Advance Oxidation of MDEA Using Fenton Reagent

by

Vicknesh Thanabal

Dissertation submitted in partial fulfilment of
the requirements for the
Bachelor of Engineering (Hons)

(Chemical Engineering)

JANUARY 2009

Universit: 1eknologi PETRONAD
Bandar Seri Iskandar

31750 Tronoh

Perak Darul Ridzuan



CERTIFICATION OF APPROVAL

STUDIES ON ADVANCE OXIDATION OF MDEA USING FENTON REAGENT
By
Vicknesh Thanabal

A project dissertation submitted to the
Chemical Engineering Programme
Universiti Teknologi PETRONAS

In partial fulfilment of the requirement for the
BACHELOR OF ENGINEERING (Hons)
(CHEMICAL ENGINEERING)

Approved by. Kk\(\l j‘u\

ikat Malia 4
Assoc. Pref Dr Saikat
Assaciatg Pr_.f:es:z; Department
’ saike i emical Engin (
(AI or. Salka maltra) %nivetsili Teknolog! PETRONAS

UNIVERSITI TEKNOLOGI PETRONAS
TRONOH, PERAK
May 2009



CERTIFICATION OF ORIGINALITY

This is to certify that I am responsible for the work submitted in this project, that the
originality work is my own except as specified in the references and acknowledgements,
and that the original work herein have not been undertaken or done by unspecified

SOUrces or persoms.

VICKNESH THANABAL



ABSTRACT

Methyl Diethanolamine is widely used as a decarbonizer and Sweating agent in
chemical, oil refinery, Gas synthesis, Natural gas & gas. After a few cycle operations, the
MDEA becomes severely contaminated and loses its effectiveness and considered spent.
This required replacement with the new MDEA. The spent MDEA may be sent to
reclaimer for recovery. This is economically non profitable to the company because this
required plant shut down that made the whole process to stop. Currently choose to clean
the dehydration system at considerable cost, which produces large amounts of waste

d financial wise. Due to the problem. we need o
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CHAPTER 1

INTRODUCTION

1.1 Background of Study
1.1.1 Advance Oxidation

Advanced oxidation process (AOP) is one of the methods of treatment for the
contaminated surface and ground water. The main reason behind this process is to
break down the toxic and biorefactory organic pollutants found in industrial
wastewater and in landfill into a smaller structure which is less harm to the
environment. The idea behind this process is by the generation of very high oxidizing
agents such as hydroxyl radicals to attack the long chain molecular structure and
break it into smaller structure. They are few other method beside Advanced Oxidation
Process for the AOP treatment methods include the use of ozone, UV, ozone in
combination with UV ,ozone plus hydrogen peroxide, hydrogen peroxide and UV,

Fenton’s reagent and photo catalysis.
1.1.2 Fenton’s reagent

Fenton’s reagent is known as one of the most effective and most often used
substance in oxidation process and it also widely been used in the industry even
today. Fenton’s reagent is a combination of hydrogen peroxide (H»0;) solution and
iron catalyst which is used to oxidize contaminants of waste water. The process may
be applied so that the polluted water can be biodegradability improvement by
breaking the huge chemical structure into simpler form that later on can be treated in
biological stream. This method also can be used to remove odor and color from the

waste water. Reaction equation of Fenton’s reagent

Fe > + H,0, ---->Fe ¥ + OH + 'OH

‘'OH+RH --->R+ H,0



For complete mineralization high doses of H,O, and Fe** are generally required

because the regeneration of Fe*" jon is relatively slow

Fe’ + H,0, —>Fe > + ‘OOH +H
‘OH + H,0, ----> " O;H + H,0

‘OH+Fe¥ -—->Fe? +OH "

The procedure requires a range of pH which is between 3 to 4 for an optimize
reaction. The reaction rates with Fenton’s reagent are generally limited by the rate of
‘OH generation (concentration of iron catalyst) and less so by the specific wastewater
being treated. In this process we usually try to reduce the usage of iron catalyst
because the reaction will form Iron (II) which a brown solid that need another

treatment later on.

According to a journal written by Idil Arslan Alaton and Senem Teksoy (Acid
dyebath effluent pre-treatment using Fenton’s reagent: Process optimization, reaction
kinetics and effects on acute toxicity; ELSEVIER) Fenton’s reagent is the most
effective and most commonly be used in the treatment of textile dyes and dyehouse
effluent. According to the present study been made, a synthetic acid dybath effluent
(SADB) bearing two azo and one anthraquinone dye together with two dye auxiliaries
was subjected to pre-treatment with Fenton’s reagent. Firstly, initial Fe ** and H202
concentrations as well as pH were optimized to achieve highest COD and colour
removals during Fenton’s tredatment of SADB. In the second stage of the experiment
work, kinetic studies were conducted to elucidate the effect of operating temperature

(20°C < T <60°C) on COD, colour adatement and H202 consumption Kinetics.

Obtained result indicates that 30% COD and practically complete colour removal

(99%) could be achieve at T= 50°C. The kinetic studies revealed that a strong
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correlation existed between COD removal and H202 utilization rates. In the final part
of the study, the acute toxicity of raw (untreated) and pre-treated SADB on
heterotrophic biomass was investigated employing a modified (COD balanced),
activated sludge inhibition test. The toxicity experiment demonstrated that the
inhibitory effect of SADB toward sewage sludge could be completely eliminated

when the effluent was pre-treated with Fenton’s reagent.

The usage of the oxidation method is not only been applied in the textile dyes but
also in other industry. In the pharmaceutical industry, there are four different types of
manufacturing process which is fermentation, chemical synthesis, extraction and
formulation. This process often generates moderate-to-high strength wastewater
exerting seasonal and operational variations in effluent quality and quantity. Among
the effluents originating from different operations in this industry, drug formulation
effluent is characterized not only by low wastewater production rates but also
extremely poor biodegradability and even toxicity caused by the active ingredient
being formulated batch-wise. Particularly those effluents arising from the antibiotic
formulation process contain high concentrations of refractory chemicals that lead to
the complete inhibition of activated sludge treatment systems as well as to toxic
effects on aquatic organisms in the water bodies receiving these effluents. Hence,
chemical pre-treatment is often required prior to discharge into sewage system

treatment system.

According to journal on” Photo-Fenton-like and photo-fenton-like oxidation of
Procaine Penicillin G formulation effluent, (Arslan-Alaton, F.Gurses), Journal of
Photochemistry and Photobiology A:Chemistry”, numerous researchers have
evaluated the treatment of refractory organic pollutants found in groundwater, surface
water and industrial wastewater by so-called advanced oxidation process. Advance
oxidation process is of great 'intefest for the treatment of contaminated surface and
ground-water and for the destruction of toxic and bio-refractory organic pollutants
found in industry wastewater and in landfill leachate. Advanced oxidation processes
rely on the generation of very reactive oxiﬂizing agent that will produce free radicals

such as the hydroxyl radical can initiate oxidative degradation reactions of refractory



synthetic and nature organic compounds and is capable of mineralizing them
ultimately to CO2 and H20 owning to their high oxidation potential which is +2.80

¢V versus NHE in aqueous solution.

There are several oxidative process involving iron compounds and hydrogen
peroxide to provide alternative way of hydroxyl radical generation. Direct photolysis
of H202 produce hydroxyl radical, however because of the fact that H202 only
weakly absorbs solar radiation, hydroxyl radical formation by this process is very
slow. H202 though, can serve as a hydroxyl radical source through pathways
involving iron salts or oxides. The reaction of H202 with Iron (III)/Ferric and Iron
(I)/Ferrous in acidic aqueous solutions which are among the most common

homogeneous system and potential sources of hydroxyl radicals generation.

Iron-catalyzed decomposition known as the Fenton’s reaction provides an
alternative way of oxidizing recalcitrant and toxic organic compounds present in the

most industry wastewaters.

1.1.3 Amine

Amine is an organic compounds and a type of functional group that contain
nitrogen as the key atom. Structurally amines resemble ammonia, wherein one or

more hydrogen atoms are replaced by organic substituent such as alkyl and aryl

groups. ,
Basically, there are three types of amines:

e Primary amines arise when one of three hydrogen atoms in ammonia is replaced
by an organic substituent.

e Secondary amines have two organic substituents bound to N together with one
hydrogen.

e Tertiary amines all three hydrogen atoms are replaced by organic substituents.

4



Note: the subscripts on the R groups are simply used to differentiate the organic

substituents .

Primary amine Secondary amine Tertiary amine

AN AN
R \RZ

Figure 1: Types of Amine structure

" CHaiCHa:

MDEA: methyldiethanolamine

Figure 1: MDEA Molecule structure

1.2 Problem Statement

Treatment of Methyl Diethanolamine had been a big problem to company like

DOA, BASF and PETRONAS because of the high chemical oxygen demand (COD)

]

level that makes it possible to be treated through biological treatment packages.

During the gas purification in the oil and gas industry, MDEA will be produce as a

waste product. Due to the high range of COD concentration, it is impossible for it to

be treated in the biological treatment compartment. Our task was to break down the

MDEA component using Fenton’s treatment to form carbon dioxide, water and NH3.

In Malaysia, the two major company that produce MDEA as their waste component
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wias DAO and BASF industry. MDEA or known as Methyl Diethanolamine is a clear,
colorless or pale yellow liquid. MDEA component can’t directly be treated in the
biological treatment compartment because biological treatment unit have a certain
range of COD operating value. MDEA have higher COD value that excide the range

of normal operating condition of the system.
1.3 Objectives and Scope of Study

Methyl Diethanolamine is widely used as a decarbonizer and Sweating agent in
chemical, oil refinery, Gas synthesis, Natural gas & gas. After a few cycle operations,
the MDEA becomes severely contaminated and loses its effectiveness and considered
spent. This required replacement with the new MDEA. The spent MDEA may be sent
to reclaimer for recovery. This is economically non profitable to the company
because this required plant shut down that made the whole process to stop. Currently
choose to clean the dehydration system at considerable cost, which produces large
amounts of waste contain MDEA is more preferred method financial wise. Due to the
problem, we need to find an optimize condition base on

1. Concentration of H202 and FeSO4

2. Initial concentration of MDEA
in order to reduce its COD level and enable i{ for further treat in the biology
treatment compartment. For this first experiment our task was to find the optimum
ratio of hydrogen peroxide (H'202)' solution and iron catalyst need to be used to get an

optimum operating condition of decreasing the COD level.



1.3.1 The relevance of the project

MDEA or in scientific name known as Methyldiethanolamine are routinely used for
the removal of carbon dioxide and hydrogen sulfide from natural gas in a packed or
tray tower. Periodic cleaning of the tower is done by high speed water jet and the
wastewater generated contains a significantly high concentration of the amine. This
wastewater is toxic to bacteria and cannot be treated in a conventional treatment unit
by biological oxidation. An alternative technique of treatment is advanced oxidation
such as UV-H;0, or Fenton’s reaction. In the present work, Fenton’s reagent — a
combination of ferrous sulfate and hydrogen peroxide — has been used to study the
degradation of Methyldiethanolamine in wastewater. Degradation studies were
carried out in a jacketed glass reactor. Samples were drawn from time to time and
the COD was determined to follow the course of degradation. The rate of
degradation declines above a pH of 4 because of decomposition of hydrogen
peroxide. The concentration of ferrous sulfate, the amount of hydrogen peroxide and
the initial concentration of MDEA are the hnpon?nt parameters that determine the
rate of reaction. The effects of all these parameters have been studied. The reaction
proceeds very fast at the beginning but the rate of degradation slows down at larger

time.



CHAPTER 2:

LITERATURE REVIEW

2.1 Alkanolamine as Solvent

Most sour gas processing facilities separate hydrogen sulfide (H,S) and carbon
dioxide (CO,) from raw gas through chemical absorption using alkanolamines (or
"amines"). The prime alkanolamines are: monoethanolamine (MEA), diethanolamine
(DEA), methyldiethanolamine (MDEA), diisopropanolamine (DIPA), and
diglycolamine (DGA). The amine processes are cyclical involving both absorption
and desorption steps-to reuse absorbents. Because these processes are closed loop,
nonregenerable contaminants accumulate within the system and can cause reduced
processing efficiencies and operational problems. Operational difficulties include:
corrosion, foaming, solid deposition, losses of valuable amine and environmental
problems. Gas plants that run with fresh solutions rarely experience any problems.
Problems begin when contaminants build up in amine solutions. It is strongly
recommended that gas plant solution quality is monitored and take preventive

measures to keep solutions clean.

Alkanolamines in water solution are extensively used for scrubbing certain acidic
gases. The most utilized alkanolamines for scrubbing acidic gases are
monoethanolamine (MEA), diethanolamine (DEA), methyl-diethanolamine (MDEA)
and di-isopropanolamine (DIPA). The amines are “regenerated in stripping tower for
recycling back to the absorber. During shutdown and maintenance of these facilities,
high concentrations of residual alkanolamine may be carried over into the wastewater,
whereupon they can disturb the biological treatment system of the plant. Advanced
oxidation processes (AOP’s) have proved to be extremely effective in the degradation
of high concentrations of organics which.may be difficult to treat in a conventional
biological oxidation unit. The more common AOP’s use either HyO, or O as the

source materials for the generation of strongly oxidizing radicals such as hydroxyl
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(HO") and hydroperoxyl (HO;) in solution. Ultraviolet radiation or ferrous sulfate,
separately or in combination, are used to initiate the process of generation of the
oxidizing radicals. Fenton’s reagent, a mixture of hydrogen peroxide and ferrous
sulfate in aqueous solution, has proved to be more effective than UV-H,0; or UV-0O;

for most of the recalcitrant organics (Walling, C. 1975).

2. 2 Natural Gas Processing

Natural gas is a major energy source in the world. It is one of the cleanest, safe,
and most useful of all energy sources. World natural gas consumption rose by 3.1% in
2007 from 2834.4 billion cubic meters in 2006 to 2921.9 billion cubic meters.
Malaysia, as one of the leading natural gas producers in the world, produced about
60.5 billion cubic meters of natural gas out of the total worldwide production 2940.0
cubic meters in 2007 (British Petroleum, 2008).

Raw natural gas typically consists primarily of methane (CHj), the shortest and
lightest hydrocarbon molecule. It also contains varying amounts of ethane (C;Hg),
propane (C3Hg), normal butane (n-C4H;y), isobutane (i-C4H¢), pentanes and even
higher molecular weight hydrocarbons. Other impurities such as acidic gases —carbon
dioxide (CO,), hydrogen sulfide (H,S) and mercaptans such as methanethiol (CH;SH)
and ethanethiol (C;HsSH)— and water vapor and also some nitrogen(N;) and
helium(He) are present (Kohl and Nielsen, 1997) in natural gas.

4

It is well known that acidic gases in the presence of water are highly corrosive
that can slowly damage the pipeline and equipment system. It also reduces the true
heating value and eventually has effect on the price of natural gas. Concentration of
acidic gases in the raw natural gas may vary from one source to another. Therefore,
separation of acidic gas from raw naturg_l gas is important to meet the natural gas

standard in the market.



2.3 H,S andCO; Removal from Natural Gas

The primary gas purification processes generally belong to the following five

categories (Kohl and Nielsen, 1997):
1. Absorption into a liquid
2. Adsorption on a solid
3. Permeation through a membrane
4. Chemical conversion to another compound

5. Condensation

Absorption is undoubtedly the single most important operation of gas purification
processes. Aqueous alkanolamine is the most generally accepted and widely used
solvent for capturing H,S and CO; from natural gas (Kohl and Nielsen, 1997). The
amines that have proved to be of principal commercial interest for gas purification are
monoethanolamine (MEA), diethanolamine (DEA), methyldiethanolamine (MDEA)
and di-isopropanolamine (DIPA).

Structural formula of alkanolamine contains two functional groups, which are the
hydroxyl group and the amino group. The hydroxyl group will reduce the vapor
pressure and increase the water solubility, while the amino group provides the
necessary alkalinity in water solution to cause the absorption of acidic gas. The
structural formula of the two model alkanolamines used in this work are shown

below.
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HO \/\N
H
HO
\/\NH2 HO

Monocthanolamine (MEA) Diethanolamine (DEA)

Figure 2 Structural formula of Monoethanolamine (MEA) and Diethanolamine (DEA).
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AMbsorber . 35 to 50 °C and 3 to 2035 atm of absolute pressure
Regenerator : 115to 126 °C and 1.4 to 1.7 atm of absolute pressure
at tower bottom

Figure 3 Flow diagram of a typical amine treating process (Wikipedia, the free encyclopedia)

The basic flow arrangement of the alkanolamine acid gas absorption process is

shown in Figure 1.2. Amine gas treating process includes an absorber unit and a

regenerator unit as well as accessory equipment. In the absorber, the down flowing

amine solution absorbs H,S and CO, from.the up-flowing sour gas to produce a

sweetened gas stream (i.e., an H,S-free gas) as a product and an amine solution rich
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in the absorbed acid gases. The resultant "rich" amine solution is then routed into the
repencrator (a stripper with a reboiler) to produce regenerated or "lean" amine that is
reeyeled for reuse in the absorber. The stripped overhead gas from the regenerator is
concentrated HS and CO,. This HpS-rich stripped gas stream is then usually routed
into a Claus process to convert it into elemental sulfur (Kohl and Nielsen, 1997). The
('O, generated during desorption may be put to a number of uses including enhanced

oil recovery (EOR).
2. 4 The Hybrid Process: Advanced Oxidation followed by Biological Treatment

Periodic cleaning of absorption and stripping towers in a natural gas processing
plant will generate wastewater with a large portion of alkanolamine. High
concentration of alkanolamine thus generated has low biodegradability or is often
toxic to the bacteria and can not be treated in the conventional biological oxidation.
An alternative technique is to partially degrade the amine by an advanced oxidation
process (AOP’s) such Fenton’s reagent’s (Fe** + H,0,) to generate smaller fragments

of degradation products which are amenable to biological oxidation.

Coupling of chemical oxidation (AOP or wet air oxidation, WAO) as pre-
treatment before biological oxidation as post-treatment is conceptually beneficial as it
can lead to increased overall treatment efficiency (Mantzavinos, 2007; Jones, 1999;

Koprivanac and Kusic, 2007). The concept is illustrated in Figure 2.3.
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CHAPTER 3:

METHODOLOGY

3.1 Fxperimental set up
3.1.1 Fenton’s Oxidation Process

A stirred jacketed glass reactor was used to monitor the progress of Fenton’s
degradation reaction of the alkanolamine. A solution of the amine in desired
concentration was prepared and H>SO4 was added to it drop wise to adjust the pH to
the desired value. The ferrous sulfate catalyst was added and the content was mixed
well. This was followed by addition of requisite quantity of 30% H,O,. The reaction
starts immediately and the temperature was maintained by circulating cooling water
through the jacket. Samples of the liquid were withdrawn from time to time and the
COD of the samples were measured following standard procedure using Hach 5000
spectrophotometer.  Calibration of the Hach 5000 COD instrument was checked by

mcasuring the COD of a 2.08mM potassium hydrogen phthalate.

Un-reacted HyO, present in a sample seriously interferes with COD measurement
(Talinli and Anderson, 1992). Removal of the H,O, was done by warming a sample
in a boiling water bath for 10 minutes after addition of 2 ml of 1(M) NaOH solution
to 4 ml sample. The precipitated hydrated ferric oxide was removed by filtration
using 0.45um filter and the COD of the sample was measured. The change of volume

of a sample at different stages was taken into account during COD calculation.
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Figure 5 Fenton’s Process experimental set up

3.1.2 COD (Chemical Oxygen Demand) determination

Chemical oxygen demand determination was performed using HACH analytical
cquipment Method 8000 that was approved by Standard Method for the Wastewater
Analysis, USEPA. This pararheter is very important to monitor the degradation of
alkanolamine and the concentration of the test compound in bioreactor. Two ml of
sample was oxidized using the standard chemical from HACH and digested at 150 °C

for two hours on the DRB HACH digester. The COD reading was obtained by using

15



HACH DR 5000 spectrophotometer. The range of COD measurement is 0 — 1500

/1. COD. Furthermore, COD removal at 30 minute was calculated by:

COD, - COD,,

rmovid W xl OO%
cob,

oD

where: COD;emovar 30 = percentage of COD removal at 30 minute,
CODy = COD value at 0 minute, and
COD;¢p = COD value at 30 minute

1.3 pH

‘T'he pH of the mixed liquor was measured using pH probe of HACH sens ion 1
phl meter. This pH meter was calibrated regularly. The pH of Fenton’s process was
used to monitor the oxidation process in the reactor, while pH of bioreactor to

monitor the activity of microorganism in the bioreactor.

Figure 6 List of solution according to time
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V.2 Procedure Lldentification.

Hrepara reactor with digital pH reader, digital thermometer, and cooling
jacket with flowing water

= =

Prepare 8 vials with 2ml of NaOH of 1M in each vial

= =

Frepare 8 vials with 2mi of NaOH of 1M in each vial for different timing
at 0,1,2,4,6,8,10 and 30mins

= =

Pour the already prepared 500 ml of 1000 COD level DEG into the
reactor and get the temperature and pH.

=

Hut 17.38g of FeSO4 in the reactor and adjust pH so that it maintains at
2.8 to 3*

~ = =

Pour 8.38ml of H202 into the solution and time is started. pH adjusted
with 1M of NaOH and 2ml sample taken at each interval

—

Place the vials into hot bath and boil for 15mins.*

= =

Take out 2ml of the clear liquid using a syringe and filter out the
solution. filtered sample is transferred into the E-coli test vials*

~_ =

Place the vials into COD thermoreactor and heat at 150 deg C for
120mins

e

Cooldown the vials and take the COD(mg/l) reading from the
spectrometer
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CHAPTER 4:

RESULTS

Iixperiment was done in two section where first to find the effect of ratio between
I'6S04.H20 and H202 that can optimize the reaction while the second experiment is
to find the effect of initial concentration of MDEA. Below is the parameter been set
for the first experiment under the pH of 3:

1. Experiment

e Ratio FeSO4.H20 : H202 - 20:1
e 500ml of MDEA

e 3.5ml of H202 (30%)

o 0.48g of FeSO4

2. Experiment

e Ratio FeSO4.H20 : H202 > 30:1
e 500ml of MDEA

e 3.5ml of H202 (30%)

o 0.32g of FeSO4

3. Experiment

e Ratio FeSO4.H20 : H202 > 40:1
e 500ml of MDEA

e 3.5ml of H202 (30%)

e 0.24g of FeSO4

4. Experiment

e Ratio FeSO4.H20 : H202 - 50:1
e 500ml of MDEA

e 3.5ml of H202 (30%)

e 0.19¢g of FeSO4

18



COD

4.1 Kffect of Ratio

(Ratlo FeSO«H20 : H202 > 20:1)

500

COD Level vs Time

450 n

400

350

00+

250

1

Ll i I

General model Exp2:

| H

+  COD Level vs. Time

=it 1

f(x) = a%exp(b™) + c*exp(d™x)

Coefficients (with 95% confidence bounds}:

a=126.2 (8061, 1718)
b=-1.473 (-2.958, 0.01306)

c= 2925 (%55.4, 3196)

d = -0.006038 (-0.01293, 0.000855)

Goodness of fit:
SoE: 7194
R-square: 0.9639
Adjusted R-square: 0.9367
RMSE: 13.41

|
510 15
| Time

20

Figure 7: Graph of COD Vs Time (20:1)
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(Ratlo FeSOLH20 : H202 > 30:1)

COD Level vs Time
Hl T T T T . =
+  COD Level vs. Time

=it 1

General model Exp2:
450 f{x) = a®exp(b™x) + c*exp(d"x) 3
“ Coefficients (with 95% confidence bounds):
a=126.2 (8061, 171.8)
b=-1.473 {-2.958, 0.01306)
400 ¢ =2925 (2654, 319.6) -
d = -0.006038 (-0.01253, 0.000855)

§ Goodness of fit:
350+ SSE: 7194 -
R-square: 0.9539
Adjusted R-square: 0.9367
RMSE: 13.41

300+

280

|
0 5 10 15 20 25 30
Time

Figure 8: Graph of COD Vs Time (30:1)
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(Ratio FeSO4.H20 : H202 > 40:1)

COD Level vs Time

MO P I T 1 I 1
¢ COD Level vs. Time
| —fit 1
420
General model Exp2:
f(x) = a"exp(b*x) + c*exp({d™x)
40} Coeficients (with 95% confidence bounds). )
a= 1048 (68.28,141.4)
380l b= -0.3%9% (-0.7288, -0.07027) |
c= 3162 (2814, 31)
8 d= 0002274 {-0.00758, 0.003032)
O 360F -
P (Goodness of fit:
SoE: 300.4
M0+ R-square: 0.9772 -
+  Adjusted R-square; 0.9602
RMGSE: 8.666
J20 ¢
300
0 : 10 (T 2 0

Time

Figure 9: Graph of COD Vs Time (40:1)
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(Ratlo FeNOWH10 : H202 > 50:1)

COD Level vs Time

i60 +  COD Level vs. Time (|
e it 1

A0 7

General mocel Exp2:
f(x) = a*exp(b*x) + c*exp(ti*x)

420} Coefficients (with 95% -
confidence bounds):
400H a=8562 (48.63,1226) |

h=-1.454(-3.196, 0.2886)
£=3321(3103,3539)
o =-0.004347 (-0.0091 0.0004069) 5

COOD
&8
o

Goodness of fit
30r SSE: 478.4 g
R-square; 0.9528
M0+ + Adjusted R-square:0.9174 J
RMSE: 10.94
J20F
300
| | | | | | |
0 5 10 15 i 25 30

Time

Figure 10: Graph of COD Vs Time (50:1))
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4.2 Kffect of Ratio Overall

Ratio vs Percentage removal

3

3

Ratio

b

3

32

30

+

—fit 1

Ratio vs. Percentage removal

45

2 30

| l
3 I
Percentage Removal

Figure 11: Graph of Ratio Vs Percentage Removal
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The second experiment is to find the effect of initial concentration of MDEA.

Below is the parameter been set for the first experiment under the pH of 3:

2.1. Experiment

e 1000 COD of MDEA
e 1000ml of MDEA

e 3.5ml of H202 (30%)
e 0.32g of FeSO4

2.2. Experiment

e 5000 COD of MDEA
e 1000ml of MDEA

e 17.5ml of H202 (30%)
e 1.60g of FeSO4

2.3. Experiment

e 10,000 COD of MDEA
e 1000ml of MDEA

e 35.0ml of H202 (30%)
e 3.20g of FeSO4

2.4. Experiment

e 50,000 COD of MDEA
¢ 1000ml of MDEA

e 175.0ml of H202 (30%)
e 16.0g of FeSO4
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B .

COD

4.3 Kffect of Initial concentration

(1000COD of MDEA solution)

A0

450

400

350

300

20+

COD Level vs Time

=

I I I

General model Exp2:

T

H

+  COD Level vs. Time

—fit 1

f{x) = a%exp(b™) + c*exp(d*x)
Coefficients (with 95% confidence bounds):
a=126.2 (80.61,171.5)
b=-1.473 {-2.958, 0.01306)
¢ =2925 (265.4, 319.6)

d = 0.006038 (0.01293, 0.000855)

(Goodness of fit
SoE: 719.4
R-square: 0.9639
Adjusted R-square: 0.9367
RMSE: 13.41

=_§
5 10 15
Time

0

2

Figure 12: Graph of COD concentration Vs Time (1000COD)
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CcoD

(5000COD of MDEA solution)

4800

4600

4400

4200

4000

3600

3600

3400

3200

COD Level vs Time (5000 COD)

: ¢ COD level vs. Time
General model Exp2: fit 1
() = a*exp (™) +c*exp(d™)
Coeflicients (with 95% .
confidence bounds):

I a=1332 (-285, 2950) |

[T

b=-0.2365 (-0.7646,0.2918)
¢=3446 (1703, 5190)
d=-0.001932 (-0.02065, 0.01678) .

Goodness of it
¢ 5BE:1.355e+005
R-square: 0.9346
Adjusted R-square:0.8855 =
RMSE: 184.1

o) 10 15 o 20 25 30
Time

Figure 13: Graph of COD concentration Vs Time (5000COD)
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(10,000COD of MDEA solution)

COD Level vs Time (10000)

el +  COD Level vs. Time
=it 1
11000 | -
General model Exp2:
F(x) = a¥exp(h*x) + c*exp(d¥x)
10000 Coefficients (with 95% confidence hounds): ,
a = 3036 (2981, 3097)
h = -2,192 (-2.36, -2.024)
C = 5601 (5958, 6024)
000 | d= -0.006479 (-0.006905, -0.006054)

Goodness of fit:
8000 - SSE: 1203 4
R-square: 0,9999

Adjusted R-sguare: 0.9998

cCoD

— RMGE: 17.34] |
6000 | .
5000
| | | | | 1 I
0 5 10 15 20 5 30

Time

Figure 14: Graph of COD concentration Vs Time (10,000COD)
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cCoD

(50,000COD of MDEA solution)

% 10" COD Level vs Time (50000)

: — it

+  COD Level vs. Time

General model Exp2;

(0 = a*exp(h™) + c*exp(d™)
Coefficients (with 35% confidence bounds):
45} a= 1.604e+004 (1.167e+004, 2.0418+004)
h= -05494 {-0.8977,-0.2011)
t= 3.299e+004 (2.948e+004, 3.691e+004)
d= -0.003753 (-0.009868, 0.002362)

ir Goodness of fit
SSE: 5.607e+006
R-sguare: 0.9815
Adjusted R-square: 0.9677
35} ¢ RMSE: 1184
3 e
| | | 1 ] |
0 5 10 15 - 20 25
Time

Figure 15: Graph of COD concentration Vs Time (50,000COD)
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4.4 Effect of Initial concentration Overall

Percentage remov al
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Figure 16: Graph of Initial concentration Vs Percentage Removal
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CHAPTER 5:
DISCUSSION

5.1 Effect of Ratio between FeSO4.H20 and H20?2

Four different amount of FeSO4 were tested in order to investigate the effect of its
ratio to H,O,. The volume of liquid, amine concentration (1000 ppm), H,O,

concentration (3.5 ml) and pH at 3 were maintained at constant values.

The hydroxyl radical causes the degradation reaction. This radical would degrade
an organic matter to simpler molecules. The hydroxyl radical is generated from
reaction between H,0, and Fe** in the acidic pH (see Equation in chapter 1.1.2). A
higher H,O, concentration generates more hydroxyl radical enhancing the COD
removal. In this study, the maximum COD removal was achieved at ratio of 1:30
(FeSO4.H20: H202). A still higher hydrogen peroxide concentration would not

increase the COD removal.

It is well known that hydrogen peroxide acts as a scavenger of hydroxyl radicals.
Hydroperoxil radicals are generated from that reaction. It is also well known that
hydroperoxil as well oxidizes the organic matter, but the reactivity of hydroperoxyl is
less compared with hydroxyl radical. Hence, the COD removal was less in the upper

limit of H,O, concentration.
The COD degradation profile at the different H,O, concentrations is depicted in
¢
Figure 14. From the figures it is seen that increasing H>O, concentrations followed
increasing COD removal until the certain limit and decreasing thereafter.

5.2 Effect of MDEA Initial concentration

The study of the effect of initial alkanotlamine concentration was performed at

four initial concentrations of alkanolamine. The concentration was varied from 1000
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ppm to 50,000 ppm maintaining constant values of the other parameter. Figures 10 to
13 show that the rate of COD degradation of MDEA solution was strongly dependent
on the initial concentration. The COD removal was low at a small concentration of
amine. It was 29.69% for MDEA been oxidize at the end of 30 minute for 1000 ppm
initial concentration. More than 45% COD removal was achieved within 30 minute
when the initial concentration was 10000 ppm. It is also seen that reaction was very

fast at the initial time and then slowed down.
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CHAPTER 6:
RECOMMENDATION

On conducting the experiment, there were many problems faced especially with
the equipment setup. Here I would strongly recommend that, proper set of equipment
should be used for the experiment. Due to shortage of equipment or usage of other
non standardize equipment may cause error in the result. Besides that, in order to
avoid parallax error and to obtain more accurate result, the experiment should be
repeated at least six times. Practice consistency in taking the sample and also during
the filtration time. Besides that, it is better to use the same pH meter and pipette to
ensure the results are consistent. This is because different pH meter has different
sensitivity and same goes with pipette. It is also advisable to take the sample from the
reactor at exact time especially when dealing with high level COD of MDEA. Last
but not least it is better to take into account the experiment which dealing with high
level COD because the reaction will be vigorous. It is advisable to run the experiment

in small amount so that it can be controlled.
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CHAPTER 7:
CONCLUSION

MDEA undergoes degradation by reaction with hydroxyl radicals in the Fenton’s
hydroperoxidation process. The reaction appears to be very slow at a low
concentration of the amine. But at a higher concentration of the substrate, it proceeds
very fast. More than 45% of the COD is removed within about 30 minutes from an
amine solution of initial concentration of 10,000 ppm. Beyond this concentration
limit the COD removal start to decreases. This show that the best initial concentration
to be fixed is within the range of 10,000 ppm. The degradation rate is the highest at a
pH of 3.0.

The dosing of both ferrous sulfate and hydrogen peroxide would be effective if it
is fixed to the ratio of 1:30 — the degradation rate increases, reaches a peak and then
decreases. This is because the precipitated iron compound acts as a catalyst for
decomposition of H,0,, and H,O, scavenges hydroxyl radicals. By proper selection

of the concentrations and pH it is possible to achieve a high degradation of the amine.
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Abstract

Figure 2: Extraction of MDEA sample




