.08

21.41
24.00
22.57

19.22
20.92
20.14

1.90
2.67
2.11

1.5 20 30
60
90

23.00
23.98
22.51

21.26
20.12
20.51

22.18
23.76
22.57

22.15
22.62
21.86

0.87
2.17
1.17

40 30
60
90

20.08
24.00
25.09

22.54
22.35
24.70

21.43
22.53
22.41

21.35
22.96
24.07

1.23
0.91
1.45

7

60 30
60
90

15.02
15.99
16.08

12.51
14.10
15.08

14.45
15.71
14.80

13.99
15.27
15.32

1.32
1.02
0.67
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Table B-2.4.5  The TDS removal efficiency at pH 8 with varying electrical current
(0.5-1.5 amp.), reaction time (20-60 min.) and settling time (30-90 min.)

pH Amp. TDS removal (%)Reaction Time
(min)

Settling Time
(min) 1 2 3 Mean SD

0.5 20 30
60
90

7.51
12.34
15.00

6.21
13.72
12.41

8.32
13.71
14.51

7.35
13.26
13.97

1.06
0.79
1.38

40 30
60
90

22.01
23.20
20.41

18.02
18.73
18.16

23.23
23.86
18.02

21.09
21.93
18.86

2.72
2.79
1.34

60 30
60
90

15.00
13.31
13.43

17.51
15.84
14.66

17.80
17.10
14.70

16.77
15.42
14.26

1.54
1.93
0.72

1.0 20 30
60
90

9.38
8.41
8.48

10.35
9.47
7.89

12.06
10.76
9.81

10.60
9.55
8.73

1.36
1.18
0.98

40 30
60
90

13.51
14.81
11.69

12.63
11.66
12.05

13.01
12.16
12.80

13.05
12.88
12.18

0.44
1.69
0.57

60 30
60
90

12.90
10.39
11.21

13.33
11.15
13.74

13.35
12.43
11.06

13.19
11.32
12.00

0.25
1.03
1.51

1.5 20 30
60
90

15.04
14.79
13.40

14.23
12.22
11.78

12.68
12.09
12.23

13.98
13.03
12.47

1.20
1.52
0.84

40 30
60
90

12.10
11.41
14.53

11.74
12.05
13.12

13.11
10.82
12.89

12.32
11.43
13.51

0.71
0.62
0.89

8

60 30
60
90

15.09
14.00
16.00

13.10
12.76
15.89

13.20
10.43
13.23

13.80
12.40
15.04

1.12
1.81
1.57
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