Degradation of | buprofen in wastewater by ozonation
and catalytic ozonation
Thesis Report
Submitted in partial fulfillment of the requirements for the award of
degree of
Masters of Technology
in
Chemical Engineering
Under the Supervision of
Dr. P.K. Bajpai & Dr. Jafar Soltan
Submitted By
Name Vimmi Kathpalia
(Roll No.: 600911010)

CHEMICAL ENGINEERING DEPARTMENT

THAPAR UNIVERSITY

PATIALA-147004

JUNE-2011




CERTIFICATE

This is certified that the thesis entitled " Degradation of Ibuprofen in wastewater by
ozonation and catalytic ozonation”, is an authentic record of my own work carried out
as partial requirements for the award of degree of M.Tech. (Chemical Engineering) at
Thapar University, Patiala, under the guidance of Dr. Pramod K. Bajpai (Distinguished
Professor, ChED, TU) and Dr. Jafar Soltan (Associate Professor, ChED at University

_ of Saskatchewan, Saskatoon, Canada) during January to June 2011.

ez
Date: Tu’-a 15,2=\) Vimmi Kathpalia
(Roll no.: 600911010)

Itis certified that the above statement made by the student is correct to the best of our

S (N

AN
B r
ramoE K. Bajpai Dr. Jafar Soltan

guished Professor Associate Professor
artment of Chemical Engineering Department of Chemical Engineering
ar University, Patiala University of Saskatchewan, Saskatoon

knowledge and belief.

Canada
ersigned by:
-
‘Gangacharylu Dr.SK. M
sor & Head Dean, Academi¢ Affairs
ent of Chemical Engineering Thapar Universtty, Patiala

University, Patiala




ACKNOWLEDGEMENT

I Would like to thank Dr. P.K Bajpai , Distinguished Professor, Chemical Engineering
Department, Thapar University, Patiala, India, for his cooperation, guidance and mora support
throughout the course of this project.

| wish to express my deep gratitude to Dr. Jafar Soltan, Associate Professor, Chemical
Engineering Department, University of Saskatchewan, Saskatoon, Canada; for providing his
valuable guidance, support and encouragement during the research. His expertise in the field of
environmental catalysis was very helpful to complete the research in time.

| am also thankful to Dr.D.Gangacharyulu, Professor & Head, Chemical Engineering
Department, Thapar University, Patiala, India. These are his teachings and blessings; encouraged
me to give my best part of work.

| am thankful to Dr. Babak Roshani, Post-Doctoral Fellow, Chemica Engineering Department,
University of Saskatchewan, Saskatoon, Canada, who continuously provided me his technical
expertise, helped to find study material and analyze the observed data.

| would like to acknowledge Mr. Richard Blondin and Ms. Heli Eunike, Technical Assistant,
Chemical Engineering Laboratory, Chemical Engineering Department, University of
Saskatchewan, Saskatoon, Canada, for providing their technical expertise, constant help and
valuable effortsin Analysis work.

| am very thankful to Rozita, Ebrahim and lain , who gave me their valuable suggestions and
guided me alot in laboratory experiments.

Finally, I would like to express my gratitude to my family and friends for their unconditional
encouragement, inspiration, and support to my research.

Last but not the least, | would aso like to extend my thanks to all who had directly and indirectly
helped me during this project work.

(Vimmi kathpalia)

M.Tech( ID: 600911010)
Chemical Engineering Department
Thapar University

Patiala (India)




ABSTRACT

Pharmaceutical micropollutanst are the most ubiquitous contaminants of wastewater treatment
plants .There are different categories of pharmaceutical contaminants and anti-inflammatory
drugs are the most common among them. They are partially treated in WWTP and
Consequently affecting the aquatic environment. Conventional methods proves to be insufficient
for their treatment .these days advanced oxidation process are in pipeline for the treatment of
wastewater.

In our part of work we have used two advanced oxidation methods, Only ozonation and
heterogeneous catalytic ozonation. Ibuprofen(NSAID) has been chosen as model compound
Mn/Al,O; is prepared in laboratory and has been used as catalyst for this work. Heterogeneous
catalytic ozonation proves to be more helpful in degrading Ibuprofen, model compound than
only ozonation. The future scope of this research is to develop more better catalyst and to

optimize this method to take on commercial scale

Key words: Ozonation, heterogeneous catal ytic ozonation, |buprofen
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Chapter 1

Introduction

With the advancement in sophisticated modern aigalytechnology, which makes it
possible to detect contaminants at the level of fhiggr in the wastewater. These
microplollutant are mainly introduced into the atimaecosystem via municipal
wastewater treatment works [8, 10, 11, and 16pr&sent, there is an increasing concern
on the presence of pharmaceutical compounds iretlv@onment mainly due to their
potential risk to the aquatic environment. An enmgggtask for municipal wastewater
treatment plants would be to act as a barrier fiararpollutants, preventing the emission
of potentially harmful substances into the aquemusronment.However, conventional
sewage treatment plants are not so effective imadiégg these micro pollutants due to
their non —biodegradable nature. Ozonation andrégé@eous Catalytic ozonation are
some of the energy intensive techniques being us#¢aste water treatment plants these
days. Thus our goal is to find the best suited nigples that can provide us water in
reusable form.

1.1 Background

Testing for emerging contaminants in water onlyare@ the later 1990s. Much of the
testing has been in Europe and the United Statemrding contaminants have been
found virtually everywhere. A number of pharmaceaitimicropollutants are found in
wastewater; there concentrations found are very lawging in theug/l down to ng/l
range. The physical fate of these contaminantsesagreatly, depending on the
substance. There are different classes of pharmieaklike anti analgesics, antibiotics,
antiepileptic, antidepressants, and blood lipicutars found in wastewater at different
levels of concentration depending on populatiora (urrounding.Pharmaceuticals are
most likely to appear in surface waters from sewdigeharges as a product of their
human use and consequent excretion. Accordingtéoature survey researchers are
trying different methods and techniques to remdwesé micro pollutants in WWTP and
with the help of their studies we are trying todfione of those techniques which can give

best possible way out to treat these pharmaceuticabpollutants.



1.2 Need

Research into the environmental fate of pharmacaigtand many of the other emerging
contaminants is made somewhat more complex byattethat their use is so common
that there is a virtually continuous supply entgrine environment. Especially in Europe
and parts of the United States, the flows of theelostretches of many rivers consist
partly or, sometimes, entirely of treated effluemith each wastewater treatment facility
adding its contribution to the loading of pharmawmzu and other contaminants. Seasonal
flow conditions in rivers and streams usually vaagd this too affects the concentration
and fate of these substances in various ways, @iangsting results from the same
water course over the year, with contamination gdlyeaccentuated during low flow
conditions. These complexities make for many reteastudies but few general
conclusions and Pharmaceuticals and other micrlutpals in wastewater pose a new
challenge to wastewater professionals as well #setpharmaceutical industry [31].
There are several reasons that have contributdddsurge of interest. As Bruchet and
Mandra, 1994 tells that water resources will beaiicant growth-limiting factor for an
increasing number of regions, and that significamounts of the raw water used for
drinking-water production in densely populated areaay originate from wastewater
treatment plants (e.g. Berlin, Germany or PariganEe; logically lead to a more careful
handling of water resources than merely “using aimsposing” of them. Moreover,
several environmental effects of micro pollutamt$he aquatic environment have already
been documented (e.g. feminization of freshwatesh fireported by [15,
16].Pharmaceuticals in municipal wastewater represerntn@ortant focus for reducing
micro-pollutant emissions into the aqueous enviremmSince these compounds are used
throughout the year and are designed to produasfiepeiological effects on organisms
or living tissue, they are therefore also likely tause unwanted effects in the
environment. The rising potential risk of pharmdal micro pollutant in wastewater

has encouraged researchers to find a solutiori@ptoblem.



1.3 Research Goal
The main goal of this research is compare the ieffcy of the ozonation and
heterogeneous catalytic ozonation in the removahadel micro pollutant under various
operating conditions. This was achieved by perfagnseveral specific objectives
mentioned as follows
» To determine the effect of ozonation under déferpH condition in degradation
of model compound
» To determine the solubility of ozone in water #dfedent pH condition without
adding micro pollutant.
» Quantify the adsorption of micropollutant on Mry@ and Alumina support
individually without using ozone.
» Determine the effect of catalyst in enhancing tegrddation of micro pollutant
with ozone.
» Compare both heterogeneous catalytic ozonation Gawhation and estimate
which pH condition is best suitable for the treatime
As Barbara [12] has stated in his literature; @zodue to its high oxidation and
disinfection potential, has recently received mattention in water treatment technology
and is applied in order to improve taste and cobmuwell as to remove the organic and
inorganic compounds in water. Despite several aagms of using ozone, it has
following few disadvantages, which limit its apg@iton in water treatment technology:
> relatively low solubility
» Low stability in water.
> high cost of ozone production
» partial oxidation of organic compounds presemater
Due to above disadvantages application of ozonatmght not be feasible from an
economic point of view. Ozone is known to be a pduwexidant, but it reacts slowly
with some organic compounds such as inactivatechatios. Moreover in many cases, it
does not cause the complete oxidation of orgamepoainds (e.g. natural organic matter
(NOM)), which results in the formation of biodegadde organic matter (carboxylic
acids, carbonyl compounds).This, furthermore, iegplithe necessity of biological

filtration (on active carbon), which removes biodstable organic carbon (BDOC) from
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water. In order both to provide greater ozonatioocess efficiency and to optimize
economic efficiency, new methods of advanced oldahave been investigated [12].
Advanced oxidation processes (AOP) such gdH{®,, UV/O3; UV/H,0,, TiO/UV,
Fenton’s reagents and catalytic ozonation invohe generation of hydroxyl radicals,
which are active oxidative species. Free hydroxadicals are more powerful than
molecular ozone. However, their reactions are etdcsive and therefore more likely to
be hindered by competitive reactions. For thataead is also desirable to investigate
new methods based on molecular ozone reactionghwddlow for both better ozone
dissolution and stability in water. A common olpee of the AOPSs is to produce a large
amount of radicals (especialfDH) to oxidize the organic matter. Indeed, hydroxyl
radical is a less selective and more powerful aidhan molecular ozoneecently,
alternative ozonation processedalysed by transition metals have been investib&dr
degradation of organics. Literature data relatvecatalytic ozonation can be classified
according to (i) activation of ozone by metals atusion and (ii) heterogeneous catalytic
ozonation in the presence of metal oxides or metalsupport [19].

Now a day's Heterogeneous catalytic ozonation hasn considered as efficient
technology in removal of micro pollutant from wasster. Purpose of this proposed
study is to compare ozonation and heterogeneowsdytatozonation in treatment of
model compound with different experimental conditio

1.4 Research Scope

Scope of this thesis is described within these divapters as follows:

> Introduction: This chapter describes the present status of wasteywroblems
regarding the presence of micropollutants. Chaptermainly describing
pharmaceutical micro pollutants; Non-biodegradableature, and its effects on
aquatic organisms. Research objective is also ibescbriefly.

> Literature Review: In this Chapter we have given a description abdwat t
background work of Pharmaceutical micro pollutamgsvarious authors in their
literature and their valuable suggestions abostupcoming problem.

» Experimental: This whole chapter gives the detail descriptiorowbthe

experimental material, setup, analysis technigaed,equipments.

4



» Results & Discussion:This chapter emphasize on the results of thesis.
» Conclusion, Recommendation and future scope&inal conclusion of this thesis

and some important recommendation for that andfuhee scope of work are

mentioned.



Chapter -2

Literature Review

2.1Pharmaceutical pollutant in surface water and coventional
treatment
Pharmaceutical compounds are relatively hydropbgicause they have to be easily

adsorbed by humans. Their biodegradation is slogalme they are designed to have
long term effects on humans [10]has been reported in several literatures sitg/ears
pharmaceuticals and personal care products (PP@P)cansistently found in wastewater
treatment plant (WWTPPharmaceutical are organic compounds which enéeddmestic
sewage treatment plants, where they are partiaiigized and consequently introduced
into the surface water with the effluents and arenfl in ngf* to pgl™ concentration,
untreated residues of organic pollutant reachesirgtowvater. Municipal wastewater
treatment plants are insufficient to treat theseropollutants and effluent water will act
as carrier for their transportation to environmehgir potential impact on the aquatic

environment is harmful [16].

A literature has reported data from different mypat wastewater treatment plants of
Ontario, Canada employing different treatment qpnfation like lagoon, conventional
activated sludge(CAS) followed by media filtratitm know the impact of treatment on
group of Pharmaceutical and personal care prodReGP) , several conclusion which
came out regarding pharmaceutical were that somehem were found at non-
guantifiable levels, some of them were not affecea@n after long solid retention
time(SRT), several metabolites were detected andawizd that these MWWTP needs
additional attention[20]. Although the concentratievels are low but still their toxic
effects on aquatic environment cannot be ignoretl @onventional treatment methods

are need to be replaced with advanced oxidatidmtgquaes.



2.2 Model Compound Properties

Ibuprofenis a non-steroidal anti-inflammatory drug (NSAIDpdahas the systematic
name 2-(4-isobutylphenyl) propanoic acid, makingntorganic compound in the class of
propionic acid derivatives. Its melting point is ltimeg point 74 - 77° C. It is a stable
white crystalline powder, slightly soluble in watand very soluble in ethanol. Its
formula is also written (Cg,CHCH,CsH,CH (CHs) COOH, which lays out the chemical

structure of ibuprofen. Dissociation constant farprofen i.e. pKa= 4.9 [17].

COOH

Figure 2.1 Structure of Ibuprofen [21]

Ibuprofen is most commonly used analgesic due & f#ct that it can be purchased
without prescription; therefore it is most widelyad drug worldwideThis is considered

to be as persistent compound due to their condtadharge into the aquatic environment
with continuous exposure of non target aquatic migyas. Ibuprofen has been found with
its two metabolite; Hydroxy ibuprofen and carbokyprofen in Sewage treatment plant
reported in 2004 by Stefan weigal [26]. And its afetlites proves to be more toxic than
parent compound and are difficult to degrade amdctbncentration of each metabolite
depends on the location and wastewater conditibas,the presence of ibuprofen is
ubiquitous in wastewater. Its human necessity stetis no scope of making a Bann on it
but a wastewater treatment technique needs to pegtian on its release in effluent

water.



2.3 Model Compound Literature Review

There are several literatures which have reportexditathe presence of ibuprofen with
group of other pharmaceuticals in Wastewater treatnplant, surface water, ground
water, lakes and river water also. Degradation h&f biorecalcitrant pharmaceutical
micropollutant ibuprofen (IB) was carried out byveml ways reported in different
literature with their conclusion as follows:

Ibuprofen present in sewage water treated with {lysico-chemical processes,

coagulationflocculation and flotation, have been assesse@fitiancing the removal of

micropollutant. This (Kd), solid—water distribution coefficient deéd as the ratio
between the concentrations of a substance in theé aond in the aqueous phase at

equilibrium conditions, has been proposed as thet suwitable parameter [8]:

Kd=X=S 1)

Where Kd is the solid—water distribution coeffidighkg™); X the concentration in the
solid phase (mg PPCP kg sdf)dand S the concentration in the aqueous phag®PCP

kg solid®). This coefficient takes into account the two maiorption mechanisms:
absorption (hydrophobic interactions characterizgthe octanol- water coefficient Kow
value) and adsorption (electrostatic interacticglated to the substance tendency to be
ionized or dissociated in aqueous phase, whichharacterized by the dissociation
constant, pKa). Ibuprofen has lower Kd values aadehreduced to lesser extent upto
25% by this method [26].

Degradation of the biorecalcitrant pharmaceuticatropollutant ibuprofen (IB) was
carried out by means of several advanced oxidatighrid configurations; Ti@
photocatalysis, photo-Fenton and sonolysighe case of the sonophoto-Fenton process,
the IB degradation (95%) and mineralization (60%€revattained with photo-Fenton.
Complete degradation was achieved with J#&*/sonolysis and 92% of dissolved
organic carbon (DOC) removal with 240 min treattn&he advanced oxidation hybrid

systems seems to be a promising alternativifioelimination/mineralization for the



Micropollutant and have shown better treatment.aRétant micro-contaminant 1B [4].

But these methods are costly and it is difficulus® them on commercially scale.

The biodegradability and toxicity of Ibuprofen afteeatment with ozonation is studied
by Coelho in 2010, Ibuprofen of 200 mgkolution degradatioresults demonstrate that
with2.3 gL' ozone dose gave 86% degradation and 15% mindiafizéor 1 hour
ozonation treatment. At 2.3 g'lof ozone dose a stoichiometric coefficient of @@ O;
/mol IB was calculated[6].second-order rate constants for the reactions @brifen
with ozone, kG= 9.6+1.0M™ s* atpH =7 and T =20°C and was determined in bench-
scale experiment3.he low rate constants can be explained by thenalsef reactive

groups and an aromatic ring that is only slightiiaated [13].

Due to one or the other limitation of several teghas, there was needed to develop
better technique which can provide the completeattsgion of Ibuprofen including its
metabolite. These days heterogeneous Catalytic atibonis being used by several
researchers to find out its evaluation for treatftgirmaceutical micropollutant. A recent
literature of 2010 has reported the treatment @h&rmaceutical micropollutants with

heterogeneous catalytic ozonation and ibuprofemésof those micropollutants [29].
2.4 Background of Heterogeneous Catalytic Ozonation

In water treatment, the high reactivity of ozone #me active surfaces of some materials
can also be used to increase the ozonation ratan &ttempt to improve the performance
of advanced oxidation of water contaminants with tise of ozone, numerous research
studies in the mid-1990s focused on the combinegolicgiion of ozone and solid
catalysts. These systems constituted the catabgiimation of water contaminants. At
that time, however, catalytic ozonation was notesv rprocess; the use of ozone and
catalysts dates back to the 1970s [Btalytic ozonation can be considered firstly as
homogeneous catalytic ozonation, which is basedbzone activation by metal ions
present in aqueous solution, and secondly as lyseeous catalytic ozonation in the
presence of metal oxides or metals/metal oxidessopports. The main catalysts
proposed for the process of heterogeneous catalytioation are metal oxides (MpO

TiO,, Al,O3) and also metals or metal oxides on metal oxiggars (e.g. Cu-AD;, Cu-

9



TiO2, Ru-CeQ, V-O/TiO,, V-Olsilica gel and Ti@AI,0s, FeO3/Al,03). The catalytic
activity of the catalysts mentioned is mainly basedthe catalytic decomposition of

ozone and the enhanced generation of hydroxyl aéljt2].

2.4.1Kinetics of Ozonation Process

The high reactivity of ozone can then be attributethe electronic configuration of the
molecule. Thus, the absence of electrons in oriteeoferminal oxygen atoms in some of
the resonance structures confirms the electroplshiaracter of ozone. Conversely, the
excess negative charge present in some other oxsgan imparts a nucleophillic
character [5]. These properties make ozone anrmegtyereactive compound. As a result
of its high reactivity, ozone is very unstable iater. The half-life time of molecular
ozone varies from a few seconds up to few minuted depends on pH, water

temperature and concentration of organic and imocggompounds in water [12].

& ..

| e

o Yo oo
& o &

Figure 2.2 Structure of Ozone

The decomposition of ozone follows a pseudo fiostler kinetics where K' is a pseudo
first-order constant for a given pH value.

d[03]

—(532) pH = K'[0] @

At constant pH, equation (2) can be integratedgudire initial concentration of ozone,
[O3]o yield, rate constant for ozone self decompositionld be determined from slope of
relation between In([€)[O3]o) and reaction time. After integrating and reariaggand

using initial ozone concentration can be predittgd

{B[Os]oexp(-k 1) 3)
Ozone decomposition proceeds through the folloviivegstep chain reaction

10



@+ HO—20H+ 0O ky=11X 10-4M*s? (4)

©+ OH — O, — +HO, | ky=70M*s* (5)
©+'OH— O, + HO; o 02" +H' (6)
©+ HO, o 20, + OH, k=16 X 109M*s* (7)
2HO — O, + H0; (8)

The pH value of the solution significantly influessc ozone decomposition in water.
Basic pH causes an increase of ozone decompositiqrH< 3 hydroxyl radicals do not
influence the decomposition of ozone. For 7<pH<h6,typical half life time of ozone is
from 15 upto 25 min.

In water, there are several compounds that arebtapmd the initiation, promotion or
inhibition of the radical chain reaction proces$ieTinitiators (OH, H,0,/HO,, Fe&*,
formate, humic substances are capable of indutieddrmation of superoxide ion,O
from an ozone molecule. The promotersBH-OH, aryl-(R), formate, humic
substances, 4D are responsible for the regeneration of thé-@n from the hydroxyl
radicals. The inhibitors (CHCOO-, alkyl-(R), HCQ/COs*, humic substances) are
compounds capable of consuming hydroxyl radicalhout the regeneration of the
superoxide anion.

Decomposition of ozone can be significantly loweirethe presence of hydroxyl radical

scavenger due to following reactions.

'OH+0O; - O + HQ k=3.0x 100M™* s* (9)
'OH+HCQ - OH +HCO; k,=15x 100M*'s? (10)
'OH+CQ?> - OH +CO7 k=42 x 1M *'s? (11)
'OH + PO, - OH + H,PO, k< 10°M st (12)
"OH + HPQ % - OH + H,PO, kp<10'M*ts? (13)

11



2.4.2 Kinetics of Heterogeneous Catalytic OzonatioRrocess
Heterogeneous Catalytic Ozonation treatment is dbase the Hydroxyl radical
production and the efficiency of catalytic ozonatidepends to a great extent on the
catalyst and its surface properties as well as pkhe solution that influences the
properties of the surface active sites and ozorsmrdposition reaction in aqueous
solution.
Mechanism of heterogeneous catalytic ozonation
There are generally three possible mechanismstafytia ozonation in heterogeneous
systems:
» Chemisorptions of ozone on the catalyst surfacdimggto the formation of active
species which react with non-chemisorbed organileoute.
» Chemisorptions of organic molecule (associativelissociative) on the catalytic
surface and its further reaction with gaseous aeags ozone.
» Chemisorptions of both ozone and organic molecwdads the subsequent
interaction between chemisorbed species.
Alumina was shown to be an effective catalyst far 6zonation of 2-chlorophenol. The
highest efficiency (more than twice as high) ofatgic ozonation when compared to
ozonation alone was observed at neutral pH.
Manganese is an active catalyst both in the homemen(Mn(ll)) and the heterogeneous
(MnQOy) catalytic ozonation system. The efficiency of Mn& a catalyst of ozonation
process was shown for several organic compounds asicatrazine [22, 23, and 24],
oxalic acid [1, 2, 3], sulfosalicylic acid and propic acid.
It is difficult to calculate the concentration ofdroxyl radical directly in agueous
suspension so and alternative method is introdbgeelovitz and von Gunten [9].
The oxidation of a micropollutant P typically folls a second order rate law [30].
During an ozonation process, both ozone and hydlmadycals have to be considered as

oxidants:
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Ozone decay:

22 = k0305 (14)
Hydroxyl radical concentration: "QH] = R{O4] (15)
dfs]
E2 = k10, [051[S] + Ks,0p,, [2OH][S] (16)

With ks;O3 and k;"OH being second-order reaction rate constantshioréaction of the
micropollutant with ozone and hydroxyl radicalsspectively, and [g} and [OH] as
ozone and hydroxyl radical concentrations. Afteegnating equation (16) we get the

following Equation.

IN[SV[So] = -k, 0d[Og]dt - k"onJ[OH]dt 17)

- (ks 03+ks onxRc)/[O3]dt (18)

IN[S}/[So]

With [[O3] dt and][’OH] dt being the ozone and hydroxyl radical expesurespectively.
Equation (18) shows that the relative eliminatiohaomicropollutant reacting with
second-order kinetics during an ozonation procsssoncentration-independent with
regard to micropollutants concentration, as long ths micropollutant does not

significantly affect the oxidant stability.
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Chapter- 3

Experimental work

In this chapter material used in experimental warld method of preparation are
described as well as experimental procedure angitaah techniques used.

3.1Materials Used

3.1.1 Model compound and other Reagents

Model compound, Ibuprofen was obtained from Signidriéh Inc. Tert-butyl alcohol,
radical scavenger was also obtained from SigmaigidSodium thiosulphate anhydrous
(99% purity), for quenching of ozone, Potassiumydibgen phosphate ¢KPQO,) and
Potassium hydrogen phosphate @RIQy) for preparing buffer solution were obtained
from Alfa Aesar. Sulphuric acid, solution wasabed from Fischer brand.

All the stock solutions required during the expesmhwere prepared in Millipore water
of high resistivity (18 MmQ cm') obtains from Milli-Q Academic system. (Millipore

corp.)

3.1.2 Catalyst Preparation

Catalyst MNOx/A}O3 is prepared using Mn (N .4H,0 as metal precursor. Manganese
nitrate is supported on high surface area alumiia wet impregnation method. 10 wt%
Mn was supported on Alumina support 40g Mangamgsate was dissolved in 50 ml
of Millipore water and kept stirring for 1.5 h.ftAr this, 12ml manganese nitrate
solution was impregnated on 20 g Alumina suppod tren kept for drying in oven at
110°C for 10 h and finally sample was calcinatedumace for another 6h at 550°C

temperature

14



3.2 Experimental Setup

Experimental setup consists of 0zone generator @Z%zone solution). Teflon Tubing
is used to transfer ozone from ozone generatoretni-sbatch reactor. Semi- Batch
reactor during experiment is placed on magnetiaestifor continuously stirring the
aqueous suspension, there are three ports apitsn® for ozone injection to the agqueous
system by means of porous sparger in glass sewti-lvatictor, other two are used for
taking out samples using glass syringe and for yaimed ozone through ozone

microsensor (MS-08 AMT, analysenmesstechnik GmbH)

Ozone Destruction
Unit

Dissolved Ozone
Analyzer

{ \
[ = |

Reactor /
%
\

Oxygen Tank | stirring Plate ©Q |

Figure 3.1 Experimental Setup for Ozonation Experimg2a

3.3 Equipment Used

For performing experiments and analyzing sampléaingdd from experiment following
equipments and analyzing techniques are used tesggc

3.3.1 Ozone Generator

The OzZV-8 is a simple ozone generator from Ozonkitlms, Inc. Flowmeter allows

easy feed gas measurement into corona cells & dosams process.
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Principle of Ozone Generation Corona discharge is the condition created whhaigla

voltage passes through an air gap. In the caseaieoproduction, this high voltage
transfers energy for the breaking of thernlecule, allowing the formation of a 3-atom
oxygen molecule - ozone. This method is today tlstmvidely used for commercial

ozone production.

3.3.2 Semi- Batch Reactor
Semi- batch reactor is made of glass of 1.2 L aapathas three opening port at its top
used for different purpose as follows:
» One was used for continuously injecting ozone pcedudrom ozone generator to
agueous suspension by means of porous sparger.
» Other port was used for inserting syringe via rulimek to take out samples
during experiment.
» Third one was used for inserting probe which cargirsly monitors ozone
concentration in aqueous suspension.
» Semi-Batch reactor was placed on magnetic stiorecdntinuously agitating the

suspension [25].

3.4 Analyzing Techniques

The concentration and mineralization of ibuproféieraeach experiment was determined
by using following analytical techniques.

3.4.1High Performance Liquid Chromatography (HPLC)

Micropollutant concentration for each experimentsveetermined using HPLC Agilent
1200 series, Agilent Technologies Inc. using a Cb8umn of dimension 4450 mm,
NOVA PAK.HPLC is equipped with quaternary pump,a&vyum degasser, a diode array
detector Reverse phase chromatography usingeDAocGy Detector set at 220 nm was
used. Acetic acid buffer (0.1%v) and Acetonitrilextare (60:40 v/v) was used as mobile

phase with isocratic flow rate of 2 ml/min. andwb0Qul injection volume.
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3.4.2 Total Organic carbon (TOC) Analyzer

The TOC-\sH/ TOC-Vesn (TOC-V), SHIMADZU instrument has been used to nueas
the amount of total carbon, inorganic carbon andl torganic carbon present in water.
Oxidation combustion —Infrared analysis is a wideted in TOC measurement method
that has been adopted by “JIS K-0102 — Industredtewater handling”. This has been
used to determine the Adsorption effects of michopant on Alumina and Catalyst in
absence of o0zone.TOC has also been used to deterthien mineralization of

micropollutant in both ozonation and heterogenexatalytic ozonation.
3.5 Experimental Parameters

In this research we have used four parameters.

» pH of water: Different pH of water was used to estimate itdecf on
micropollutant degradation and mineralization.

» Time: Ozone production is costlier so, we need to comdide of reaction for
experiments.

» Ibuprofen Concentration: Change in lbuprofen concentration in different type
of experiment was main aim of research.

» Ozone Concentration:ozone concentration is dependent on Gas flow nate a
voltage used so for each experiment ozone condmmiravas considered
important among experimental parameter.

» TOC: Total organic carbon content of Ibuprofen iniyaland after the

experiment.
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Chapter-4

Results and Discussion

4.1 Ozone decomposition

4.1.10zone decomposition in presence of Alumina areffect of pH

Ozone decomposition experiments were carried otihenexperimental setup shown in
Figure 3.1. Experiments were carried out in batobdenin reactor containing 1 L
millipore water from Millipore system and pH levef the water was adjusted using
H.SOy, NaOH and phosphate buffer. OZV-8, (from Ozoneutsah Inc) was used to
generate ozone using pure oxygen gas feed. Ozoreswaplied continuously to the
reactor and experiment was started when ozone otaten was stabilized in aqueous
phase at 4mg/L and then Alumina (0.5g) was addékiyuo the reactor and reactor was
instantly closed. Concentration of ozone in theeags phase with time is continuously
measured using an amperometric ozone microsensorS-081 AMT,
Analysenmessstechnik, and GmbH). All ExperimentngsAlumina were run at 3
different pH levels of 2, 7 and 10 for 20 minuteghaut Ibuprofen.

Ozone Decomposition-Alumina

[O4)[O3lo
o

0.2

0
00:00 02:53 05:46 08:38 11:31 14:24 17:17 20:10 23:02

Time(min.)
®pH?2 EpH7 pH 10

Figure 4.1 Ozone decomposition in presence of Alumii@],= 4mg/L, IB;=5 mg/Land
alumina 0.5 g at pH 2,7 and pH 10
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Effect of pH:

Ozone is unstable compound with a relatively shnadf-life and decomposes faster,
Ozone decays in water under drinking water conattiqpH: 6-8.5), partly in reactive
OH-radicals. Therefore, the assessment of an gqz@uess always involves the reactions
of two species: ozone and OH-radicals, when pH evahcreases formation oOH
radical increases. In a solution with a high pHuealthere are more hydroxide ions
present. These hydroxide ions act as an initiatortie decay of ozone. As stated by

Hordern [12] ozone decomposition kinetic dependpldrof water.
£&0OH - HO, + O, (29)

@+ HOr > OH+ O, "+ O, (20)

Only 7.5% decomposition was found at pH 2 in presenf Alumina according to
experiment and at pH 7 and pH 10 there is no odesemposition and reason for ozone
rise for pH 10 from Figure 4.1 is not clear. Thigperiment shows that there is no

significant effect of Alumina in ozone decompogitio

4.1.2 Ozone decomposition in presence of Cataly$fii/Al ,O3) and
effect of pH

Ozone decomposition Experiments were carried ouriguthe same procedure as for
ozone decomposition in the presence of aluminaal@dtwas used instead of Alumina.
Water was set at four different pH levels from pkb2H10. According to literature it is
assumed that catalyst performs dual function; esxeof ozone dissolution and initiation
of the ozone decomposition reaction. Three phasesiraolved in the process of
heterogeneous catalytic ozonation: gaseous, ligndisolid phase [12]. As reported by
the process of aqueous phase ozone decompositicassen of metal and metal oxide is
affected by adsorption and desorption ability oé tbatalyst towards £ activity of
oxygen species and desorption ability of. The order of aqueous ozone decomposition
on MnGQy/ Al,O3 is 0 with respect to ¥0 [12]. So other authors concluded that catalytic
ozone decomposition depends on a great extent ornvgtk of the solution. The

following reaction mechanism has been proposed{éie S is the catalyst surface.
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For pH 2-6: following reaction mechanism
&S - OGS
S o 0-S+Q
£&0-S o 20+S
For pH > 6: following reaction mechanism
OHS - OH-S
0O;+0OH-S & 'O3-S+OH
‘0-S o '0-S+Q

P'0-S » & +S+Q

(21)
(22)

(23)

(24)
(25)
(26)

(27)

O, decomposition-Catalyst

I .2 AAAAA
CQCQAAAAAAAAAAAAA A
AAAA
1 AA

Time(min.)

¢pH 2 mdeionized water ApH 7 XpH 10

spEaaREEEEE
NiNpggayEanEgeEEEEEEEREEEREEEREER
o 0.8 A mvv"vov";v...g.gMAAO&A}II&IA‘A’I Y & SRR XLIRIAELLA AKX
'gi IO EE6660000000000000000000000506000
= 0.6
S
= 04
0.2
0
00:00 07:12 14:24 21:36 28:48

36:00

Figure 4.2: Ozone Decomposition in presence of Catalyst];€24mg/L and 0.5 g Catalyst pH

2, 7 deionized water and pH 10
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Effect of pH:

There is just 25% decomposition at pH 2 in 30 nmesutAs pH increases ozone
decomposition in the presence of catalyst decreadegpH 7 and deionized water
negligible ozone decomposition was observed. Butlksline pH there is 17.4% ozone
decomposition. This may be due to hydroxide ionat tact as initiator for ozone
decomposition. From Figure 4.2 it is clear thattie presence of catalyst ozone
decomposition was comparatively better than alumina

4.2 Adsorption of Micropollutant

4.2.1 Adsorption of Micropollutant on Alumina and Catalyst

Adsorption experiment was carried out in a glasskbe of 1.2L at room temperature.
Adsorption test of Ibuprofen on alumina and cataly®re conducted using three
different buffer levels of, pH 2, 7and 10 usingS&,, phosphate buffer and NaOH. In
each experiment 1g alumina was used in 1L solutiorstly buffered water and 1g
alumina were mixed thoroughly using magnetic Stimethe beaker and then Ibuprofen
was added to the beaker and then, ibuprofen irgbakentration was 5 mg/l in beaker
and the experiment were run for 90 minutes. Samgfl@s ml were withdrawn from the
beaker; these samples were passed throughu®.4bembrane filter and then analyzed
using HPLC and TOC. Same experiment was conductetyulg catalyst instead of

alumina.

Adsorption is a surface phenomena and active site ipart of surface which is

particularly good at adsorbing solutes and helpivegn to react. Interaction between the
surface of the catalyst and reactant molecules lwmake them more reactive is
important. But from above experiment and two typésnalysis, HPLC and TOC we

found no adsorption on surface of alumina and gsttaFrom HPLC analysis there was
no significant change in Ibuprofen concentrationl OC also showed no change in
TOC of Ibuprofen.
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4.2.2 Effect of pH

There was no difference in results for the expenisiedone at different pH level
therefore pH does not show any affect on adsorptibibuprofen on alumina and

catalyst.
Alumina adsorption-HPLC Analysis
1o g o @ 3 4 4 4 ) 4 ) 4 b4
B [ ] [ ] [ ] L
08 5 =
29 0.6
S~
2 04
0.2
0
0 20 40 60 80 100
Time(min.)

Figure 4.3a: Alumina Adsorption-HPLC analysis, no ozone, usiggalumina

Alumina Adsorption -TOC Analysis
1o 3% ¥ @ @ © ¢ @ ®

0.8

o
)}

TOC/ITOC,
o
D

©
N}

o

0 20 40 60 80 100
Time(min.)
¢pH=10 EpH=2 ApH=7

Figure 4.3l Alumina Adsorption-TOC analysis, no ozonge#Bmg/L using 1g alumina
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Catalyst Adsorption-HPLC Analysis

1m A A 4] A A, 4] A A
> * ° N S * S 3 *
0.8
o 0.6
o
D 04
0.2
0
0 10 20 30 40 50 60 70
Time(min.)
®pH2 WmpH7.4 ApH10

Figure 4.4a:Catalyst Adsorption-HPLC Analysis,iB5mg/L no ozone, using 1 g catalyst

Catalyst Adsorption-TOC analysis

1.00 ﬁ
0.80 ‘ ! ‘ ‘ ‘ ‘ ‘
3 0.60
e
8 0.40
|_
0.20
0.00
0 10 20 30 40 50 60 70
Time(min.)

®pH-2 HpH-7.4 ApH-10

Figure 4.4b: Catalyst Adsorption-TOC Analysis,é8 5mg/L, no ozone, using 1g catalyst
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4.3 Ozonation of Micropollutant

Ozonation experiments were carried out in 1.2L deatch glass reactor at room
temperature (23£.5°C). Ozonation experiments were similar to the gotsam
experiment except for addition of ozone. Ozone \gas added continuously to semi-
batch reactor which was completely enclosed. Ozwae added to the prescribed buffer
water until initial ozone concentration in liquidhgse was 4 mg/l. ozone concentration
was adjusted using voltage and @as flow rate, when £concentration was stable in
liquid phase then Ibuprofen from stock solution \adsled to the reactor and reactor was
instantly closed. Initial concentration of ibuprofen ozonation experiment was 5 mg/I.
Samples from the experiment were collected at §ipdiche intervals and, quenched with
0.2 ml NaS,0s.

One of the experiments was done using tert-butgdtadl (8.3%10* or 60mM). Tert-
butyl alcohol has scavenging effect on hydroxyligaldas ozonation takes place by chain
reaction so tert-butyl alcohol is used as radicalenger. The concentration of Ibuprofen
was measured using HPLC.

Ozonation pH7-HPLC Analysis
18 g
[
0.8 -
o 0.6
a . u
D 04 . ¢
¢ ]
0.2 -
L 4 " om g
0 — V00000006 ¢
0 5 10 15 20 25 30 35
Time(min.)
¢No TBA, O3=4ppm Bwith TBA, O3=4ppm

Figure 4.5a:0zonation at pH 7, I§& 5mg/L, [G;],=4mg/L
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Ozonation pH 2-HPLC Analysis

14
0.8 A
‘ﬂ ‘AA. Eg -
.06 | X A .
o XX ® ‘ A
= X
X X ¢
0.2 X
0
0 5 10 15 20 25
Time(min.)

¢ with TBA, O3=4.5ppm Eno TBA, 03=0.96ppm Ano TBA,03=2ppm Xno TBA, O3=4ppm

Figure 4.5b: Ozonation at pH 2,18 5mg/L, at different ozone concentration with avithout

TBA

Ozonation pH 10-HPLC Analysis

1m
0.8 r 5
o 0.6 * 3
Q *
9 04 L4
0.2
0 B g n O O
0 2 4 6 8 10 12

Time(min.)
¢ With TBA, 03=2.86ppm ®no TBA, O3=0.56 ppm

Figure 4.5¢c ozonation at pH 10, & 5mg/L, using TBA and without TBA
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Table 4.1: Comparing ozonation at different pH

pH [Os]o (ppm) Reaction (1B- TOC(%
time(min.) IB)/IBo*100 removal)

2(with TBA) 4.5 22 70% -

2 0.96 8.31 35.4% -

2 2 8 46 -

2 4 22.06 77.2 39

7(with TBA) 4 28 94 -

7 4 3.31 100 49

10 0.56 4 100 58

Comparing Ozonation at pH 2, pH 7 and pH 10

Ibuprofen initial concentration in each experimeas 5mg/L.

» If we compare the ozonation of ibuprofen at pH ingdBA and without TBA

than result for without TBA was better as compaeavith TBA, but ozone is
not very stable at pH 7 as TBA is a radical scaee@gd in ozonation there are
two oxidants, one is £and other is hydroxyl radical and due to presevfce
radical scavenger only ozone is present for oxatlaéind hydroxyl radical also
act as initiator in ozone decomposition, therefpresence of TBA lowers
whole activity of oxidation.

100% degradation efficiency is achieved in 3.31uterreaction time and 49%
mineralization but better mineralization of 58% ashieved at pH 10 in 4
minutes time.

When we compare pH 2 and pH 7 results we foundpgHaf is more favorable
for only ozonation of ibuprofen.

In experiments of pH 10, same pattern is obsema=ailts without TBA is much
better than with TBA, there is difference in init@ncentration of ozone with
TBA and without TBA, the expected reason for thesthat at pH 10 more
hydroxyl radicals are produced s@ @oncentration is less in case of without
TBA as it scavenges all hydroxyl radicals and areperetric device reads more

ozone concentration than with TBA’s experiment.
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» In experiments of pH 2 Ozone concentrations shaoldbe low, when we used
0.96 ppm ozone concentration results were not goobwhen we used 4 ppm

O; it has affected the degradation efficiency of Itmien. And ozone is more
stable at lower pH.

Ozonation only-HPLC Analysis
1% VS
L 2
0.8 %X V'S
S X
° 06 | ®g, » X &
@ A®
2 4 *e A "
. ] * A
0.2 . e
0 " — s msss 8= = =
0 5 10 15 20 25 30 35
Time(min.)
@ pH7, with TBA, O3=4ppm EpH=7,no TBA,03=4ppm ApH=2,with TBA,03=4.5 ppm
XpH2, no TBA, O3= 0.96ppm XpH2, no TBA, O3=2ppm ®pH2, no TBA, O3=4ppm

Figure 4.6 Comparing Ozonation at pH 2 and pH ##Bmg/L, different ozone concentration

4.4 Catalytic Ozonation of Micropollutant

Catalytic ozonation experiments were carried oumilarly as ozonation, the only

difference was that a given amount of catalyst a@dded to the reactor before adding
Ibuprofen to the reactor. Catalytic ozonation wasied out at different pH 2, pH 7 and
pH 10 using different amount catalyst dose and emamcentrations.
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Table 4.2: Comparing heterogeneous catalytic diimma

pH [Os]o(ppm) | Catalyst | Reaction | (IB-1B 0)/IB*100(%) TOC
Dose(g) | Time(min.) removal(%)

2 0.91 0.5 9.39 63.8 -

2 2 1 8 42.6 -

2 4 1 16 100 37
2(with 4.5 0.5 30 85 -
TBA)
7(with 4 0.5 25 93 -
TBA)

7 4 1 3.31 100 39
10(no 0.45 1 10 100 83
TBA)
10(with 2.80 1 20 85 -
TBA)

1o Catalytic Ozonation pH 7-HPLC Analysis

0.8

L 2
d_]o 0.6 2 V'S .
@ g4 ) MR
4
2
0.2 " * o .
¢ 2
O e o o B T e I e 1 e o B B o ——
0 5 10 15 20 25 30
Time(min.)

@pH 7,with TBA, 0.5 g,03=4ppm = pH 7,No TBA, 1 g,03= 4ppm

Figure 4.7a catalytic ozonation at pH 7, [{3= 4mg/L,IB,= 5mg/L
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L% Catalytic Ozonation pH 2-HPLC Analysis
0.8
o 0.6 [ ]
m X Ty,
ia X - [ )
= 04 X [ ] | ] ¢
X *
0.2 X *
X ¢ .
X
0 5 10 15 20 25 30 35
Time(min.)
¢ pH2,withTBA, 0.5 g,03=4.5 ppm EpH2,no TBA, 0.5 g,03=0.91ppm
pH2, no TBA, 1g, O3=2ppm xpH2, no TBA, 1 g, 03=4ppm

Figure 4.7b: Catalytic ozonation at pH 2,§85mg/L, different ozone concentration
Comparing pH 2 and pH 7:

» Two experiments were conducted at pH 7 one usingy @id other without TBA.
Micropollutant removal for catalytic ozonation watlt TBA was significant than
with TBA even after the ozone concentration was osimsame in both
experiments. This implies that Tert butyl alcotwirihibiting the hydroxyl radical
which was responsible for oxidation of micropolhttaTherefore reaction rate is
slow, other reason for low efficiency could be loatalyst dose (0.5 g).

» For pH 2, four different catalytic ozonation expeents were carried out with
different conditions. Results for without TBA expeent was again no good for
pH 2 compared without using TBA’s experiment result

» Catalyst dose plays an important role, low catatiste shows poor efficiency,

and minimum 1g catalyst must be used for bettexlytt ozonation efficiency.

» Ozone concentration itself was important, low ozepacentration slows down
the degradation rate of micropollutant, reactiometiincreases. 4ppm ozone

concentration shown good results for catalytic @iom.

29



Manganese is an active catalyst both in the homexmen(Mn(ll)) and the heterogeneous
(MnO,) catalytic ozonation system. The effectivenesMpO, as a catalyst of ozonation

process was shown for several organic compounds &sicatrazine, oxalic acid, pyruvic

acid,N-methylp aminophenol, sulfosalicylic acid and propionic a@d, 3].

Ozone can also oxidize reduced species =Mn(Il)agaar=Mn(Il) [1].

=MH)aq _ % =Mn(lll, IV)OH," (28)
=Mn(I) _%; =Mr{lIl, IV)OH," (29)
H.O

The efficiency of manganese-catalyzed ozonationeases with decreasing pH of the
solution. The observed dependence of the systectiviéa upon pH can be related to the
negative influence of this parametttre charge of the oxide surface strongly depends on
pH. The observed decrease of the system reactivitgcesfy marked in the pH range
4.1-6.0 is consistent with the decrease of the eatnation of the surface sites Mng/H
Therefore support from literature shows that catalgr our experiment has also shown
better results at low pH value than at neutral pi¢ tb the reduction of active sites at

catalyst surface at natural pH in comparison ta2pH
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4.5 Comparison between Ozonation and Heterogeneou€atalytic

ozonation

pH 2-HPLC Analysis

1%-‘:‘ * ] 9 | ® ® L 2

08 —¢

Pas

X &
02 X

X
0%

0 20 40 . .60 80 100
Time(min.)
® Adsorption alumina(1g) ®Adsorption Catalyst(1g) A Ozonation x MnO2/AI203(0.5 g) with TBA xMnO2/AI203(1g)

Figure 4.8a comparing HPLC Analysis of different conditiortgpid 2,1B=5 mg/L,[O;]=4
mg/L

pH 2 with different conditions with HPLC analysis:

Comparing the HPLC Analysis of different experingeat pH 2 has showed that best
degradation efficiency for Ibuprofen was achieveceterogeneous catalytic ozonation
in comparison to only ozonation and best resultevebtained when at least 1 g catalyst
was used and initial ozone concentration was 4fphg catalyst seems to be insufficient

amount for heterogeneous ozonation.

pH 2 -TOC Analysis
1%
= L K 4 L 4
0.8 & t LI ] * * ) 4 L 2 R 2 Py
) X
X % «
@o 0.6
Q o4
0.2
0
0 20 40Time(min) 60 80 100
¢ Adsorption Alumina(1 g) ®Adsorption Catalyst(1g) 4 ozonation XMnO2/AI203(1g)

Figure 4.8k Comparing TOC Analysis of different conditionpd 2,1By= 5mg/L,[O;];=4mg/L
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pH 2 at different conditions with TOC analysis:

Mineralization results were not very significant fouprofen, but when we compare only
ozonation and heterogeneous catalytic ozonatiowethdittle difference from ozonation.
so there is still some carbon content present itemeven after experiment but reason for
this was still unclear, byproducts of ibuprofen expected to be still present in water.

pH 7-HPLC Analysis
1 #—x—x X * 78 X * X X X
0.8
o —
0 0.6 a
D 04 =
(]
02 |[-X
]
0 | Seeeecesec<—=
0 20 40 _. . 60 80 100
Time(min.)
¢ Adsorption catalyst (19) mOzonation MnO2/AI203(0.5g) with TBA
XMnO2/AI203(19) X Adsorption Alumina(1g)

Figure 4.9a Comparing HPLC Analysis of different condition@i7,I1B,=5mg/L, [Os];=4mg/L

For HPLC analysis pH 7 shows no difference in ooipnation and heterogeneous
catalytic ozonation, This fact is supported byrétere in section 4.4 of this report as
catalyst is not showing any activity at natural @it still this reason is not sure as there
are lot of factors according to [12] that affecistatytic activity and water matrix

obviously plays the major role
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pH 7 -TOC Analysis
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¢ Adsorption Catalyst(1g) ®Ozonation MnO2/AI203(1g) x Adsorption Alumina(1g)

Figure 4.9b: Comparing TOC Analysis of different condition &tf) 1B;=5 mg/L,[Os](=4mg/L

According to TOC results better mineralization wastained for only ozonation in
comparison to heterogeneous Catalytic ozonatiolwsinows that catalyst no activity at

pH 7. No significant adsorption of Alumina and Qgtawas obtained.

pH 10-HPLC Analysis
A EEEE w5 ¥ ¥ ¥ + ¢ o

0 20 40 60 80 100
Time(min.)

@ Alumina adsorption(1g) M Adsorption Catalyst(1g) A ozonation, no TBA X Mn0O2/AI203(1g)

Figure 4.10a Comparing HPLC Analysis of different condition &30, IB,=5 mg/L
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pH 10 different conditions with HPLC analysis:

There is no adsorption at pH 10 with alumina anthlgat both. Degradation efficiency of
ibuprofen is same for both ozonation and catalgtionation for HPLC analysis. No change in
carbon content is observed for pH 10 with TOC asialybut results for mineralization with
catalyst at pH 10 were best compared to all otteii.@. 83 % mineralization, this behavior is

expected due to more no. of hydroxyl radicals aoelpced at pH 10 an@®H is more powerful

oxidant than @itself.

TOC/TOC,

pH 10-TOC Analysis

0.8
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Figure 4.100 Comparing TOC Analysis of different condition at i 1B,=5 mg/L
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Chapter-5

Conclusion & Recommendations for future Research

5.1 Conclusion

In this research ozonation and heterogeneous tiatalyonation were used to remove

pharmaceutical micropllutant, ibuprofen from thédeatory based solution. From the

several experiments with different conditions ameirtanalysis, following conclusion can

be drawn:

>

The removal efficiency of wastewater treatment méphie depends to a greater
extent on the wastewater characteristic like pldpsunded solids, COD, TOC etc.
we have chosen pH as one of the water charactetgstiarry out laboratory scale
experiments. We have used water at different ppH27 and pH 10. Results of
all those experiments conclude that removal efficyeof wastewater treatment
technique depending alot upon pH of water.

From the ozone decomposition experiments at diftepéd, it tells that as pH of
water Increases ozone concentration in water deesehut at same time it is
expected that ozone gets converted into hydroxditad, but it is difficult to have
high concentration of ozone at alkaline pH. Ozowacentration is however
important factor for oxidation of micropollutant.

For ibuprofen there is no adsorption on the surtdaumina and catalyst. There
was very little adsorption on catalyst for pH2rpH 7 and pH 10 there is no
adsorption on catalyst surface and for alumina atsadsorption.

Mineralization of ibuprofen was best obtained at p®ifor both ozonation and
catalytic ozonation as compared to pH 2 and pH ut. igterogeneous catalytic
ozonation showed best, 83% mineralization at pHabd this is due high
concentration of hydroxyl radical at pH 10. Thereftnydroxyl radicals prove to
be stronger oxidant than ozone alone.

However the result showed by HPLC analysis for degtion of ibuprofen at pH
2 for heterogeneous catalytic ozonation were vepodg but at similar

mineralization results were not very effective $ame experiments so byproducts
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of ibuprofen were expected to be present in samfiesve cannot depend on one
type of analysis. We have to go for other typeardlysis also which can gives us

information about it’s by products.
5.2 Recommendation for Future work

This research for pharmaceutical micropollutantwastewater using ozonation and
heterogeneous catalytic ozonation needs more éetsildy and experimental actions to

get better facts. Therefore following are recomnagioa for future work.

» Catalytic ozonation for lbuprofen must be tried twiither catalyst also .Also
regeneration of catalyst should be considered faking this technique cost

technigue cost effective.

» Degradation and mineralization of byproducts ofpitlmien should be investigated

in detail as there is no good evidence about byprtsd

> Wastewater from lake water, river water and WWTBu#th be considered for

heterogeneous catalytic ozonation of Ibuprofen.

» Others analyzing techniques should be used forapadiutant.

» Heterogeneous catalytic ozonation should be peapdsr continuous process

also and its efficiency should be evaluated
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APPENDIX A

Principle of Ozone Generation Corona discharge is the condition created whigigla
voltage passes through an air gap. In the caseasfeoproduction, this high voltage
transfers energy for the breaking of theriblecule, allowing the formation of a 3-atom
oxygen molecule - ozone. This method is today tbetwidely used for commercial
ozone production

2 HEAT

—— ELECTRODE
—— DIELEGTRIC

DISCHARGE
69 02—» GAP —»03

; HEAT

—— ELECTRODE

Figure Al: Corona discharge cell configuration

The amount of ozone produced together with theieficy and reliability of that
Production are directly related to a number of fexyors the main ones being: -(ref.
Wayne Smith)

» Feed gas quality

» Power input.

» Generation module construction

» Temperature
This Ozone Generator can produce 8 g/hr ozone iy 8 LPM oxygen. Dry air can
also be used to produce up to 4 g/hr. Slower flates produces less ozone at higher

concentrations
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This chart shows the performance of the OZV-8 Ozawe Generator on oxygen
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Figure A2: OZV-8 Performance Chart on Dry Air
(Reference: User Manual of ozone solution)
The chart shows the output with very dry air feed.gDzone production increases (blue
line) and ozone concentration decreases (black éimélow rate increases. The black line
corresponds with the left y-axis and the blue tneresponds with the right y-axis.
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APPENDIX B
Important parts of HPLC

Pump: The quaternary pump comprises a solvent cabineicaum degasser and a four
channel gradient pump. The four channel gradiemhgpwomprises a high speed
proportionating valve and a pump assembly. It mlesi gradient generation by low
pressure mixing Degassing is a must for low presguadient system therefore Agilent
1200 series vacuum degasses is a part of quatepoany system. A solvent cabinet
provides enough space for four one liter bottles. #ctive seal wash (optimal) is

available where the quaternary pump have used otmated buffer solution.

Vaccum DegasserThe Agilent 1200 series vacuum degasses model G¥,32nprises

a 4- channel vacuum container, including four tabylastic membranes and a vacuum
pump. When the vacuum degasser is switched orgathieol circuit turns on the vacuum
pump which generates a partial vacuum in vacuuntagugr. The pressure is measured
by pressure sensor. The vacuum degasser maint@mattial vacuum by turning on and
off the vacuum pump depending on the signal frommghessure sensor. The LC pump
draws the solvents from their bottles through thecgal tubular plastic membrane of the
vacuum container. As the solvent pass through #teiwm tubes any dissolved gas in the
solvent permeates through the membranes into tb@uwa container. The solvents will

be almost completely degassed when leaving thetsuif the vacuum degasser.

Thermostat: The Agilent 1200 series thermostatted column cotmpant are stackable
temperature- controlled column for LC. They areilabde as standalone modules or as a
component of a Agilent 1200 series system. Theyuaexl for heating and cooling to

meet extreme requirements of retention time repodulity.

Peltier heating and cooling from 10 degrees belgto 1BB0° C (G1316A) or 100°C
(G1316BSL/G1316CSL plus) with high heating and oaplspeeds for maximum

application flexibility and stability.(ref: user &uals of Agilent technologies)
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APPENDIX- C

Ibuprofen Calibration Curve:

Ibuprofen calibration curve is prepared using HRAr@lytical techniques. Five different
concentration of Ibuprofen used 0.1, 0.2, 1, 5p6.

Ibuprofen Calibration curve
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Figure A3: Ibuprofen calibration curve
S.No. IB Concentration(ppm) Area(mAU*s)
1 0.1 49.57
2 0.2 107.50
3 0.5 276.86
4 1 567.12
5 2 1188.05
6 5 2688.02
7 10 4869.78
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