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Abstract

This work describs the adsorption and photo catalyticdegradationof
aqueous 2-chlorophenol (2CP) contaminant using nano sized ZnO
semiconductomhoto catalyst The ZnO particles ar&rappedinto solid
natural clay particles, producing a new highly activd aasyto recover
ZnO catalyst system. The degradation was performeder direct sun
light. This researchinvestigatesthe effect of sensitization on the
photocatalytic efficiency The prepared ZnO and prepared ZnO/natural
clay systems were characterized by salenethods, wch as FAIR, UV-
Visible, Photolumiimscence SEM and XRD which confirmedhe ZnO
formation in the composite catalyst. High Performance liquid

chromatography was used to study tRehlorophenol adsorption and
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degradation.The results showechat the2CP photodegradationon the
sensitizedZnO/clay occurred with highesactivity (~64% + 0.01) loss of
2CP compared with ZnO/Clay composite catalyst (~56%01) loss of
2CP under direct sun lightundernatural conditionsEffects of different
reation parameteronto photo degradation reaction of 2CP by natural
clay’ZnO catalyst havalsobeenstudied.The ability of catalyst recovery
and reuse in photoatalytic reactionsvas also studiedthe reovered
catalyst showed lossfficiency (~41%) of 2@. Attempts were made to
regenerate efficiency of recovered catalyst by adding new dye molecules.
When calculating relative catalytic efficiency, in terms of turnover
number, all recovered and regenerated catalysts maintained original

efficiency of fresh amples.
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Chapter one

Introduction

1.1 Overview

Amongthe various known typesf pollution, water pollution is of a great
concern since watas the primenecessityof life. Only 0.02% of the total
water on the eartlsurface is suitable for drinkingncreasedndustrial,
agricultural and domestic activitiémve resulted in wastewater containing
differentof toxic pollutantq1-4].

There are nmay types of watecontaminarg includingchemicalpollutants,

biological pollutants and radiation pollutan@rganicchemicalpollutants
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transfer to the environmettientransport to the water supply, accumulate
in largeamouns andserveas sibstrates fomany microorganisms [5]
A number of methodologies with varying degrees of success have been
devdoped tomanagewater pollution. Some of them involve coagulation,
filtration, ion exchange, sedimentation, electrolysis, disinfection and
chemical precipdtion. However, these methods have their own
shortcomings and limitatior{6-7].
Recently application of advanced oxidatiomgzesses using solar energy
hasbeen established for the purificatiohwater from many contaminants

[8]. Such processes emplepecial phot@atalystsystems in their strategy.

1.2 Catalysts

A catalystis defined adia substance that increases the rate of a chemical
reaction without being consumed in the reaction and without affecting its
equilibriumo [9-10]. Catalyss can be prpared by severalperations such

as decomposition, reduction, impregnation and precipitatitjn Catalysts
areused inmost industrial chemical procesdd®], and areclassifiedas
homogenougsuch as most organometallicsr heterogeneouésuch as
pellets with high surface argananoparticlesof metal oxides Ti@ and

ZnO[13, 14 and layered structuseclay, and others)15-17].

1.3Clay
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Clays are the class of phylosilicates with colloidalydaed hydrous
aluminosilicates [1B Clay structureconsiss of multi-layers of octahedral
and tetrahedral sheetd9, 2Q. As shown in figure (1.1)the silica
tetrahedral layemvolves silicon atons that arelocated in the centsiof
tetrahedraht equivalent distances from four oxygen atoms. As a result of
arrangement of tetrahedronshexagonal network appearsinitely in two
directionsto form silica tetrahedral shedfl9, 21]. Octahedral sheets
involve closdy packed oxygemand hydroxyls. Different types of cations
in octahedral sheets produce many typesheets. For example gibbsite
sheets contain aluminum cations while in brucite sheets the cations are

magnesium.

. Oxygen Magr}e-swm o Layer of octahedra
aluminium

Figure (1.1): The structure of clay mineral
Clays are stacked in polymeridrhedraland octahedral layerd he layer
types depend onumber and arrangement of these sheets and on type of
cations between them such as (Rid-e?, Na and K) [22]. Examples of

clays are
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1- Kaolinite 1:1 clay mineral, Figure (1.2Llay with one tetrahedral sheet

and one octahedral sheet per layer.

Figure (1.2): Structure of 1.1 clay minefrgkaolinite) showing one tetrahedral sheet

and one octahedral sh¢28].

2-  Montmorilloniteis a2: 1 clay mineral, Figure (1.3Yhe clay has

two tetrahedral sheets and one octahedral sheet per layer.

¥ Cationic specious
@ H,O molecules

Figure (1.3): Structure of a2: 1 clay mineral (montmorillonite) showing two

tetrahedral sheef23].

1.31 Catalytic Application of clay
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In the clayframeworks,there are exces® negative chargesyhich are

equaledoy other free positive chargeshd chargesause afhity for water

andother polarsolvents 0 be trapped i24,85. Thesec!| ay o
charges facildte reactionsby activating different molecule€avities and

layers may also increasate of reactions by forcing the reactant molecules

to collide insde cavities. Clays athus used as heterogeneous catalyst

as supports for catalysts. Clays abso used in waste management

facilities [17], health care products and therapeutic prod&ss [

1.4Phenols

Phenolis a white crystiéine soid. It is anorganiccompound with the
molecular formula (€HsOH), sometimes called carbolic acitt. has
moderate solubilityn water B, 7] and may exist in surface and tap water
for long time without beinghiodegradd. Phenoland its derivatives are

toxic and known as human cacogeeaven at low concentratief27, 29.

1.4.1 2-Chlorophenol

Also known as2-hydroxychlorolbenzene2-chlorophenol 2CP is an
organic derivative of phenol It is weakly acidic, colorlesswith

unpleasant ordefp, 3Q. 2CP structure is shown in figure (1.4) [31].
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OH

Cl

Figure (1.4): Structural formula of Zhlorophenol.

2-Chlorophenol hasnedium solubility (2 g/100 ml)in water compared
with phenol (8.5 g/100 ml)due to the bond with CI. It nyaenter the
environment and watevhenused in dyes, pesticides abdctericide. It
sticks to soil and sediments at the bottom of lakes, rivers and str@ams |
35].

Most chlorophenda are highly toxic and cause long term effects to the
environmentand damagergans such as kidney, liveand immune system

[31, 34.

1.5 Adsorptions

Adsorption is a simple, low cost, highly efficiesutd extremely important
process. It has practical applications in technology, environment
protection, biological and industrial field37).

Adsorption is galing attentionas one of the most useftéchniqus for
treatment of industrial effluents containing toxic materials and removing
them from solil, air and wate3§]. It is a process which includes the
transfer of the solute from the sbbn to the surfae of asolid material

[39]. Adsorption isan important step imany catalytiaeactiors. Different
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adsorbents were widely used such as<]49], montmoronillite A1, 43,
kaolinite |41], soil [43, 44, carbon nanotubeg}], aluminum oxide 46,

and grapeneoxide @47].

1.6 Photo-catalytic degradation

Photocatalysisisdef i ned as the Aspeeding up
presence o f[10].alt i @ prantising technique for many
applications of solar light.

Catalysts are classified basedtba phase of the catalyst used, as:

1) Homogenous photoatalyst: the medium of the reaction and the
catalyst had the same phase, such @one and photo
FentonsystemqFe" and F&/H,0;) [48].

2) Heterogeneous photmatalyst: the catalyst has differgsttase from
that of the reactantsuch as most semiconductors (7,i@nO, and
Fe0s).

Photo catalytic degradation israpidly expanding methofbr wastewater
treatment[49]. It is an efficient process for the degradation of toxic
organic compourgl from water intomineral speciessuch as C® and

other$50-52].

1.7 Semiconductor

Is normally a solidmaterial [53, with an electrical conductivity between
corductor and an insulatd54, 53. Semiconductors contaitwo energy

bands, one of the highest occupied valance energy band (VB), which is


https://en.wikipedia.org/wiki/Fenton%27s_reagent
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completely filled with electrons. The lowasgtoccupiel conduction energy
band,is empty of electrons (CB).
Semiconductors amidely usedin many applications for example, pheto
catalysis of water, purification of soil, water and aind disinfection frm

micrograns drugs and other pollutants.

1.7.1Semiconductor photo catalyst

It is an important technologyhat rapidly expands for the maoval of
organic pollutard from water [5658]. In the presence of a phetatalyst
(ZnO), each band in the semiconducfuroto catalysthas a different
energy levelThevalance ban@VB) is the highest filledenergyband and

the conduction bandCB) is the lowestempty energyband [59]. The
energy bandjapseparates the VB and the CB.

When alsorption of photon with energy greater than the energy of band
gap occurs excitation of elecons occurs from the (VB) to théCB),
leaving a hole (i) in VB and & electron in CB. These separated holes and
electrons transfer to theemiconductor surface and reawfth other
species The holes reactvith a reducible species to produce an oxidized
product, and the excited electrons reaeith oxidants. This series of
reactions degrades organic pollutant molecules to give, GeD, and

other minerals figure (1.5) [60]



26

Figure (1.5): How semiconductor pho catalyst reactionccurs[60]

The basic reactionsf degradatiomprocess are shown below
ZnO + photorY  *+¢€ h
H,QY H* + OH
h*+OHY OM
h*+HO0 VY *HOHA
e+0,vY Of
20 +H'Y 2 GHO
H.0,+ p h o Od ON
Organic + OB + O, Y  C,® H,0 + otherpossibleminerals
[61].

1.7.2Zn0O semiconductorphoto-catalyst

(1.1)
(1.2)
(1.3)
(1.4)
(1.5)
(1.6)
(1.7)

(1.8)
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Zinc oxideis a white inorganic, fia insoluble power with the formula
ZnO [55, 62], widely used in many applicatisrsuchas semiconductor
devices, additive materialin glass, paints, pigments, food, batteyiaad
others B3, 64]. ZnO is a promising semiconductor mostly used as a
powderphotacatalyst due to its highly photo sensitivitgw cost,strong
oxidizing power, sthility and nontoxicity [6%. It has wide bandga
(3.2¢V) that demands UV light ~38@m. Therefore, ZnO has been used as
a semiconductor photoatalyst for the degradah of pollutants in water

unde UV or directsun light[64].

1.8 Sensitization

In order to improve zinc oxide properties as semiconductor and photo
catalyst under solarisible light; studies have been made to sensitize ZnO
by adding another element ro compound. Using small band gap
semiconductopatrticles(such as CdSis not an alternate, because they
are unstabland degrade into hazardous ions of'Goins [66].

Many synthetic sensitizersare classified asenvironmentally hazardous
(such as Ru I==d dyes]14]. Thereforenatural dyesare being proposed

as sensitizers in solar cellslue to their satg, low cost and ece

friendliness [13]. Examples of natural dyes arearotenoids [6]f
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chlorophyll derivatives ah related natural porphyrins [68]and
anthocyanis [69].
Anthocyanirs occur in all tissues of plants, including leaves, stems, roots,
flowers, and fruitsAnthocyanis have been shown to act as a "sunscreen”,
protecting cells from higlight damage by absorbing bhggeen and UV
light, thereby protecting the tissues fraide effect§70].
Anthocyanin is asafe low cost dye, available, easy to extract and
applicable without additional purifications.Has mediunband gap of.3
eV and absorbs in the visible regiodoreover,it has sevetdacarbonyls
and hydroxyl groups that make it easy lhond to the semiconactor

surface [13 as shown in figure (1.6 hus itcan beused as sensitizer for

ZnO photocatalysts.
R R R
OH Pelargonidin H H
Cyanidin CH H
R, Peonidin OCH; H
Delphinidin OH OH
Petunidin O H, OH
Malvidin OCH, (CH-

Figure (1.6): Structuralformulas for different anthocyarsiil3].

1.8.1Sengtizin g ZnO by anthocyanin dyes

ZnO is one of the mostsedsemiconductomateriat in dye sensitization
of solar cells It has relatively higtstability against photacorrosion[71].
Both ZnO and Ti@have similar band gaps of 3.2 eV and similar electron

injection efficiency from excited dyes [{2Moreover,ZnO hashigher
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performance than Ti§) due to its higher sensitivity to UV fraction of
fallen sun light[73].
The dyemediumband gap absorbs light wavelengths in the visible region.
This leads to elesdbn-hole generation in the dye molecule, by exciting the
electrons from dye HOMO to LUMO. Charge transfer from dye LUMO to
ZnO conduction band occurellowed bygeneration of hydroxyl radicals.
Oxidation of pollutants byexcited ZnO/dye then occurs. Thedye with
medium band @p may not itself oxidize some organic pollutants,

depending on their needed Oxidation potentials.

rF 9
L 025 - }‘ -
; ) \ Visible light
Reduction ) Ir" >
h™ A”'/
OMO \ Oxidation
U light
—— +2.76
+

L J
VISCE 1O

Figure (1.7): Sensitized ZnGsemicondator photedegradation reactiofi 3].

1.9 Objectives

The main purpose of this work is to pyrifvaterfrom organiccontaminant
(2-chlorophenol)by two ways: adsorption and photocatalytic degradation
under direct solalight, using an inexpensive and nrtoxic semiconductor

material (ZnO). The preparedancesized ZnOparticlesare supportedon
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solid naturalclay. Safe naturaland low cost Anthocyanin dyis usedto
sensitiz the supported ZnCratalyst. This work is expectdd lower the
pollutantconcentrationn water using a simple and cheap method without

any expensive or dangerous chemicals.

Technical objectives:

1 Preparation of nargnO powder.

1 Characterization of the prepared ZnO nanoparticles using
photoluminescengeUV-Visible spectroscopyFT-IR spectroscopy,
XRD and SEM.

9 Preparation of new nargized composite materigddnO/Clay and
chamacterizing them wusing photoluminescence, WVisible
spectroscopyiT-IR spectroscopyXRD and SEM.

1 Using the supported catalyst in thphoto degradatiorof aqueous
organiccontaminantg2-chlorophenglin water.

1 Sensitizatiorof the composite catalygZnO/Clay) with anthocyanin
natural dye.

1 Using the sensitizegdupporteccatalyst inthe photo degradationf 2-
chlorophenol in water under direct sunlight.

1 Study effects oflifferent parameter§H, contaminantoncentration,
sensitizabn, catalyst conceration) on catalyst activity in
degradatiormprocess.

1 Recover the catalyst after the photo degradation proce3€®and

study the possibility of reusingin anotherfreshdegradation process.
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1.10Novelty of this work

During recent years the photo callysis process has been widely
investigated forthe purificationof water from many toxic and organic
pollutants. t is a new promising environmentplotectiontechnology.
Naked TiQ and ZnOhave beemsed as photo catalgdbr degradatiorof
widespred pharmaceutical wastd®5]. Other studiesused pristineand
kaolinite supportednO catalyst in the degradation 2CPin water under
direct sun light [74]. Another study used ZnO/montmorillonite
nanoparticles as catalyst for the adsorption and piegoalation of
tetracycline in water [54Earlier studies did not combine supporting ZnO
photocatalysts and sensitizing them togetherthis work, sensitized and
non-sensitized natural clay supported nano Zrdticles areused for the
degradation of Zhlorophenol under direct sun lighto our knowledge,
natural dye sensitized ZnO particles have not been supported onto natural
clays for photo degradation purposes. The newly prepared composite
clay/ZnOl/dye is used for photo catalytic degradation-oh@rogenol, by
direct surlight, for the first time.

On one hand, supporting the ZnO ngparticle onto natural claywould
provide high efficiency due to clay distinctive physical properties, such as
large specific arealayeredstructure andhigh adsoption. On the other
hand, supportingfacilitates the catalyst separatiamd removal after the
degradationexperiment.This allows the catalyst recyclingnd reuse in

additionaldegradation proce$48, 24, 25].
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On other handas only ~4% of the solar radiatisrare in the UV region,
the ZnO semiconductor can be sensitized by dye moletolegrk in
abundant the visible rang&he natural dyeensitized ZnO can then be
used in the visible light, as the dye has smaller band gapbasodoa in the

visible region
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Chapter 2
Materials and methods
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Chapter Two
Material sand methods

2.1 Material s

Zinc acetate dihydratZp(OOCCH),. 2H,0] was purchasetfom Sgma
Aldrich and NaOH from Frutarom CoNatural clay was purchasedn its
solid statefrom local pottery workshop afabaJeninPalestine All these
materials were used for the preparaticend synthetic the ZnO and
composite ZnO/Clay nanoparticles The contaminant model 2-
chlorophenol wa purchased from Sigma AldriclAnthocyann dye was
extracted fromdried karkade flowersvhich were purchased from local

markets.

2.2 Equipment

Stirred thermostated reactwith water bath model 80 fromidher was
used for reaction A Lux-meter (Lux102 light meter) was used to
determire the inensity of sunlightthat reacks the water sampleinder
study A Scientific Ltd model 1020 D.E centrifuge was used to separate
contaminantsolution from solid material and prepare the aligufar
analysis:

Water 1525 Binary High grformanceliquid chromabgraphy, equipped
with water 2998 photodiode array detectord detectiorwavelength of

280 nm,was used to study the absorbance of remainiogl@ophenol in
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solutions during adsorption and photo degradgpimtesses. The shght
was used as sourcelafht.
Crystal structure ZnO and other composite catalysts were investigated by
X-Ray diffractometer(XRD) with Cu kU (8ys418 A) as source.The
measurements of XRD and SEM were kindly conductdterlaboratories
of theUAEU at United Arab Emirate.
LossAngloss Abrasionmachine was used for aggregation of used
Crockery to form fractiomof clay, which were separated according to their
sizes.
A ShimadzuUV-1601 spectrophotometer, equipped with a thermal printer
Model DPU411-040, type 20BE,was used fo the determination of
anthocyanin dye concentration, ardr characterization of prepared
catalysts (sensitized and neansitized ors).
A PerkinElmer LS50 Luminescence Spectrophotometer was tsed
photoluminescenceeasurements @achcatalyst
Fourier-Transform Infrared Spectroscopy (), Nicolet iS5 connected
with iD3 ATR Thermo Scientificwas used for each composite catalyst
characterization.
A Jenway 3510 pH meter was used to adjust the reaction mixture pH as
desired. A mercury thermometaeras used to measure temperature. The
accurate masses wereeasured by usin@ fourdigit balance(AR-3130

from OHAUS Cra}.
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2.3 Preparation of solutions

1 Stock solution preparation:
2-chlorophenol stock solution (1000 ppm) was prepared by dissolving
0.1 g 2chlorophenol in distilled watema then diluting it to 100 ml. e
stocksolution was kept in the daffer further uses
1 Dilute solutions of both NaOH and HCI were prepared for the purpose
of controlling the pH in the catalytic experiments.
1 SodiumHydroxide NaOH (0.9 M) solution was prepared by dissolving
9 g in 250 mlaqueous solution.
1 Zinc acetate (0.68 M) was prepared by dissolving 15 g of zinc acetate

dihydrate in 250 ml aqueous solution

2.4 Catalyst preparation

2.4.1Zn0 particle preparation:

ZnO particleshavebeen prepared using thpeecipitationmethod. A 250
mL of sodium lydroxide solution (0.9 M) was heated to 55 C. then 250 ml
of zinc acetate solution (0.68) wadded dropwise to the heated sotion
under high speed magnetic shg. The resulting powder was deted
and washed with distilled water until the solution became nelirzlly
ZnO powder was then sepéed using a centrifuge (spe€@00 round per

min, for 6 min).
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2.4.2Preparation of clay particles

Preheated slid pottery clay (from local producersyas crushedusing
Loss Anglos Abrasion machirfer 30 min. The resulting clayfractions
werethenseparatedby sieving.The Clay powder with diametex 75 um

wasusedto prepare supported catalyst for further study

2.4.3Supporting ZnO powder onto clay particles

Clay powder (10 g) were placed in 250 m of 0.9 sodium hydroxide
solution. The mixture was heated to°’65wvith magneticstirring, andZinc
acetate solution (250mD.68 M) was addeddropwise Adding excess
NaOH was intentionally made to push the reaction of?Zons to
completion.The resulting powder was decanted and washed with distilled
water util neutral. TheZnO/Clay dispersed powdewas calcinated and
driedat 450°C under air for 60 musing heating natel with mechanical
stirring to allow enough time foZnO particles to be entrapped oaolay
particles The powder was thercollected and stored in darkfor

characterizatioand further use

2.4.4Extraction of anthocyanin dye

Karkade(Hibiscus teadried flowers @0 g wasplacedin 100 ni ethanol
and soaked ®ide a containerwith magnetic string for 60 min The
mixture was then left t@ettle down, and theextracted anthocyanin dye

was therfiltered and kept in darkor further analysis and use$he ceep
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red color wasachievedat pH< 1 by adding drops of concentrated HCI

Under acidic conditions, anthocyanin solution becomeee stablg75].

2.4.5Sensitization of composite catalyst

ZnO/Clay catalyst(4 g) was mixed withsuitable amoun(30 nL) of
extracted anthocyanin dy@.4x10® M) solution and magneticallgtirred
for 60 minin 100 nL beaker at room temperature. The mixtwa&s then
stored andeft overnightin dark The resultingsensitizedZnO/Clay solid
was then filtered and air dried ayvitom light. A filtrate sample(10 mL)
was taken in each trial and stored fdeterminationof anthocyanin

concentrationand tocalculate th@amount ofadsorbednthocyanin

2.4.6 Determination of Anthocyanin dye concentration

Anthocyanin dye concentrat before and after sensitization was
measured in acidic form (pH = ~1). The absorption wavelength is 533 nm.
Based on anthocyanin molar absorptivjfy=(30,000 Mcnm?) [76], Beer 6s

law was used to calculate the anthocyanin concentration.

2.5Photo-catalytic experiments

2.5.12-Chlorophenol contaminant removal:

The adsorption experiment was performed Byirring a known

concentratiorof 2-chlorophenol contaming with the composite catalyst
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in a 250 mLErlenmeyer flask The experiment was caed outunder
shakingfor 60 minat 150 rpm in dark at room temperature.
The photedegradatiorexperiment wasarried outunder direct sun light
a magnetically stirred thermostatd®O0 nlL beaker for120 min The
beaker was thermostatdasly using wateibath to keep the emperature
constant as desirg@d5°C).
Direct sutight (with about 4% UV) was applied to reaction mixture
surface, the average measuraah light intensity during Mayi July
months in Nablus citpalestine,was D0000 lux (0.0146 w/crd). At
different reaction times, small aliquots of solution were syringed and
double centrifuged (6@roundminute for 6 minutes HPLC was usedo
measue the change ofCP concentration with time during the photo
catalytic degradation reactiodfhe photo catalyticeaction was studied
under different conditios Effectsof pH, catalystoading concentratiorof
2-Chlorophen| and effect of sensitizatiorgn reaction progress were all

investigated

2.5.2 Effect of 2CP contaminant concentration on the photo

degradation:

Diff erentsolutions of2CP (10, 20, 40, 60 ppmyere preparedand mixed
with 0.1 g ZnO (0.2gZnO/Clay) for the adsorptiosphoto degradation
process for 1 hour of shaking in dark to reach dduium then under

directsurlight for 120 mir).

2.5.3Effect of composite catalyskbading on the photodegradation:
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Different amounts oZnO/Clay (0.1, 0.2,0.4 g) were mixed witl100 ml
of 20 ppm aqueou2CPcontaminansolutionto study the effect of catalyst

amourt on the degradation process.

2.5.4Effect of pH

The pH medium was changed by adding a few drops of sodium hydroxide
(NaOH) or hydrochloric acid (HCI). The reaction was carried out by
mixing 0.2g of ZnO/Clay catalyst with100 ml of20 ppm2CP aqueos
solution, the mixture was sken in dark unil equilibrium and then under
direct sun lighfor 120 min Acidic medium(pH= 35, neutral medium (pH

7.0)and basic mediurfpH=10.5 were all examined.

2.6 Control experiments

A number of control experiments were preformed, as follows:

1- In the absencef@atalyst, the solution #CP20 ppm was shakem
dark for60 minand then placed under direct sun light 3@ min
Concentrationof pollutant measured with timegid not change,
which indicates that the pollutant did not phategradewith no
catalysts

2- In the dark, 100 ml of2CP were shakernwith 0.2 g composite
catalyst ¢ontainng 0.1g ZnO) for60 min until equilibrium. The
contaminantconcentratiorwas measured Wi time. About 11% of

2CPwas absorbed by tremmpositecatalyst in the dark.
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3- 20 ppm 2CP solution was shakeim dark with 0.2 g oZnO/Clay
catalyst one time and another with sensitiZe®/Clay catalyst for
60 min and the exposed to direct sun light for Wrs. Both
composite catalysts showd5%lossof 2CPcontaminant.

4- Anthocyanin @e solution, with no ZnO,was studied alone as
catalyst in dark and under sun lighthe dye did not affect theCP
contaminat concentration

5- Sensitized composite catalyst was useder cutting off UV light
(eliminating 400 nm and shorter wavelengtifig) 120 min The
absorbance specta 2CP contaminant amount losgas measured
with time. Shows~10% degradationossof 2CP contaminantThus
sensitized catalystas almost not affected by UV light from the sun
light. This indicates the role of the dye sensitizingZnO/Clay to
the visible light.

2.7 Calibration curve of 2-chlorophenol.

High performance liquid chromatography analysis was conducted for the
2-chlorophenole analysis. The used detector was photodiode array and the
detection wavelength was @8m, the eluent solution was [55% methanol,
55% (0.3 M) HPQj] in flow rate 1 mL/min, the injection volume was
10pl. Figure (2.1) shows a well formed peak eftdorophenole atzt~ 6

min. A calibration curve was built for-2hlorophenol analysjsFigure

(2.2).
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Figure (2.2): Calibration curve for Zhlorophenol in Distilled water by HPLC method.
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Chapter 3
Results anddiscussion
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Chapter Three
Results and discussion

3.1 Catalysts Characterization

Characterizations of catalysts were carried lmusolid stateUV-Visible
absorption spectrophotometrgolid statephoto luminance spectrometry

IR spectroscopy XRD and SEMtechniques.

3.1.1-UV-Visible absorption spectrophotometry characterization

Solid state UW/isible electron absorption speat were measured in

quartz cell, as suspension in water. Water was used as baseline correction.

1- ZnO catalyst:
Figure (3.1} represent the absorpt spectrum of the prepared ZnO
powder, theabsorptionspectrum shows absorptionaximum émaxa 3 8 0

nm) similar to that of terature [77]

2

Absorbtion

200 400 600 ~ 800 1000
Wavelenghth (nm)

Figure (3.1) The Electronic absorption spectra of prepared Zno pawder
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2- ZnO/Clay composite catalyst
Figure (3.2 shows the electronicbaorption spectrum foZnO/Clay and
clay catalystNaked clayshows no absorption maxima in the range-200
800 nm,while the other sgtemof ZnO/Clay showabsorption maxima at
amax @ 3 7 5 with shorter wavelength than the naked ZnO powdée
slightly blue shift compareith the prepagd ZnO is attributed to smaile

partide size of ZnO supportemhtoclay[78].

2.1 a
1.8
1.5
1.2

a Zn0O/clay
0.9 b b

ABSORPANCE

clay

200 300 400 500 600 700 800 900
WAVELENGHTH

Figure (3.2: Electronic absorption spectra of &) O/Claycatalyst, and oNakedClay.

3- Extracted Anthocyanin dye determinations:
Figure (33) shows the molecular absorption spectrum for extracted
Anthocyanin. The absorption spectrum is similar to the anthocyanin

spectrum reported in literature before [79].
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Figure (3.3: Molecular absorption spectrum for extracted Anthocyanin.

Dye-sensitizedZnO/Clay catalyst

Figure (34) shows the UV-Visible absorptionspectrafor Anthocyanin/
ZnO/Clay catalyst.Sensitized systershowtwo absorptionmaxima, me
at ~ 600 nm (attributed to theanthocyaninabsorption, and the other at
380 nm Gttributed to ZnO absorptidn

a
3.8
3.6
3.4
3.2
3
2.8
] 2.6
2.4
Z 22
a2 2 a
© 1.8 anthocyanin/ZnO/Clay
2 16
< 14 b clay
1.2
1
0.8
0.6
0.4
0.2
0

200 300 400 500 600 700 800 200
WAVELENGTH (NM)

Figure (3.4: UV-Visible Absorption spectraf anthocyanin dysensitizedsolids a)

ZnO/Claycatalystb) naked clay
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- Effect of Solution pH on Anthocyanin absorption.

Anthocyanins may exhibit differentolors dependingon their pH,
structure,and thepresence of cpigments.The absorbancés responsible
for the redpurple color of anthocyanin (complementary to
greenchlorophyllin photo syntheticalhactive tissues)80]. Anthocyanin
dye may degrade tahigher pH mediums Thus the absorbance of
anthocyanin dyein visible region is higheat pH<8 Figure (3.5) shows
the absorption spectrum of anthocyaninbesicform (pH = 8.5), while
Figure (3.B) is the absorption spectrum afthocyanin in itsacidic form
(pH = 3.95. As shown in Figurg3.5) bellow, the acidicanthocyanin shows

higher molar absorptivity with shifting to lower wavelength.

2.5

15 b

basic

ABSORBANCE

acidic

0.5

300 400 500 600 700 800 900
WAVELENGHTH (NM)

Figure (3.5: Anthocyanin dye UWisible spectra under different pH mediums a) pH
=8.5andb) pH =3.5. Spectra were measured ngisame dye concentration solution in

each case.
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- Spectrophotometricdetermination of Anthocyanin dye concentration:

Figure (3.6) shows the absorbance of anthocyanin dye before and after
sensitization.The concentration of anthocyanin in the extracteldit®on

was calculated and found to be4*L.0° M). The concentration of the
solution after catalyst filtration and separation wa91*10® M). The
calculated loadig of dye onto ZnO is thus 0.71*20molecule

dye/molecule ZnO.

a‘d'\,fe intial concentration

Absorbance
(=]
[s.2]

a bd'\/e sensitized clay

200 300 400 500 600 700 800 900

wavelenghth (nm)

Figure (3.6): Anthocyanin dye absorption spectra Apthocyanin in the extracted

solution and b)he filtrateafter sensitization aZnO/Claycatalyst.

3.12 Photoluminance spectrometry characterization

A PerkinElmer LS50 LuminescenceFluorometer wa used for
photoluminescence measurement&mission spectra were usew t
determine catalyst band gamall amount(0.1 g) of each composite

catalystsystemswere suspended in distilled wat@i0 mL) and placed in
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guartz cell. The suspensions were excitatleex=420 nm. As shown in
figure (3.7, the sensitizedZnO/Clay composite show increasas the
emissionintensity at &y = 420 nmcomparing withZnO/Clay and ZnQ

this is anindicaton of increasing th@umber of photons being absorbed.

2.5 aZr‘O

2 a b Zn0/clay

ABSORBANCE

C_ Anthocyanin/ZnO/clay

350 400 450 500 550
WAVELENGHTH (NM)
Figure (3.7): Photoluminance emission spectra of a) ZnO,ZnO/Clay, and c)

AnthocyaninZnO/Claycatalysts Excitationwavelength was-20 nm.

3.13 Fourier-transform infrared spectroscopy (FT-IR) characterization

FourierTransform Infraed Spectroscopy (FIR), Nicolet iS5 connected
with iD3 ATR Thermo Scientificwas used for thecomposite catalyst
characterizationFigures 8.8), Shows the FTIR spectra of tkgnthesized
ZnO. The spectrums clearly showsthe ZrO absorption band nedR
(wavenumber ~ < 500 cnm!) [81, 82]. The 3450cm!, and 2350 cm
absorption indicate thepresence of atmospheric moistur€O,, or

adsorbed acetic acid on the ZnO surfi83}.
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Figure (3.8): IR-Spectran of prepared ZnO nanparticles
Figure B.9) showsthe FTIR spectrum of extracted Anthocyanithe
spectrum proofing the presence ofanthocyanin by comparing with

literatureanthocyanin spectruririgure (3.10.
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Figure (3.9: IR-Spectrum of ethanaxtracted anthocyanin from karkade.
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Figure (3.10: literature IRSpectra of pure anthocyanin dye [84].

The FTIR of Anthocyanin/ZnO/Clay system is shown in Figure (3)11
Distinguisted peaks of Anthocyanin (300@,043, 1070, 1233, and 1398
cnt!) are shown in the spectrunthe shift of peakss attributed tothe
chemisorption of anthocyanin onto catalyst surfades is an evidence of
presence of adsorbed anthocyanin on the catalyst swifsice chemical

bond formation.

9925
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S Trans:

98.0
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o774
97,6+
976+
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Figure (3.11): IR-Spectra of sensitize@inthocyaninZnO/Claycatalyst.
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3.14 X-Ray diffraction characterization

X-ray diffraction (XRD) patterns were measumith Cu KU r adi at i o
1.5418 A) as a sourc8cherrer equation was used to calculate the partic

size
KA

d =
B cosf@

Whered is the mearparticlesize, which may vary for different partsd,

K(about 0. 9) i s0.1564nm) isshk argqyevavélength, B r =X
is broadening atdf the maximum intensity inradigjmnd d i s t he
angle.

X-Ray diffraction analysis of ZnO:

X-ray pattern was measured for paegal ZnO nangpowder, Fgure (3.12.

The figure shows distinguistd peaks at2 8 = ( 31 .),6(3%9),, (34
(47.4°), (56.5°), (62.7°) and (68.4°Yhe comparison ofXRD pattern of

the prepared ZnO with a pattern of ZnO in literaturgure (3.13,

confirms the hexagonalWurtzitetype.

Prepared nan@nO particle size was calculated usin§cherrer eqgation

and found to be-20 nm[85).
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Figure (3.12): Measured XREpatternof prepared ZnO nanrpatrticles.
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Figure (3.13: Literature XRDpatternof Wurtizite Qystal ZnO nanamaterid [86].

X-Ray analysis ofZnO/Clay:
X-Ray pattern was measuréor preparedZnO/Clay compositeFigure
(3.14.The XRD patternin Figure (3.14 shows distinguistd peals for

ZnO hexagonal wurtzite type @nO powder The calculation ofSherrer
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equationbasedon peaksshows adecreas in the particle size of ZnO on

clay surfacethe calculatednO particle sizas ~15.2 nm.

The inter layer distance diie clay was0.3 nm, ascalculatedoy Br agg 6 s

law [87], d= n &/ BPMhered he inter planer distance in the crystal,

€ is the Bragg angl ®=51548°@ n i s an i
A comparison ofXRD pattern of prepare@dnO/Clay catalyst withthe

XRD patternof clay samplefrom literature,Figure (3.1% [88, 89] was
done.The mmparison poves the presence of the following composition in

the Clay.

1- Kaolinite: the kaolinite peaks arat2 8 = (13. 3A), (23A)

(43°). The interlayered distance of kaolinite clay exists in prepared clay
was = 0.3 nm. Compared with that of terature sample tarlayer

distance = 0.29. Kaolinitéss non expandable claysand hasa small

interlayer distance So t hat Zn O perematempeweeni c | e S

Kaolinite layers

2- Quartz: thequartzpeaksarat 2& = (20. 8A)Quart 26. 6 A
i's non | ayered structure, and the
inside.[90]

3- Montmorillonite the montmorillonite it 2 &  Fwith(iteBlayes A
distance~0.31nm.
The results thus improves that ZnO patrticles presence only on the clay

surface (6@ not penetrated between clay layers).
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Figure (3.14): Measured XRBpatternof ZnO/Claycomposite catalyst.
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Figure (3.15): Literature XRDpatternof clay sampld88, 89]

3.15 Scanningelectron microscopy (SEM) characterizatbn

Surface morphology and estimated size wereasuredfor ZnO/Clay
composite catalyst witheld emission scanninglectron microscopysing

the energy dispersive spectroscopicHEV/EDS technique.
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Figure @.16a) shows the SEM of peparedZnO catalyst Figure (3.16b)
shows the SEM of prepaeZnO/Clay catalyst.Both figures show ZnO
particles living in agglomerates on the clay surface. The ZnO powder

involves larger agglomeratés 400 nm) th

- a
. >
v ot
> 2 'a
Ly » :

an sup ortd ZnO (~ 200 nm).

5 b

X1,000,4

M

X1,000 10pm =it

Figure (3.16: SEM miaographs a) for prepared naked ZnO particlesSupported

ZnO/Claycatdyst.
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3.2 2Chlorophenol adsorption

adsorption reaction of 100 rAlCPaqueous solution mixed witthO/Clay
catalyst in dark for 60 min witkkontinuesshaking before exposed to sun

light was studieddifferent parameters wheeadso investigated

3.2.1 Effect of 2CP contaminant concentratiomn adsorption reaction

Table (3.1) shows a decrease in the parentage of adsorption as 2CP
concentration increase. When changing the initial conagon of 2CP
solutionfrom 10 ppm to 60 ppm, the amount absorbed increased from ~1

ppm (14% removal) to 4 ppm (7% removal).

Table (3.1): Values of 2CP removal percentage by adsorption using

different contaminant concentrations in dark for 60 min.

2CP 10 ppm 20 ppm |40 ppm | 60 ppm
concentration
% 2CP removal | 14 % 12 % 11 % 7 %

3.2.2 Effect of catalyst loading

Table (3.2) shows the results of changing catalyst amounts {©.4gg)
anincrease of percentage of adsorption was oleseas catalyst aount

increase.

Table (3.2): Values of 20 ppm 2CP solution removal percentage by

adsorption using different catalyst amounts in dark for 60 min.

ZnO/Clay 0.1g 0.2g 049
amount
% 2CP removal | 11 % 12 % 12 %
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3.2.3 Effect of pH

Table (3.3) shows theesults of adsorption of 20 ppm 2CP solution mixed
with 0.2 g ZnO/Clay catalyst in different pH medldne highest adsorption
percentage was observedaicidic mediumgdue to thenteractions between
negatively chargedusface of clay and cations of 2CBntaminate, thus
encourage adsorption onto the surfgeé. Low adsorption was observed
with more basic conditiondue to repulsion between negatively charged

surface area ar@lCPanionic form P1, 54].

Table (3.3): Values of 2CP removal by adsorption uder different pH

media (acidic = 35, neutral = 7, basic = 10.5).

pH Acidic Neutral Basic
% 2CP removal | 16 % 12 % 4 %

3.2.4 Effect of Anthocyaninsensitization

Sensitizedporepared catalyst shoisw adsorptionefficiency by ~ 6 %n
neutral condibns, due to the competition between molecules of dye and

2CPcontaminate to the sites and poreZa®/Clay catalyst surfacarea.

3.32-Chlorophenol photo catalytic degradation

ZnO/Clay in photo-degradatiorof 100 ml2CP contaminansolutionwas
investgated under directsun light with 0.0146 w/cr intensity for 120

min. different @ndition of concentration of 2C8ontaminant, amount of
used catalyst, pH and sensitization of catalysts on photo degradation

reactions, were all studied
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The percentage ofhpto degradation, values of overall rate, turnover
number (T.N), turnover frequency (T.F) and quantum yield (O.Y) were all

measured for each experiménd].

The turnover number (T.N) =
Number of moles of 2 — CP reacted contaminant

Number of moles of Zn0 catalyst

turnover number

The turnover frequency (T.F) = Time (min)
ime (min

Quantum yield (Q.Y)
number of 2 — CP contaminant reacted molecules

Total number of photons.

At 555 nm (assumedaverage wavelength of lightthe total number of
photonsafter 120 min= 4.98X10"° accordingo Planks equation.
E(J) = nhv

Where, E(J) Hincident power per unite areX (total areq X (exposure
time in secony

And,v = c/A

Incident power 0.0146 w

Time in seconds = 120 mix 60 second.
c=3X1C

h (Plank onstant)= 6.6X103%*m?kg/s
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3.31 Effect of 2-chlorophenol contaminant concentration on

degradation reaction

Figure (3.17) shows the degradation experiment using different initial
concentrations ofontaminantsolutions ranging from 10 ppiin 60 ppm
Table B.4) shows that the contaminant degradation percentage decreased
with increasedoncentrationbut this doesiot indicatdoweringin catalyst
activity, as other parameters (raleN, and Q.Y) show higher efficiency
with higher contaminant conceations. Increasing of T.N due to light

scattering [92]

70
60
50

40 10 ppm

30 20 ppm
40 ppm

concentration (ppm)

20 60 ppm
10
0
0 50 100 150 200

time (min)

Figure (3.17): Effect of 2CP concentration dts degradation reaction: a) 10 ppm b)
20 ppm c) 40 ppm d) 60 pprAll reactions were conductedimg 0.2 g of ZnO/Clay

compoge catalyst at room temperature under direct sun light for 120 min.
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Table (34): Values of percentage of Photdegradation, rate of
reaction, turnover number, turnover frequency, and quantum yield
using 0.2g of ZnO/Clay catalysts mixed with 100ml of different

concentrations of2CP contaminant solution.

Initial 2CP % photo rate TN |T.F Q.Y
concentration (ppm degradation (10%) | (10%) | (10%)
10 45 0.15 0.72510.004 | 3.6
20 56 0.38 1.8 0.01 |8.87
40 44 0.59 2.833|0.016 | 13.9
60 35 0.72 3.39210.02 |167

3.32 Effect of ZnO/Clay catalystloading

Figure (3.18) shows photo catalytic degradation experiments of 20 ppm
2CP solutions using different amownbf preparedZnO/Clay catalys
(0.050.2 g ZnO).The results indicatethat the degradation oRCP
increased with increasing catalyst amowrs the number ofctive sites
available increased However, degradation at higher concentrations
decreasedasZnO molecules being screening the ligind prevent it from
reaching the of catalysdurface which lowers lie catalyst efficiency as

shown inTable @.5).
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Figure (3.18: Effect of different amounts of ZnO/Clay prepared catalyst: a) 0.1g b)
0.2gc)0.3gd) 0.4 g. on to degradation reaction of 2CP under direct sun light at room

temperature and natural pH.

Table (3.9: Values of percentage of Photdegradation, rate, turnover
number, turnover frequency, and quantum vyield using variable
amounts of ZnO/Clay catalysts mixed with 100ml of 20 ppm2CP

contaminant solution.

Amount of % phote [rate |T.N |T.F Q.Y
ZnO/Clay (g) | degradation (103 | (103 | (10%)
0.1 43 0.071|2.703 | 0.015 |6.66
0.2 56 0.094 | 1.8 0.01 8.87
0.4 49 0.082 | 0.775 | 0.0043 | 7.65

3.3 3 Effect of pH on photo-degradation of 2chlorophenol contaminant

Figure (319) shows the photadegradation experiment @CPcontaminat
at different pH valuegacidic =35, neutral =7 pasic= 106) of reaction

medium.Table(3.6) shows that the highest percentage of degradation, T.N
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and Q.Y wasin the basic medium followed by the neutmale, due to
adsorption of high concentratiorss hydroxide anion in basic medium
which will encourage the formation of hydroxide radicalsgd enhance the
oxidation of contaminant molecul¢83]. In acidic medium, ZnO catady
undergo photaorrosion andlissaiationyielding Zr?ions[14,93].
ZnO+ 2k Y 2212 O (3.1)
ZnO + 2KB+#HD®D Zn (3.2)
At pH < 9,Zn0O assumes the form (ZnGH) [74], while 2CP exists in the
protonated form and acqei a positive charge, thus the protonated 2CP
will be retarded from ZnO catalyst surface (repulsion) and the active
species AOH. The photo degradati on
low pH.
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Figure (3.19: Effect of pHon 2CP removal by 0.2 g of ZnO/Clay composite catalyst

with time: a) basic at pH= 10.5 b) neural at pH= 7 c) acidic at pA= 3
















































