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ABSTRACT

Textile wastewaters are emerging contaminants in the aquatic environment because of
their adverse effects on aquatic life and human. The organic substancesthat may be resistant to
biological degradation make it hard to treat. With the existence of large mixture of dyes and
chemicals addition, it is not only considered as liquid waste but as chemical composition as well.
Textile wastewater has high COD and high color hence is difficult to treat biologically. The
research examined the effect of operating conditions (H2O2/Fe2+molar ratio, reaction time and
pH) on the Fenton process of a textile wastewater. The experiment was started by taking the
initial value of COD and color as a comparison with the final measurement of COD and color
after the Fenton process. First batch of the experiment were done by adjusting the pH to 3 by
adding HCl into the sample. The experiment continued by addition of H202 and FeSO4and at the
same time, the jar that put under the floc jar tester was started to be stir. 50 ml of samples were
taken at intervals 15,30,60,90

and 120 minutes for COD and color measurement. The

experiments are varied by using different volume of H2O2and FeSO4.The optimum H2O2/Fe2+
molar ratio was identified and used for the second batch of experiment. The second batch of
experiment was done by varying the pH to 2,4,5, and 6. The graphs show that Fenton process is
capable in reducing color in textile wastewater but not a great method in treating COD. The
H2O2/Fe2+molar ratio plays a major role in this process and variation of pH also influencing the
changed of color and COD. Reaction of time is not affecting much in this treatment as the result
started to change immediately after the first 15 minutes and not showing a gradual changing for
the next minutes. As the conclusion, the Advanced Oxidation Process of Fenton method is an
efficient way of treating color but not the COD. The usage of Fenton method can be
commercialized and can be applied in the textile wastewater treatment plant with addition of
some advance research in dealing with COD. Lastly, the objectives of the study which to
investigate the effect of reaction time, Fenton's reagent dosage and pH on the efficiency of COD
and color removal and second, to discover the effectiveness of Fenton method in treating textile
wastewater were achieved.
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CHAPTER 1: INTRODUCTION

Textile wastewater can be defined as a high-strength wastewater that is hard to

..,at

because of its organic substances that may be resistant to biological degradation. Adz': :ed
oxidation processes (AOPs) have received increased attention in the treatment of ind,,.- -ial
wastewaters containing non-biodegradable substances. Basically, AOP's are based o;- the
generation of highly reactive radical species, specifically the hydroxyl radical (OH) to reac!

ith

organic compounds.
The Fenton process has attracted high interest in view of its high capacity to gel ate
hydroxyl radicals through decomposition of H202 by Fe2+ in acidic conditions (H Lee.. 2 8).
Fenton treatment is a powerful treatment choice for wastewater.
For the period of Fenton reaction, hydrogen peroxide is catalyzed by ferrous ic;
generate hydroxyl radicals. In acidic medium, the oxidizing power of H202 can be str
enhanced using Fenton method, where a small quantity of Fe2+ is added as catalyst t
contaminated solution to generate OH and Fe3+ from Fenton's reaction. Fenton process
proceed by the following chain reactions:

Fe2+ + H202 -+ Fe 3++ 01-1-

Hydroxyl

OH'

(1)

radicals are also produced from water oxidation:

H2O -> OH" + H+ +e

(2)

1

to
ly
_,
he
..,an

Equation (1) is propagated from ferrous ion regeneration mainly by the reduction of the p';c:

:Cd

ferric species with hydrogen peroxide:

H202 + Fe3+--> Fe2++ HO2 + H+

(3)

Also the produced ferric ion from Equation (1) can be reduced to ferrous ion:

Fe 3+ +e

2+
-* Fe

(4)

In addition, ferrous ions can also be rapidly destroyed by hydroxyl radicals:

Fe2++ OW-

Fe3++ OH

(5)

The produced hydroxyl radicals would degrade organic matter in the textile wastewater:

(6)

RE +OH--H2O+R"

Therefore, more ferrous ion dosageis neededto keep the moderate hydroxyl radicals reduuc

1.1 Background Studies
Every community produces both liquid and solid wastes and air emissions. 'I he

yid

waste, wastewater, is essentially the water supply of the community after it has been use,., :1a
2

Final Year Project Dissertation Report

variety of application. From the standpoint of sources of generation, wastewater may be dc :led
as a combination of the liquid or water-carried wastes removed from residences, institution-.: mnd
commercial and industrial establishments, together with such groundwater, surface Ovate. nd
stormwater as may be present (Metcalf, 2004).
When untreated wastewater accumulates and is allowed to go septic, the decompc:
of the organic mater it contains will

lead to nuisance conditions

including

the productic,

on
of

malodorous gases. Wastewater also contains nutrients, which can stimulate the growth of aL : -:tic
plants, and may contain toxic compounds or compounds that potentially

may be mutaie

or

carcinogenic.

Wastewater treatment plants can be divided into three major types such as ply.. '!.,al
process, biological

plant and physical/chemical plant. A physical process usually

suspended,rather than dissolved pollutants. It may be a passive process, such as simply all(-

eats
ng

suspended pollutants to settle out or float to the top naturally depending on whether -thC ire
more or less densethan water.
One of the main sources of wastewater is from textile industry. Since textile

: ste

characteristic was similar to toxic waste due to content of dye such as lead, treatment of,,

-Ile

waste is obligatory. Recent, the method used to treat such wastewater is high in cos'.

ier

alternative is to use low cost and easily obtained material. Advanced Oxidation Process was .;en
he
to be a potential material in this treatment. The aim of this study is to investi,,!a
effectiveness of Fenton process in textile wastewater treatment.

1.2 Problem Statement
1) Textile wastewater contains a large mixture of dyes and chemicals additions that main he
environmental challenge for textile industry not only as liquid waste but also in its the
composition (Venceslau et al., 1994).

3

.cal
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2) The textile industry produces large volumes of bleaching effluents that contain apt,rc. ',ale
quantities of organic compounds which are not easily amenable to chemical or hi(A

:gal

treatment (Lin S.H et al., 1994).

3) Furthermore, treatment cost of textile wastewaters has been scaling rapidly in recc-,

ts.

Hence a search for more cost effective treatment methods has to be done.

1.3 Objectives
1. Discover the feasibility of textile wastewater treatment by using Advanced C!:;i:

:n

Process(AOP) on Fenton method.
2. Investigate the effect of reaction time, Fenton's reagent dosageand H2O2/Fe2+mo' cr

"io

on the efficiency of COD and color removal.

1.4 Scope of Studies
In this research, textile wastewater has been used as the specific heavy instead of using it

_tw

wastewater in determining Fenton oxidation process. Investigations were mainly about Off

of

reaction time, Fenton's reagent dosage and H2O2/Fe2+molar ratio on the efficiency of CO

nd

color removal. The use of Fenton's reagent as an oxidant for textile wastewater treatm,

is

attractive due to the facts that: (1) iron is a highly abundant and non-toxic element. a»

2)

hydrogen peroxide is an easy to handle and environmentally benevolent oxidant.

1.5 Feasibility of Studies
The feasibility of the project is reasonable. A lot of time is spent during running the expp'c_!
-_ Its
of Fenton process.

4
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CHAPTER 2: LITERATURE

REVIEW

2.1 Previous Studies
2.1.1 Semi-aerobic Landfill Leachate Treatment through electro-Fenton Oxidation
This study investigates the combination of the classical Fenton reaction

ith

electrochemical oxidation, the electro-Fenton process, for the treatment of semi aerobic l'l

'ill

leachate collected from Pulau Burung Landfill Site (PBLS), Penang, Malaysia. The inve ti,

)n

was carried out using 500 ml batch reactors with aluminum electrodes to establish the of

-,al

treatment conditions. The effects of applied current, pH, reaction time, electrodes sep'a; on
distance, H2O2/Fe2+molar ratio, and H202 and Fe2+concentrations, which are significant p7 'ss
parameters were investigated. According to the results obtained, electro-Fenton process \. ý

ry

efficient for the treatment of landfill leachate. Optimum oxidation efficiency was achiev..
2+
neither H2O2 nor Fe were overdosed, so that the maximum amount of OH' rad:ci,.

-n
as

available for the oxidation of organic compounds. The highest COD and color removals
were 92% and 93% respectively; at initial pH = 3, H2O2/Fe2+molar ratio = 1, applied cu:'2
A, treatment duration = 30 min, and electrodes separation distance =3 cm. (Mohajeri

1.,

2007).

2.1.2 Adsorption of Textile Wastewater Using Microwave Incinerated Rice Husk Ash
(MIRHA) Columns
Microwave Incinerated Rice Husk Ash (MIRHA), produced from the rice husk Psi
the low-cost materials that were used as a sorbent of many type of wastewater. It was pr(-,N
lots of researchers around the world about the potential of the rice husk ash with dif
method of preparation. The objective of this project is to determine the effectiveness of %i;

of
by
--nt
4A

by using column method in treating textile wastewater. The effects of important factors. st
the flow rate and burning temperaturesof MIRHA will be studied. The rice husk ash wa. i,

ed

in different controlled temperature to get them in two states which are amorphous state

ica

5
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state. In addition, to ensure the MIRHA is in adsorption zone, the MIRHA need to be inn

;od

in weak acid for 24hours. The bed heights of the columns are fixed so that the d: 1

ant

effectiveness of state of MIRHA can be observed. The result obtained shows that MIRI-1;

.,as

unable to act as medium of absorption for textile wastewater. Instead of using textile waste

r,

the effluent should be change by using other wastewater. Conclusion of this research

le

wastewater cannot be treated by using MIRHA column method (Amin K. 2008)

2.1.3 Fenton and photo-Fenton oxidation of textile effluents
The simultaneous use of Fenton reagent and irradiation for the treatment of textile wasa,-

'rs

generated during a hydrogen peroxide bleaching process is investigated. The expo;il

al

conditions tested during this study provide the simultaneous occurrence of Fenton, Fento

Ike

and photo-Fenton reactions. The batch experimental results are assessedin terms of total :)

ic
.

carbon reduction. Identification of some of the chemical constituents of the effluc: -,:

as

performed by means of GC-MS. Other pollution related features of the initial effluent-], -,-,--

'D

and color were also measured. The main parameters that govern the complex reactive
i. e., light intensity, temperature, pH, Fe(II) and H2O2 initial concentrations have been :1

,n,
:d.

Concentrations of Fe(II) between 0 and 400 ppm, and H202 between 0 and 10,000 l

re

used. Temperatures above 25°C and up to 70°C show a beneficial effect on orga:
reduction. A set of experiments was conducted under different light sources with t1i:

io

ensure the efficiency of using solar light irradiation. The combination of Fenton, Fenton-

A

photon-Fenton reactions has been proved to be highly effective for the treatment of sl.uc'..

tie

of wastewaters, and several advantagesfor the technique application arise from the sty:
M. et al., 2001).

6
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2.2 Impact of Textile Wastewater

Textile industry can be classified into three categories, cotton, woolen, and syntheL
rs
..
depending upon the raw materials used (Babu et al., 2000). Textile industries cons-L-11--I,,
'e
volumes of water and chemicals for wet processing of textiles. The chemical reagents is.

re

very diverse in chemical composition, ranging from inorganic compounds to polyp

ad

organic products. In general, the waste water from textile industry is characterized by

ue

of BOD, COD, pH, and color. Table 2.2.1 below shows characteristics of saml:: _
wastewater from Batik Industries at Chemor, Perak.
Parameter

le

Value

pH
COD
SCOD
Color (Apparent)
Color (True)
Table 2.2.1

11- 13
700 - 1200
600 - 750
7300 - 7750
7050 - 7500

The major sources of waste from textile operations can be contributed to the following,
raw wool scouring, yarn and fabric manufacture, wool finishing, woven fabric finisýi-

.:s,
id

knitted fabric finishing.

2.3 Color

The term "condition" was used along with composition and concentration t:
wastewater. Condition refers to the age of the wastewater, which is determined qualitai

)y

its color and odor. For textile wastewater, mainly, color comes from dye. (Metcalf, 2004.1.

ry

small amount of dye is visible in water, decreasing the transparency of the water

ie

environment this leads to inhibition of sunlight penetration and therefore of photosyntIle-ir

iie

measurement of color of raw textile wastewater before and after the test is being m

'o

compare the effectiveness of the method used.

7
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2.4 Chemical Oxygen Demand (COD)

Bacteria require oxygen to breathe and oxidize organic substances;the total L11-

of

which is called oxygen demand. The level of COD is a critically important factor in ev::ig
the extent of organic pollution in textile waste water. Substantial sewer surcharges -11!!
I,

-n

imposed when the local permitted limits are exceeded. Depending on the types of fibs'

:s,

and additives, various textile operations will routinely generate water having high level

1)

(Timothy et at., 1998).
In environmental chemistry, the chemical oxygen demand (COD) test is comn-m,
_,
to indirectly measurethe amount of organic compounds in water, making COD a useful ,,1
of water quality.

It is expressed in milligrams per liter (mg/L), which indicates the

oxygen consumed per liter of solution.

Older references may express the units as

million (ppm) (Sawyer et al., 2003). Therefore, COD measures the potential over, ':

°d
-re
of
er
n

requirements of the waste water sample.

I
2.5 Advanced Oxidation Process
Advanced oxidation processes have been employed for removal of refractor,,

is

matter from wastewater (Mohajeri S. et al., 2007). The goal of any AOPs design is to
and use hydroxyl free radical (HO) as strong oxidant to destroy compound that cat

")e

oxidized by conventional oxidant. Advanced oxidation processesare characterized by l r( .0
of OH radicals and selectivity of attack which is a useful attribute for an oxidant. The k%.

.gin
'ty

of AOP is also enhanced by the fact that they offer different possible ways for OH radioe
of methods in AOP is Fenton reaction that occurs while using hydrogen peroxide (El._
iron ions as a catalyst of the process. The reaction leads to catalysis break-down of
peroxide in presence of ferrous ions Fe2+, what results in free radicals generation OH
Kdasi et al., 2005).

8
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,ýiji

CHAPTER 3: METHODOLOGY
3.1 Sampling
Textile wastewater samples were collected from
Malaysia. The textile wastewater characteristics

Chemor Batik

Industry

in Perak,

are presented in Table 1. Collected

samples were immediately moved to a cold room and stored at 4 °C.
3.2 Experimental Set
In this Fenton experiments, textile wastewater characteristics were measured by several
test. This characteristics test results as shown in Table 1, are comparison of raw textile
wastewater and textile wastewater after Fenton process.
3.2.1 Color
Textile wastewater was first diluted to ratio 1:50 in a 500ml conical flask by mixing 10ml of
the textile wastewater with 490ml of distilled water. A sample cell was filled with 10ml of
distilled water for blank sample. A second sample cell was filled with 10mL of wastewater
sample (textile wastewater). The blank sample cell was wiped and it was inserted into the
cell holder of Spectrometer (DR 2800) with the fill line facing right. The ZERO button was
pressed and the display will show: 0 unit PtCo. Three readings were taken down and the
average result is taken. The experiment was repeated by using effluent sample. The results
then were multiplied with 50 to get the true value.

Figure 3.2.2

Figure 3.2.1

9
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3.2.2 Biodegradable Oxygen Demand (BOD)
Samples were prepared and poured into the BOD bottles according to the volume needed.
Blank samples were also prepared. After all samples were prepared, the initial DO for each
sample was measured by the DO probe that was equipped with a stirring mechanism. The
BOD bottles were then placed in the refrigerator

at 20°C temperature and left for 5 days.

After 5 days incubation, the final DO is measured by using the DO probe. The experiment
was repeated by using effluent sample.

3.2.3 Chemical Oxygen Demand (COD)
A 2ml of wastewater sample (textile wastewater) was measured and poured into a test tube
containing potassium dichromate. The test tube was then shaken thoroughly using 37600
Mixer. Heat was produced, indicating an exothermic process due to the reaction. All the
test tubes together with a blank as an indicator were then put into the rotator (DRB 200)
and left for 2 hours. Three readings are taken down by using Spectrometer (DR 2800) and
the average was calculated.

3.2.4Soluble Chemical Oxygen Demand (SCOD)
Wastewater samples were filtered through a filter paper by using vacuum pump. Only the
soluble part is present in the filtrate and its COD was measured.

Figure 3.2.4

10
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3.2.5 pH Measurement
By using METTLER

- TOLEDO, MP230 the pH of textile wastewater had been measured.
The pH meter was calibrated with standard buffers pH (4,7 and 10) at 30°C (room
temperature) before measurements.

Figure 3.Z.5

3.2.6 Advanced Oxidation Process - Fenton Process
Experiment of Fenton oxidation of textile wastewater was carried out at laboratory
scale. 500mL beaker was used as a batch reactor and was put under Floc Jar Tester. These
experiments have been done in two batches. First batch was to indentify the effect based on
the ratio of H202: Fe by fixing the pH value to pH3. Second batch was according to the best
ratio of H202: Fe in the first batch of experiment by varying the value of pH by 2,4,5 and

6.

i

For the first batch of experiments, 500m1 of sample of textile wastewater was placed

in a 500m1 beaker and set the sample pH to 3. This step was done by adding HCI of high

concentration about 15m1 in one pour to reach the pH value under pH7 and continued by
adding the HCl drop by drop until it the pH meter shows pH3(±0.1) while it been stirred

above the magnetic stirrer machine. The reason why the process of changing the pH to pH3
cannot be done by adding HCI drop by drop from the start was because if author done it
that way, when the pH is reach pH7-8, it will turn the sample into jelly form, and the
experiment cannot be continue. The beaker then was placed under the paddle of floc jar
tester with the machine was set ran for 120 minutes with the speed 200rpm. Hydrogen
peroxide,

H202 with

concentration

35% and Iron
11

Sulphate, FeS04 7H2O had been

Final Year Project Dissertation Report

t'`

measured based on data in Table 4.1. The reaction time starts to be record when both
reagents, H202 and FeS04 7H2O have been mixed into the textile wastewater. By using
pipette, samples of the mixture were taken at 15,30,60,90
each interval.

and 120 minutes with 50ml for

Samples taken were put in a 100ml beaker and 20 drops of Sodium

Hydroxide were added to stop the reaction of H202 in the samples. The samples then left
for 3days to let ferum settled at the bottom of the beaker. Samples were then filtered by
using vacuum pump with filter paper (Whatman: Purabid 451am) and COD and color of
the sample were then to be measured and the experiment was repeated by using different
ratio of H202: Fe based on value in Table 3.1.
From the results got in experiment 1, the optimum ratio of H202: Fe was been used
to determining the effect of pH in second batch of experiment. Table 2 shows the different
pH values used in experiment 2.

Based on the optimum ratio of H202: Fe which give the

most significant change in COD value and color, experiment 3 have been done by varying
the pH to 2,4,5, and 6. Results of the experiments were recorded and were discussed.

Figure 3.2.6(a)

Figure 3.2.6(b)

3.3 Hazard Analysis
The project conducted must comply with Universiti Teknologi PETRONAS Health, Safety
and Environment (HSE) rules and regulation. The HSE rules and regulation are meant to
prevent accident or injuries, to avoid any harm to students and people surrounding, to
prevent properties
12
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CHAPTER 4: RESULT AND DISCUSSION
4.1 Effect of H2O2/Fe2+Molar Ratio
In first batch of experiments, the pH was set to 3 by adding HCI of high concentratic
the volume used in every experiment:

H202: FeSO4 _FeSC'_! -,.,.
-ýH202:
H202:
FeSO, i=- ::.3:"
-ý

ý

-f-H202:

FeSC -- '

-.

Figure 4.1.1
Fenton process involved two major chemicals that determining the operation cost {
efficiency which are iron and hydrogen peroxide (to determine the optimal H, (i-,

if

ratio) (Elmolla E., 2008), experiments were conducted at constant pH whit

e

concentration of H202 also has been remained constant (35%). Figure 4.9 is a comb;

..

overall previous experiments. From here, it can be said that the best result is of:

n

experiment 3, ratio of H2O2/FeSO4= 6.83m1/L:391mg/L since it shows the lo« c::

f

COD value compared to the other experiments. Even the ratio of H202/FeSO4has bc2r,
in experiment 4, the result have no big different instead experiment 3 shows b, :
value of COD.

13

Final Year Project Dissertation Report

0

Final Color vs Time
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Figure 4.1.2
In this Figure 4.10, it shows the final color versus time of overall experiment in the first batch.
As we can see,the experiment 3 and experiment 4 shows a good degradation of color compare to
experiment I and experiment 2. Since the change and difference are not obvious, it is best to
choose the ratio of H2O2/FeSO4= 6.83m1/L:391mg/L as considering the cost. This optimal ratio
of H202/FeSO4has been used as fixed ratio in the second batch of experiment but with different
pH to determine the optimum pH in Fenton process to treat textile wastewater.

14
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Final SCOD vs H202: FeSO4 Volume
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Figure 4.1.3

Final Color vs H202: FeS04 Volume
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Figure 4.1.4
Figure 4.11 and Figure 4.12 show the final color and COD after Fenton process versus ratio of
H2O2/FeSO4.The figure above shows the reaction at experiment 3 can be determine as an
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optimum ratio of H202/FeSO4since even the experiment continued by increasing the ratio of
H202/FeSO4,yet the result shows no more gradual degradation.

4.2 Effect of Reaction Time
The efficiency of Fenton process depends on the formation of hydroxyl radicals and less
scavenging of hydroxyl radicals occurs as initial organic substrate concentration increases (A. G.
Trovo., 2008). To observe the effect of reaction time, samples were taken at 15,30,60,90 and
120 minutes interval. Every sample taken had been adding 20drops of Sodium Hydroxides to
stop the ferum reaction for every interval.

Final SCOD vs Time
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Figure 4.2.1

16

120

0
Final Year Project Dissertation Report

Final Color vs Time
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Figure 4.2.2
Figure 4.13 and 4.14 shows the residual color and COD after Fenton process for every interval
that samples were taken. In figure 4.13, the reaction going slow with showing no much
difference in change after minute 60. The second batch of experiments was done by taking
reaction time just until 60minutes. Figure 4.14 tell us the reactions happen immediately after the
process started, just like rapid mixing. But since the best time of COD is until 60minutes, so it
was decided to take the reaction time until 60minutes and not 15minutes.

17

0
Final Year Project Dissertation Report

4.3 Effect of pH
The pH value influences the generation of hydroxyl radicals and the oxidation efficiency. To
obtain the optimal pH, experiments were conducted by varying the pH to 2,3,4,5

and 6. Fixed

volume of H202 and FeSO4was being used as the optimum volume of H202 and FeSO4 have
been obtained in the first batch of the experiment.

Final SCOD vs Time
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Figure 4.3.1
In this figure 4.3.1, it shows the different results obtained from varying the pH to 2,3,4,5

and 6.

Fenton process at pH2, compared to Fenton process at pH3, the SCOD results are larger. The
initial SCOD(795) increased to 7015 which is much more higher than pH3. We can see clearly
that experiment done at pH3 give the best result of all. The COD is not increased much compare
to other. These results show that pH significantly influences COD degradation. At low pH,
hydrogen peroxide can stay stable, probably because it solvates a proton to form oxonium ion
(H3O+)" An oxonium ion makes hydrogen peroxide electrophilic to enhance its stability and
presumably to reduce substantially the reactivity with ferrous ion (Kwon, B. G., 1999).
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Final Color vs Time
8000
7000
6000
-ý

pH2

ý-

pH3

ö 4000

-ý

pH4

ö
U

-)(

ö

5000

pH5

w pH6

3000

2000

1000
0
0

30

15

60

Time(minute)

Figure 4.3.2
At pH4, the result is showing the same pattern of color decrease. At minute 60, the color
decreased up until 950, very big percentage of decrement. At pH5, the result shows the same
pattern as pattern in experiment done at pH4 in color decrement. But at minute 30, it reachedthe
value of color which is 650. As been discussed above, pH significantly influences color
decrement also. In figure 4.3.2, pH6 shows the lowest decrement at minute 60 which is 575.
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CHAPTER 5: CONCLUSION AND RECOMMENDATION

5.1 Conclusion
From the analyses that have been conducted for textile wastewater,the color of the textile
wastewater is decreasea lot but not the COD.
The Fenton method has a capability in treating color of textile wastewater but not
efficient in degradation of COD. The H2O2/Fe2+molar ratio, pH used and time reaction affects
the effectiveness of the Fenton process. The best H2O2/Fe2+molar ratio is 6.83ml/L: 391mg/L,
the optimum pH is at pH3 and the reaction time can be stop at 60minutes.

5.2 Recommendation

I

There is no restriction
in improvement for this research. The recommendation for better
re:

advancement will

benefit the wastewater industry as well as the researchers. Thus, the

recommendations are as follows:
"

Do advance researchof why COD does not degrade in Fenton process.

"

Experiment can be done by fixing either H202 or Fe2+to find the optimum dosage and
volume.

"

Study the reasonswhy textile wastewater turns into jelly form at pH7-8 after additional of
acid.
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APPENDIX

FeSO4
FeSO4Dosage

H202 Dosage
Experiment

(ml)

H202

Volume

Volume

(mg)

(ml/L)

(mg/L)

Experiment 1

2.049

117.3

4.098

234.6

Experiment 2

2.732

156.4

5.464

312.8

Experiment 3

3.415

195.5

6.83

391

Experiment 4

4.098

234.6

8.196

469.2

Table 4.1.1

Time(minute)

SCOD

0

775

15

5830

30

3560

60

4475

90

3650

120

2235
Table 4.1.2
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Time(minute)

Color(PtCo)

0

1445

15

770

30

740

60

760

90

785

120

695
Table 4.1.3

Time(minute)

COD

0

770

15

2640

30

2260

60

1680

90

1870

120

1920
Table 4.1.4
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Time(minute)

Color(PtCo)

0

7225

15

2850

30

2175

60

2800

90

4300

120

2150
Table 4.1.5

Time(minute)

COD

0

710

15

1206.7

30

1006.7

60

1280

90

913.3

120

1190
Table 4.1.6
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Time(minute)

Color

0

7000

15

1100

30

625

60

1425

90

950

120

975
Table 4.1.7

Time(minute)

COD

0

773.3

15

1763.3

30

1236.7

60

1183.3

90

1306.7

120

946.7
Table 4.1.8
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0

Time(minute)

Color

0

6900

15

625

30

1100

60

950

90

1075

120

925
Table 4.1.9

Experiment

pH

H202/FeSO4ratio (ml/L: mg/L)

Experiment

2

3.415: 195.5

Experiment

4

3.415: 195.5

Experiment

5

3.415: 195.5

Experiment

6

3.415: 195.5

Table 4.3.1
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Time(minute)

COD

0

795

15

7015

30

3635

60

4960
Table 4.3.2

Time(minute)

Color(PtCo)

0

6750

15

1300

30

1025

60

1025
Table 4.3.3

Time(minute)

COD

0

800

15

6300

30

3900

60

4425
Table 4.3.4
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Time(minute)

Color(PtCo)

0

7050

15

1400

30

1000

60

950
Table 4.3.5

Time(minute)

COD

0

805

15

5335

30

4425

60

3870
Table 4.3.6

Time(minute)

Color(PtCo)

0

7275

15

1275

30

675

60

800
Table 4.3.7
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Time(minute)

COD

0

850

15

5735

30

4720

60

3945
Table 4.3.8

Time(minute)

Color(PtCo)

0

7325

15

1250

30

750

60

575
Table 4.3.9
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