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ABSTRACT

PHOTOCATALTIC ACTIVITY of Zr-DOPED TiO; on
ORGANIC COMPOUNDS

HAWEZI, Jasim Mohammed
M.Sc. Thesis: Mechanical Engineering
Supervisor : Asst. Prof. Dr. Halil Ibrahim YAVUZ
January 2018, 79 pages

Doped-TiO, nanocrystalline powders (nM:TiO,:Zr) with anatase structure .we
have focused on the production of different nanostructured Zr modified TiO, powders
as a material for photocatalytic by sol gel assist- polymerizing complexing combustion
method (PCCM) and hydrothermal method and characterized by SEM Analysis, UV-
VIS anylsis, XRD Analysis Of Zr Modified TiO, particles, XRD Analysis Of TiO, and
5 % ZrO,-TiO, XPS Anlysis Of Zr Modified TiO, particules, XPS Anlysis Of 5%Zr-
TiO, particules .Results revealed that the anatase structure is highly stable for all doped
TiO, prepared compounds with enhancement in the surface area. UV-Vis diffuse
reflectance spectra showed that these dopants were responsible for narrowing the band
gap of TiO; and shifting its optical response from ultraviolet to visible-light region. The
photocatalytic activities of Zr-doped TiO, catalysts were investigated with testingwith
these materials (Methylene Blue (MB) Test, Purple Dye (PD) Test, Methly Orange
(MO) Test and Malecite Green (MG) Test ) . all experiments were done with the help of
a xenon lantern to simulate the sun's rays., it was found that The results of the obtained
tests have a longer duration than the results in the literature made with UV, they are
very important in terms of cost analysis and practical use. the resulting disintegration
rates are still faster than the best alternative methods. for this reason a great obstacle for

the commercialization of the particle has come to an end.

Keywords: Nanotechnology, Photocatalytic, Zr-doped TiO,,






OZET

Zr-KATKILI TiO,’nin ORGANIK BILESIKLER UZERINDEKI
FOTOKATALIZ ETKIiSI

HAWEZI, Jasim Mohammed
Yiksek Lisans Tezi, Makine Miihendisligi Anabilim Dali
Tez Damigmant: Yrd. Dog. Dr. Halil Ibrahim YAVUZ
Ocak 2018, 79 sayfa

Bu calismanin ana hedefi Zr-katkili TiO2’nin organik bilesikler tizerindeki
fotokataliz etkisini aragtirmaktir.Bu dogrultuda once anataz yapidaki TiO, nano-
kristalleri (nM: TiO2:Zr) Zr ile katkilandirilmistir. Bu amagla ince asiltili pelte (sol-gel)
destekli polimerlestirici kompleks atesleme yontemi (PCCM) ve hidrotermal yontemleri
kullanilarak farkli nano-yapilara sahip g¢esitli TiO, tozlar1 (Zr-modifiye TiO;
parcaciklari, TiO; ve % 5 ZrO,-TiO) elde edilmistir. Ardindan bunlar SEM, UV-VIS,
XRD ve XPS analizlerine tabi tutularak 6zellikleri tespit edilmistir. Sonuglar TiO; ile
hazirlanmis tiim maddelerin anataz yapilarmin yiiksek diizeyde kararli olduklarmi ve
yiizey alanlarimin arttigin1 gostermektedir. UV-VIS dortgen yansima spektroskopi
sonuglar1 TiO2 nin bant genisliginin daralmasindan ve optik tepki alaninin mordtesinden
gorilebilir 1518a kaymasindan katki maddelerinin sorumlu olduguna isaret etmektedir.
Zr-katkili TiO, katalizorlerinin fotokatilitik aktiviteleri Metilen Mavisi (MB Test), Mor
Boya (Purple Dye Test), Metil Portakal (Methyl Orange Test) ve Malasit Yesili
(Malecite Green Test) testleri ile aragtirllmistir. Giin 15181n1n etkilerini taklit etmek icin
tim testler igin bir ksenon feneri yardimiyla gergeklestirilmistir. Her ne kadar bu
yaklasimla testlerden sonug¢ almak UV yontemine gore daha uzun siirse de, bu yontem
daha ekonomik ve pratiktir. Ayrica ortaya ¢ikan ¢oziinme de en iyi alternatif yontemlere
gore daha hizli gerceklesmektedir. Bu nedenle incelenen parcaciklarin

ticarilestirilmesinin 6niindeki 6nemli bir engel ortadan kalkmaktadir.

Anahtar kelimeler: Fotokatalitik, Nano-teknoloji, Zr-modifiye TiO,
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Some symbols and abbreviations used in this study are presented below, along

with description.
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CB Conduction band
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HMEP Hydroxy methyl ethyl phenol
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Mn Manganese

M-O-M Metal oxide metal

N Nitrogen

NO* Nitrate

‘OH Hydroxyl radical

O3 Ozone

S Sulfur

SEM Scanning electron microscopy
SiO, Silicon dioxide
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TiO; Titanium dioxide
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1. INTRODUCTION

1.1 Problem Statement

Nano materials have attracted senior attention in last years because of the
variation in their structural, electronic, magnetic, thermal and optical properties (Zheng
et al.,, 2001; Radecka et al.,, 1993). These properties of the nano particles change when
their size, shape and crystal structure change. The unique properties of the nano
particles locate the performance of the particles in both energy generation and
environmental problems like catalysis, electronics, optics and magnetism.
Semiconductors used for the photocatalytic degradation of organic molecules are
usually metal oxides or metal sulfides. The most commonly studied semiconductors
include TiO,, ZnO, WO3, Fe,03, and ZnS (Fox et al., 1993). In searching for an ideal
photocatalyst for treatment of organic molecules using sunlight, some factors must be
taken into account; like oxidation potential and energy of the band gap. The oxidation
potential is important, since the ability to form photogenerated valence band holes (h*
¥y and to create hydroxyl radicals (HO"ads) in water is key to its use as a photocatalyst
for the oxidation of organic molecules. This is also true of the reducing power of the
excited conduction band electron (e®), which must be of sufficient energy to reduce
molecular oxygen to superoxide (Halmann et al., 1996). These two chemical processes
are the key to the photocatalysis of organic molecules to simple gaseous products (H20,
CO,) and inorganic ions (NO*, SO4%). The energy of the band gap of the
semiconductor defines the energy of light needed to excite an electron to the
conduction band, which leaves a positively charged hole in the valence band, h**
(Oppenléander et al., 2003). If the required wavelength for a given semiconductor to
form charge carriers is outside the range of the solar spectrum, then that semiconductor
is of no use for the degradation of organics using sunlight without significant electronic
modification. One of the ultimate nano particles intended inorganic metal oxide is TiO,,
due to photo stability, inexpensiveness, nontoxicity, high surface area, porosity,
chemical stability and relative low production cost. TiO, is the traditional
Semiconductor photo catalysis used in the area historically. It has received much

awareness during last three decades as a favorable solution for both energy generation



and environmental problems (Dumitriu et al.,, 2000; Takeda et al., 2001). The
acceleration of a chemical processing by the existence of a catalyst with light is called
photo catalytic. The catalyst accelerate the photo reaction by interaction with the
substrate in its ground or excited state and/or with a major photoproduct, be based on
the technique of the photo reaction and itself remaining without change at the end of
each catalytic cycle.TiO, based photocatalysts are still the most commercialized
products in the market although there are different alternatives present. They are widely
used in different areas such as bactericidal and water purification applications. Some of
the major applications of TiO, photocatalyst are shown in Figurel.1 TiO, photocatalyst
is considered to be used for several other applications such as water disinfection,
determination of dissolved organic nitrogen compounds in natural waters,
photoreduction of mercuric salt solutions (Jacoby et al., 1998; Lau et al., 1998). Some
of the TiO,-based photocatalytic products that have appeared in the market in Japan are
shown in Table 1.1

Self Cleaning | «— | TiO,Photocatalyst | —» | Antifogging

Surfaces Surfaces
Air Photocatalytic Photocatalyti
Purification Cancer Treatment Sterilization

Figure 1.1 Major applications where TiO, photocatalyst ( Fujishima et al., 2000)



Table 1.1 TiO,-based photocatalytic products that have appeared in the market in Japan
(Fujishima et al.,2008)

Categories Products Properties
Purification Air conditioners, air cleaners, purification Air / water cleaning
facilities system for pools antibacterial
Household goods Clothes, leathers, fibers, sprays, lighting Self-cleaning

antibacterial

Road construction Traffic sign lamp covers, coating, road blocks,  Self-cleaning, air

materials soundproof and tunnel walls cleaning
Interior furnishing ~ Wallpaper, tiles, window blinds Self-cleaning
materials antibacterial
Exterior Glass, plastic films, tiles, tents, coating, Self-cleaning
construction aluminum panels

materials

Others Facilities for agricultural uses Air cleaning ,

antibacterial




Figure 1.2 Polycarbonate plastic and epoxy resins

1. 2 Objectives

The objective of this research is to investigate photocataltic activity of Zr-doped
TiO, on organic compounds like these materials (Methylene Blue (MB) , Purple Dye
(PD) , Methly Orange (MO) and Malecite Green (MG) ).

The most important objectives for the study are as followed:

(i) Characterize prepared TiO, and Zr-TiO, particles

(if) Compare the photocatalytic activity of TiO, and Zr-TiO, in Organic
Compounds degradation under irradiation by sunlight

(iii) Determine the effects of the amount of Zr - doping



1.3 Organization of the thesis

This thesis is divided into five chapters. Chapter 1 is an introduction to the
motivation and objectives of the project, followed by a description of the scope of the
thesis. Chapter 2 is a literature review of the photo oxidation process in wastewater
treatment. In Chapter 3, the materials and analysis methods used in this study are
described. The experimental results and discussions are demonstrated in Chapter 4.

Finally, a summary of the findings from this thesis is presented in Chapter 5.






2. LITERATURE REVIEW

2.1 Studies on Synthesis of TiO; Particles
2.1.1 TiO; nano particles

Titanium (Ti) is a chemical element in the periodic table, atomic number 22, and
atomic weight 47.90, it occurs in the fourth group of periodic table, as shown in Figure
2.1 and its chemistry shows similarities to that of zirconium and silicon, the outer
electronic arrangement is 3d24s?, and the principal valence state, correspondingly of **,
and 2*, known as being less stable. Titanium burns in air when heated to give the oxide,
TiO..

TiO, exists in three various crystal structures that are anatase (tetragonal),
brookite (orthorhombic) and rutile (tetragonal), as shown in Figure 2.2 (Macwan et al.,
2011). Rutile is thermodynamically stable and chemically inert phase even in strongly
acidic or basic conditions but anatase and brookite are thermodynamically metastable
that transform to rutile when they are heated, Table 2.1 Each crystal structure show
specific chemical, physical and optical properties controlling their applications, Table
2.2 With the highest refractive index, Anatase has higher photocatalytic activity than
rutile (Liu et al., 2003; Sclafani et al., 1996). rutile has found extensive use in paintings
and inks as a white pigment (Cassaignon et al., 2007). But brookite is seldom interested
because of its instable properties. As it is shown from the unit cells of anatase and rutile
given in Figure 2.2 the basic building block consists of a titanium atom enclosed by six
oxygen atoms in a more or less deformed octahedral configuration. In rutile,
neighboring octahedral share one corner along [1 1 0] type directions are accumulate
with their long axis. In anatase , the corner sharing octahedral form the (0 0 1) planes.
They are linked with their borders with the plane of octahedral below. In all three TiO,
structures, the accumulate of the octahedral come in three fold coordinated oxygen

atoms.



Periodic Table of the Elements © www.clomentsdatabese com

W hydrogen m poor metals
alkali metals 0 nonmetals

o alkall carth metals » noble goases

W transition metals W rare varth metals

Anatase

Figure 2.2 Crystallographic structures of TiO,,

Table 2.1 Phase transition of titanium oxide.

AMORPHOUS Temperature. Temperature. Temperature.
650 °C 375°C 510°C
RUTILE ANATSE BROOKITE




Table 2.2 Physical and chemical properties of three TiO, structures (Rodai et al., 2004).

Properties Rutile Anatase Brookite
Molecular formula TiO, TiO, TiO,
Molar mass g/mol 79.866
Crystal system Tetragonal Tetragonal Orthorhombic
Energy gap Ev 3.06 3.29
Color White solid White solid White solid
Density point °C 4.27 3.90 4.13
Melting point 1855 Transformed into rutile  Transformed into rutile
Boiling point 2972
Refractive index (nD) 2.609 2.488 2.583
Dielectric constant € 110~117 48 78
Hardness (Mohs scale) 7.0~7.5 5.5~5.6 5.5~5.6

The phase diagram of Ti-O system is given in Figure 2.3 As seen in the

Figure 2.3 Ti-O system has many stable phases, which is an indication of easy
reducibility. The region Ti,O3+TiO; also includes seven phases (TinO2n-1) (Diebold

and Surf. Sci.2003).

=000
E+lia. a4 lig liq. Tiy Oy + lig.
= TiC (high- 7
1800 /’ f-r_-‘rl'l'l:l.)j: lig. __H'nﬂzn—'l
—_——— *n=4=10
1600 TiO
1
! (high=temp,)| Tiz Oy
1400 +Ti0
.‘,‘i (high=
- temp.)
1200 TiC(high-
E temp.) o T
- =2 F
£ 1000 & 3
£ -
~ Ti; 0=+ TiO S
800 (low-temp,} Tiz Oy L gﬂ
GO0 TiO (]l ow- ]
A temp.) Tio {low-temp.)
MT’.ZG 4+ Ti> {high-lt emp.y
0.2 0.4 0.6 .8 1.0 1.2 1.4 1.6 1.8 2.0

Ratio O/ Ti

Figure 2.3 Phase diagram of Ti-O system (Samsonov et al.,1973).

In addition to the crystal structure, shape and size of the Nano particles also

play a serious role in application fields. The morphology of TiO, particles controls the

surface-to-volume ratio, thus the active sites on the particle surface. Relying on the
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production methods and reaction conditions Nano sized titania particles may be

spherical, tube, rod, fiber, pinecone and flower as show in Figure 2.4

(¢) panecone

Figure 2.4 SEM images of TiO; nano particles.

In different morphologies (a: (Sun et al., 2010).b: (Macak et al., 2005).c, d:
(Chen et al., 2007). e, f: (Li et al., 2006)).

TiO, is one of the ultimate studied inorganic metal oxides because of its
superior optical properties of high refractive index that leads to high hiding power and
whiteness, high surface area, porosity, chemical stability and relative low production
cost. Thus, titania Nano crystals including optoelectronic, electronic and catalytic
properties are used as sensors (Sotter et al., 2007; Diebold and U., 2003; Katayama et
al., 1990).antireflection (Vicente et al., 2002). for the reduction of CO;

(Wu et al., 2005; Liu et al., 2007). photovoltaic cells (Watanabe et al., 2006).
self-cleaning (Allain et al., 2007). antibacterial-coatings (Kartsonakis et al., 2008; Evans
et al., 2007). Pigment for dyeing, filler of plastics and papers (Nelson et al., 2008). and
photocatalyst for environmental purifications (Sakkas et al., 2010; Xiong et al., 2010).
the performance of TiO, Nano particles in these application fields strongly depends on
their size, shape and crystal structure.

Danciu et al., (2008), Explored the preparation of TiO,-ZrO, aerogels and
worked at their photocatalytic activity. The best catalytic activity was obtained for 9.39

% Zr in mixed oxide.
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Rehman et al., (2009), Explained the strategies of making TiO, and ZnO visible
light active. Among the various techniques employed to produce TiO, sensitive to
visible light, co-doping of nanometals has produced the most significant results.

Liu et al., (2009), Prepared Zr doped TiO, nanotube arrays by electrochemical
method and studied photocatalytic activity with Rhodamine B. The results showed that,
the photocatalytic efficiency of Zr doped TiO, nanotubes was much better than that of
TiO; nanotubes.

Gao et al., (2010), Successfully reported the incorporation of Zr ion into bulk
lattice of TiO, via a multi-step sol-gel process. The Zr-doped TiO, photocatalysts
exhibited much higher photocatalytic efficiency from pure TiO; in the degradation of
bisphenol A under UV irradiation and complete mineralization of BPA was completed.
The ultimate photocatalytic activity of Zr doped TiO, was attributed to gradually
upward shift of the conduction bands together with increasing Zr content, thus resulting
in a stronger reduction power of photogenerated electrons and participate to the
improved photoactivity.

Murugesan et al., (2011) . Successfully synthesized Zr**, La®*" and Ce®*" doped
mesoporous TiO, materials by sol-gel method and evaluated their photocatalytic
activity.

Mu et al., (2011), Prepared Si-doped TiO, nanoparticles with anatase crystalline
phase by a hydrothermal method using acetic acid like a solvent. The photo
electrochemical results show that doping of suitable amount of Si in TiO, assist in fast
movement of electrons towards cathode. This can be described by the easy transfer and
separation of photo produced electrons and holes.

Andronic et al.,, (2011),Studied the photochemical synthesis of copper
sulphide/titanium oxide photocatalyst and examined its dye degradation efficiency
(methyl orange and methylene blue) under UV and visible light irradiation. The
enhanced activity of composite was explained by the irreversible charge separation,
decrease in the kinetic bonds when interacting with the dye molecules.

Kambur et al., (2012), Reported the preparation of TiO,-ZrO, binary oxide
nanoparticles and estimated its performance for the photodegradation of phenol. And

catalytic activity of binary oxide in 50% wt ratio was found to be high.
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Kim et al., (2012), studied the preparation of visible light responsive zirconium-
doped TiO,/SiO, photocatalyst by sol-gel process. It was found that doping of TiO,
with suitable amounts of SiO, and zirconium can enhance its photocatalytic activity.
The addition of SiO, supress the particle size and TiO, phase transformation from
anatase to rutile and promote thermal stability of composite. The addition of zirconium
results in exact, more uniform particles and increased surface acidity of the TiO,
catalysts due to formation of powerful surface OH groups. The absorption spectrum of
Zr doped TiO,/SiO; catalyst shifted significantly to visible light region as compares to
TiO, alone.

Liu et al., (2012), Reported that cerium-doped SiO,/TiO, nano structured fibers
were prepared by a self-confident sol-gel method and checked its effect on the
degradation of methylene blue (MB) under artificial sunlight irradiation. The 0.2% Ce-
doped SiO,/TiO, fibers exhibited higher photocatalytic activity towards decomposition
of MB.

Mattsson et al., (2013), Synthesized Zr and Y co-doped TiO, nanocomposite
and studied its characterization, phase stability, photocatalytic properties and surface
chemical.,

Wang et al., (2013), Examined the photostability of titanium dioxide by coating
it with cerium ,zirconium as well as some other transition metal oxides. It was shown
these coating materials significantly get better the photo-stability of TiO, particles, even
with a small coated amount.

Das et al., (2013), Studied the preparation of composites of new series of Ti*" by
co-precipitation of homogeneous solution metal salts. And derived mixed oxides show
better activity towards photodegradation of methylene blue and rhodamine B and those
of a physical nature of ZnO and TiO,.

McManamon et al., (2013), Examined the effect of addition of various dopants
to TiO, nanocomposites for the enhancement of photocatalytic activity. The different
dopants used were Ag, Zr and S and were found to be efficient in doping.

Park et al., (2013), Studied semiconductor TiO, photocatalysts as well as the
latest modifications of TiO, photocatalyst to get better the photocatalytic activities for

an advanced oxidation process.
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Kokporka et al., (2013). Synthesized the nanocomposites of mesoporous TiO,-
ZrO, and showed the improved photocatalytic activity by production of H, under visible
light irradiation. Addition of ZrO; to TiO, leads to thermal stability of TiO, even at 800
C’ and also retards the transformation of anatase to rutile form.

Sasikala et al., (2013), Reported that hybrid photocatalyst of ZrO,-TiO,-CdS
nano size showed enhanced photocatalytic activity for hydrogen generation from water
as compared to its constituent single phase oxides. The increased activity of many
component catalyst is attributed to decreased particle size of CdS and increased age of
the charge carriers resulting from the efficient interfacial transfer of photo generated
electrons at the CdS/TiO, and CdS/ZrO; interface.

Matejova et al., (2013), Studied the photocatalytic reduction of carbon dioxide
with the recently synthesized gold enriched TiO, and TiO,-ZrO, catalysts which are
prepared by sol-gel method. It was shown that photocatalytic activity decreases over
AU/TiO2-ZrO, and Au/TiO, compared to parent counterparts. It can be demonstrated by
existence of too large Au particles which block oxide surface and either reduces the
light absorption ability of catalysts.

Kapusuz et al., (2013), successfully synthesized composites by doping and co-
doping B and Zr ions in anatase TiO, lattice by using sol-gel method to show increased
photocatalytic performance to higher levels. It was consummated that photocatalytic
activity of TiO; increased by doping with B and Zr which result in formation of oxygen
vacancies in crystal and also forming Ti*" defects which result in formation of more
energy levels and so on increase the photocatalytic activity.

Gambhire et al., (2014), Announced the synthesis of anatase TiO, nanoparticles
by sol-gel method which were doped with different metals and non-metals and studied
their photocatalytic conduct by insulting MB. The prepared photocatalyst exhibited
higher specific surface area and smaller shape particles. The high photocatalytic activity
of the C-TiO, under visible light irradiation can be attributed to smaller particle size and
high specific surface area, optical absorption and showed photocatalytic activity in the

visible region.
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2.2. Modifications of TiO, Nanomaterial’s

2.2.1 Electronic processes in TiO, photocatalysis

Photocatalysis is excessively utilized to describe the process in which the
acceleration of a reaction occurs when a material generally a semiconductor, interacts
with light of appropriate energy (or of a certain wavelength) to produce reactive
oxidizing species that lead to the photocatalytic transformation of a pollutant. It must be
noted that during the photocatalytic reaction, at least two proceedings must occur
together for the effective production of reactive oxidizing type to occur. Typically, the
first include the oxidation of adsorbed H,O by photogenerated holes, the second include
reduction of an electron acceptor by photoexcited electrons, and these reactions lead to
the production of a hydroxyl and superoxide radical anion, respectively (Mills et al.,
1997). In photocatalysis, light of energy bigger than the band gap of the semiconductor,
which excites an electron from the valence band to the conduction band, as shown in
Fig.2.6 In case of anatase TiO,, the band gap is 3.2 eV, thus UV light (A < 387 nm) is
desired. Fig.2.5 (Kim et al., 1998). The absorption of a photon leads to excites an
electron to the conduction band (e“®) generating a positive hole in the valence band
(h+VB)

TiO+hy > h* VB +e®® . (Eq.1.1)
ultraviolet visible infrared
— : —
o eI EILE | =
Tt E BTt e

<~ Area photoactivity of TiO;

A A A 1

10.0 5C 4.0 3.0 2.5 2.0 1.7 1.5 1.3 E/eVv

Figure 2.5 The light spectrum with the zone of action TiO,,

by band gap illumination (Ibhadon and Fujishima et al., 2008). leading to the

creation of “electrons” in the conduction band and “holes” in the valance band
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Figure 2.6 Schematic of semiconductor excitation.

Charge carriers able to be trapped accordingly Ti** and O~ defect sites in the
TiO, lattice, or they can recombine, disperse energy (Tachikawa et al., 2007). The
charge carriers can migrate to the catalyst surface and initiate redox reactions with
adsorbents (Cozzoli et al., 2003). Positive holes able to oxidize OH" or water at the
surface to output "OH radicals (Eg. 1.2) which, are quite powerful oxidants Table 2.3.
The hydroxyl radicals can then oxidize organic species with mineralization producing
mineral salts, CO, and H,O (Eq. 1.5) (Hoffmann et al., 1994).

Table 2.3 Oxidation potential (V)

Oxidant Oxidation potential (V)
"OH ( hydroxyl radical ) 2.80
05 ( Ozone) 2.07
H20, 1.77
HCLO (hydrogen peroxide ) 1.49

CL" ( chlorine) 1.36
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e® + h*VB 5 energy (Eq. 1.2)
H,0 + h"V® -"OH + H* (Eq. 1.3)
0,+e“® 50, (Eq. 1.4)
‘OH + pollutant -——H,0+CO, (Eqg. 1.5)
0,"+ H" -"O0H (Eqg. 1.6)
‘'O0OH + ‘'OOH — H;0,+0, (Eq. 1.7)
O, + pollutant -——H,0+CO; (Eq. 1.8)
‘OOH + pollutant — H,0+CO, (Eqg. 1.9)

Electrons in the conduction band able to be rapidly trapped by molecular oxygen
adsorbed on the titania particle, reduced to take shape superoxide radical anion (O, )
(Eq, 1.4) that may further react with H+ to generate hydroperoxyl radical (OOH) (Eq.
1.6) and moreover electrochemical reduction yields H,O, (Eg. 1.7) (Emilio et al., 2006;
Choi et al., 1994). These reactive oxygen species may also participate to the oxidative
pathways such as the degradation of a pollutant (Eg. 1.8 and 1.9) (Tachikawa et al.,
2007; Hoffmann et al., 1994; Emilio et al., 2006). The effectiveness of titania
nanomaterials in the above mentioned applications mightily depend on their physical
and chemical properties like of crystallinity, crystal structure, crystallite size, specific
surface area, thermal stability and quantum efficiency (Ohtani et al., 1997; Aust et al.,
2006). For example, in solar applications a narrower band gap energy is proper to obtain
a higher photon capture efficiency. Undoped TiO, display a wide band gap, which
allows using only a small fraction of the available solar energy (<5 %). Thus, it is very
wanted to get better the TiO, nanomaterial in order to increase their optical activity by
shifting the start of the response from the UV to the visible region. A mighty deal of
research is focusing on modifying the properties of TiO, in order to fulfill these
desirable properties. In general, the modification of TiO, nanomaterial can be separated

into two main groups, first, bulk modification and second, Surface modification.
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(i) Bulk modification
Strange-element-doping is one of the famous methods to enhance the
performance of titania nanomaterial (Chen et al.,, 2007). Generally, two different

approaches:

1) Zr, Si, or Al is added to increase the thermal stability and surface area (Durr
et al., 2006; Sivakumar et al., 2004; Kitiyanan et al., 2006).

2) Fe, C, N, Cr, S, V, Mn, Co is added to shift the absorption edge over a
broader range (Adan et al., 2007; Wu, J. M. and Qi, B., 2007).

In some cases, simultaneous cation and anion doping of TiO, also helps in
improving the desirable bulk properties of TiO, (Wang et al., 2006).investigated the role
of a potential promoter, ZrO,, in enhancing the activity of TiO,-xNx for the oxidation of
gaseous organic compound.The nitrogen-doped photocatalysts were synthesized by
reacting amorphous metal oxide xerogels via a sol-gel process with an ammonia
solution, followed by calcining the products. They reported that ZrO, helped to prevent
grain growth and preserve the surface area resulting in higher activity.

(i) Surface modification
Sensitizing TiO, with inorganic or organic compounds can improve its optical
absorption in the visible light region(Gratzel, 2001; Tachikawa et al., 2007). In
addition, modification of the TiO, nanomaterials surface with other semiconductors can
change the charge-transfer properties between TiO, and the surrounding
environment(Lin et al., 2007; Robel et al., 2007).
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2.2.2 Doping

Doping is occupied for the improvement of photoresponse of TiO,. To do so,
noble metals, transition metals, rare earths, and non-metals are used (Pelaez et al.,
2012). Doping decreases the recombination rate of electrons and holes. lons used for
doping act as electron traps. Also, they decrease the band gap energy (Hoffmann et al.,
1995).

CcB _
: -0.5V
H20,; €<— O3 e
l ‘ hV3
OH" hve |
OH™ h'
he +2.7
vB

OH"*

Figure 2.7 Mechanism of TiO, photoctalysis:
hv1: pure TiO,: hv2: metal-doped TiO, and hv3: nonmetal-doped TiO».

2.2.2.1 Transition metal doping

Transition metal ions provide extra energy levels within the band gap of a
semiconductor. The energy required from one of these levels to the conduction band is
lower than photon energy required for the situation of unmodified TiO,. In other words,
doping decreases the band gap (Teh et al., 2011). Another benefit of transition metal
doping is the improved trapping of electrons to prevent electron-hole recombination
during illumination. Amount of dopant has a profound effect on photocatalytic activity.
Very small concentrations are beneficial for the process; but large concentrations are
detrimental for the photocatalytic activity of TiO, (Linsebigler et al., 1995). For a
photocatalytic reaction to occur electrons and holes must be transferred to the surface of
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the photocatalyst. Thus, dopants should be near to the surface of photocatalyst for
efficient charge transfer (Gupta et al., 2011).

2.2.2.2 Zr doping

Zr acts as a stabilizing agent of anatase by shifting the anatase to rutile
transformation temperature to higher values. Also, doping with cations having valance
smaller than +4 accelerate the transformation due to the provision of a charge
compensation mechanism by which the vacancies that enhance the atom transportation
in the system are formed. On the other hand, cations with valance higher than +4 hinder
ionic transformation with formation of Ti** cations that results with suppression of the
transformation (Kapusuz et al., 2011; Lukac et al., 2007). Zr suppresses anatase to rutile
transformation by two main mechanisms. Zr doping increases the strain energy by
substituting the Ti*" in anatase structure. For phase transformation to take place firstly,
strain energy must be overcome to initiate the phase transformation (Kingery et al.,
1976). Also, formation of Ti-Zr-O bond shifts the transformation temperature to higher
values by decreasing the mobility of Ti atoms (Yang and Ferreira 1998; Reidy et
al.,2006). Zr doping decreases the recombination rate of electrons-holes by trapping
electrons (Kapusuz et al., 2013). lonic radius of Zr** (0.86 A) are bigger than that of
Ti*" (0.745 A) (Shannon et al., 1969). Consequently, with a successive doping an
expansion at the lattice is expected. Structure tries to compensate this energy by
forming defects (Hirano et al., 2003).

2.3 Production routes of TiO, Nano particles

For any application field, Nano particles with the controlled crystal structure,
size and shape can be synthesized by using an appropriate production method and by
controlling the process parameters during the synthesis.

TiO, nanoparticles have been prepared by various methods such as,

1- aerosol-assisted chemical vapour deposition (Asif et al., 2012)

2- hydrolysis, micro emulsion method (Shen et al., 2011)
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3- chemical precipitation method (Mashid et al., 2006)

4- chemical vapour deposition (CVD) (Jian et al., 2011)

5- sol-gel technique (Bahadur et al., 2011)

6- microwave assisted hydrothermal synthesis (Melis et al., 2012)
7- spray deposition (Uzunova et al., 2010)

8- sputtering (Song et al., 2009)

9- solvothermal method (Zhang et al., 2009)

10-  thermal plasma (Tanaka et al., 2011)

11-  hydrothermal method (Oh et al., 2009)

12-  Flame combustion method (Zhao et al., 2007)

Among these methods hydrothermal and sol-gel method are simple method for

synthesis TiO, nanoparticles.

2.3.1 Hydrothermal process

The hydrothermal commonly refers to any heterogeneous reaction in the
existence of agueous mineralizers or solvents under high temperature and pressure
situations (Byrappaet al., 2001). This synthetic method is normally taking placed in
steel pressure container called autoclaves with or without teflon liners under controlled
temperature and pressure with the reaction in aqueous solutions. The temperature can be
raised above the boiling point of water, arrive the pressure of vapor saturation.
Temperature and the amount of solution added to the autoclave in general define the
interior pressure produced (Chen et al., 2007). When selecting a suitable autoclave, the
most important parameters are the experimental temperature and pressure situations and
the corrosion resistance in that pressure-temperature range in a specific solvent or
hydrothermal fluid. If the reaction is taking place straight in the container, the corrosion
resistance is a firstly factor in the choice of autoclave material., The most successful
materials which are corrosion resistant are high-strength alloys, like 300 series
(austenitic) stainless steel, nickel, iron, cobalt-based super alloys, and titanium and its

alloys (Byrappa et al., 2008) .To prepare nanoparticles with photocatalytic properties
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many researchers have been using the hydrothermal method (Yang et al., 2009; Livraghi
etal., 2013; Tang et al., 2013)

2.3.2 Sol-Gel Process

The sol-gel process has become the ultimate closely used method for the
synthesis of semiconductor photocatalysts. It is a powerful method for tailoring metal
oxides to suitable particular applications since a considerable number of parameters
can be adjust: e.g., the nature of the precursors, catalyst nature and concentration,
temperature and time of reaction, pH, addition of organic additives, reagent
concentrations, the amount of water added and aging temperature and time, The main
benefit of the sol-gel method is the homogeneous mixing at the molecular level of metal
ion which increases the forming of polycrystalline particles with special properties.
Other great benefit of the sol-gel method is that during some stage of the process, it is
possible to mix different types of dopants. The combination of an active dopant in the
sol during the gelation phase permits doping elements to have a direct interaction with
backup in such a way that the photocatalytic properties of the material can be enhanced
(Zaleska, 2008). The sol-gel method can be known as the conversion of a precursor
solution into an inorganic solid by inorganic polymerization process induced by water,
it utilizes as a precursor an aqueous or alcoholic mixture of metal-organic (alkoxides) or
inorganic salts (chloride, acetate, nitrate, sulfate, etc.). The sol-gel process consists of
the preparation of a homogeneous solution follow by the next steps: (a) transformation
of the homogeneous solution into a sol by treatment with an appropriate reagent (water
with or without any acid/base) (b) aging (c) shaping and (d) thermal treatment
(Niederberger, 2009).The precursors are hydrolyzed and condensed to take shape
inorganic polymers consist of M-O-M bonds (Brinker et al., 1990).moreover
condensation results in a gel. The gels can be dried under hypercritical statuses and
aerogels are produced. When the gel is dehydrated under ambient conditions, a xerogel
is obtained. The gel is thereafter thermally treated to yield the desired material, and
many forms such as monoliths, films, fibers, and monosized powders can be shaped. In
different studies, TiO, has been commonly synthesized by sol-gel method using as
precursor titanium (IV) n-butoxide (Su et al., 2004; Han et al., 2012; Liu et al., 2011,
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Choi et al., 2011).be based on the synthesis conditions and temperature of calcination
anatase or rutile phase can be gained. The influence of the nature of the oxide precursors
has been showed in a research work when the preparation of TiO, was carried out by the
sol-gel method from two various alkoxide precursors: titanium (IV) and titanium (IV) n-
butoxide isopropoxide (Saragiotto et al., 2008). The catalysts were used in the
photocatalytic degradation of textile dye .Reactive orangel122 irradiating with a 300-W
tungsten lamp. A reduction of 65.8 % in TOC was spotted with TiO, gained from n-
butoxide precursor, while with TiO, from isopropoxide, the extreme mineralization
accomplished was 27.7 % in 60 min. The writer’s referred to the improved activity to
the high dispersal of the particles gained when titanium (IV) n-butoxide was used as a
precursor. Changes in the band structure can be carried out by doping TiO, or ZnO
using various synthesis techniques. The sol-gel methods has the advantage that does not
demand complicated devices and provides simple and easy means for preparing doped
nanosized particles. The tungsten, silver, and tungsten/silver co-doped TiO,
nanopowders were prepared by sol-gel method (Tobaldi et al., 2013). over the synthesis;
titanium (1V) isopropoxide was hydrolyzed using a water/HNO3 solution to prepare Ag-
TiO,, W-TIiO,, and Ag-W-TiO, samples, tungstic acid or silver nitrate was added to the
produced TiO, sol. The synthesized gels were dried at 120 C°, and then, the dried gels
were thermally treated at 450 and 600 C° in a static air flow. The simultaneous presence
of anatase, rutile, and brookite was found out in the gels thermally treated at 450 C°. At
600 C°, the only crystalline phases were rutile and anatase. The photocatalytic activity
of the samples was estimated under UVA light and visible light irradiation on the
degradation of methylene blue solution. The doped and undoped titania and co-doped
powders, calcined at 450 C°, display an appreciable photocatalytic activity under visible
light irradiation, preferable than aeroxide TiO, P25 confirmed by TOC analysis.
Numerous coupled semiconductor oxides have been also prepared by means of the sol-
gel process including Cr,03-TiO,, TiO2-NiO,WQO3-TiO,, ZrO,-TiO, , Fe,03-TiO,, and
Fe,03-Zn0O, among others. precursors of together metal oxides were hydrolyzed both
under stirring, The synthesis of mixed metal oxides by sol-gel method mostly affect the
surface area with respect to pure metal oxide, which is a significant parameter involved

in the photocatalytic activity of a semiconductor material.,
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The advantages of the sol-gel process are summarized as follows (MacKenzie, 1981) :

. Best homogeneity from raw materials.

. Best purity from raw materials.

. Less temperature of preparation.

. Good mixing for multi-component systems.

. Efficient control of particle shape, size and properties.

. Best products from the special properties of gel.

. The creation of special products like films.

. Creation of new non-crystalline solids outside the range of ordinary glass formation.

© 00 N o O b~ WwN -

. The exact tuning of chromatographic selectivity by the possibility of creating hybrid
organic-inorganic materials.
10. The chance of designing the material structure and property through the suitable
selection of sol-gel precursor of other building blocks.
11. The chance of achieving enhanced constant phase stability and performance in

chromatographic separations.
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Figure 2.8 Photocatalytic Degradation Scheme X. (Ding et al., 2008)



3. MATERIALS AND METHODS
All experiments were carried out in the Mechanical Engineering Department

laboratory, Faculty of Engineering University of Yiizincii Y1l, Van, Turkey. During the
period from October 2016 to November 2017.

3.1 Lab Equipment

Figure 3.1 Labrotory of nano technology.
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Figure 3.2 Second-view of labrotory of nano technology.

3.2 Material Synthesis

3.2.1 Production of Zr doped TiO; produced by PCCM solgel technique

Zr doped TiO, absorber particles (Zr-T) were obtained from homogeneous
solution precipitation technique 0.1 M Titanium (1V) isopropoxide and different
Zirconium (I1V) butoxide concentrated solution were dissolved in 2 methoxyethanol and
iso-pronaol mixture ( 50:50 W%). The solution heated up to 80 C° for 2h under reflux.
A blue wish gel was formed when the solution cooled in room temperature. Finally,
homogenous precipitates particles were annealed under open atmosphere at 500 C° for 1
h for annealing. After annealing the particles was homogenized by ultrasonic and
mechanic lab scale homogenizer. Undoped TiO, absorber particules were obtained with
the same procedure as above except the addition Zr solution during reflux treatment.
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3.2.2 Hydrothermal treatments

Autoclaves provide a physical method for disinfection and sterilization. They
work with a combination of steam, pressure and time. Autoclaves operate at high

temperature and pressure in order to kill microorganisms and spores.

Figure 3.3 High Pressure Titanium Autoclave.

They are used to decontaminate certain biological waste and sterilize media,
instruments and lab ware. Regulated medical waste that might contain bacteria, viruses
and other biological material are recommended to be inactivated by autoclaving before

disposal.,
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Figure 3.4 Series analytical balance.

Nanoparticles are tiny, so Series Analytical Balance (Figure3.4) was used in this
work, it has high capacity semi micro ranges and Anti-static glass breeze break with a

thin evaporated metal coating.
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LB

Figure 3.5 Furnace for calcination.

Calcination furnace (Figure 3.5) is mainly intended for modifying ashes in
various cereal products. Ash is the measurement of a mineral material remaining as non-
flammable remnants of the sample. Its temperature can be set to 300 C° up to 1100 C°

depending on its implementation

3.2.3 Production of Zr doped TiO; absorber layer produced by hydrothermal
technique

Zr doped TiO, absorber particles (Zr-T) were obtained from homogeneous
solution precipitation technique 0.1 M Titanium(lV) isopropoxide and different
Zirconium (I1V) butoxide concentrated solution were dissolved in 2 methoxyethanol and
iso-pronaol mixture ( 50:50 W%). The solution heated up to 80 C° for 2h under reflux.
A blue wish gel was formed when the solution cooled in room temperature. By way of
autoclave treatment that the blue wish gel was transferred into titanium autoclave where
hydrothermal treatments of it was in progress at 190 C° for 24 hours, effect of

absorption of absorber layer. After autoclave treatment, the % 5 Zr particles have more
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transparent than obtain by sol gel technique. Finally, homogenous precipitates particles
were annealed under open atmosphere at 500 C° for 1 h for annealing. After annealing
the particles was homogenized by ultrasonic and mechanic lab scale homogenizer.
Undoped TiO, particules were obtained with the same procedure as above except the
addition Zr solution during reflux treatment.

Figure 3.6 Zr doped TiO,.

(where used in experiments ) with two tubes of different concentrated % of
Zr doped TiO,,

3.3 Photocatalytic Experiment Set Up

3.3.1 Setup box

Figure 3.7 Closed wood box.

Box where used for hits light on the materials ( TiO, , Zr doped TiO;)
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This box is made of wood and inside covered by aluminum papers in all faces to
reflect all lights on the stirring solution. we put UV light bulb inside also , and during
the process the box is closed we add TiO; and put the beaker with the solution on a
stirring plate UV light bulb and a second beaker is carefully placed inside the solution to

activate the TiO,.

Figure 3.8 0.5 m M of Organic compounds.

We used in our experiment like precursors and then added 2.5 L of deionized

water and put it on the stirring plate for one hour (this is we called solution) .
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Figure 3.9 Test tubes with rack.

Every 5 minutes we take sample to test it (photocataltic activity ). We measure

the absorbance of specific light wavelength; and watch the concentration

cancerogenic diminish over time.

of the



4. RESULT AND DISCUSSION

4.1. SEM Analysis

Figure 4.1 SEM images of bare TiO; (a), 1% Zr modified TiO, (b), 2%Zr modified
TiO; (c), %5 Zr modified TiO, (d) % 10 Zr modified TiO, (e) and Bare
ZrO, (f) obtained by autoclave hydrothermal technique.

After thermal threatment, which was described cheapter 3, homogenous
precipitates particles were annealed under open atmosphere at 500 C° for 1 h for
annealing. After this step, due to needing surface caracterization, it has been conducted
SEM anlysis. According to SEM results better not agglomerate particles has been
obtained via hydrothermal treatment. As the zirconium concentration increases, the
particle size decreases. Not only it happned, but also the surface areas of the particles
being visibly increased. After autoclave treatment, the % 5 Zr particles has more
transparent than obtain by sol gel technique. The best particules size has been achived
by 5 % Zr addition.
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Figure 4.2 UV spectra of Zr modified TiO, powders obtained by Sol Gel method.

According to (Figure 4.2) 5 % Zr modified particules shows best absorption
coefficient at UV region of wavelength. It has nearly 40 % transmittance, highest
transmittance means that more light can be reach band gap region. In order to get higher

photovoltaic exited level, the semiconductor has to be absorb part of UV region (< 400

nm).
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Figure 4.3 Comparison of % 5 Zr modified TiO, produced by sol-gel and
Hydrothermal autoclave technique.

Because this part of region cannot be absorbed by TiO; particules easily, it has
highest energy on all of the sun light spectra. Changing in transparency can be clarified
by Egap shifting. Zr modified TiO, powders by hydrothermal method has higher
absorption capability than Solgel based, it is important to band gap engineering, just

change of production method, having higher band gap powders can be produced.
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4.3. Egap Calculation Of Zr Modified TiO, Materials.

Table 4.1 Egap of Zr doped TiO2nano composite powders obtained by sol gel method

Sample Egap (eV) Egap

Sol-gel  Autoclave

100 % TiO, 3.21 2.54
2% Zr0,-93 % TiO2 3.40 3.45
5% Zr0,-95 % TiO2 3.80 3.95
20 % ZrO,-80% TiO2 4.38 4.42
100 % ZrQ, 4.90 5.7

According to Figure 4.3 and table 4.1, Zr modification effect of Egap of TiO..
Increasing the Zr concentration in TiO, matrix increases the Egap of powders. The
maximum Egap (4.90 eV) obtained while concentration reach the 100 % Zr. The 5 % Zr
modified powder has 3.80 eV which is the higher Egap than commercial TiO, used
photocatalytic activity. Highly Egap cause the decrease the electron recombination and
decrease the electron accumulation on the semiconductor structure. It can be seen that
there was a blue shift in the UV-absorption edge of the Zr modified electrodes relative
to the bare TiO,. Higher band gap means that; Zr modified absorber layer can a few
absorb incident light, and allow to lighter pass TiO, Egap region. According to the
Burstein—Moss effect, occupied donor electrons block the lowest state in the conduction
band, which is responsible for the increased optical band-gap the blue shift in the optical
band-gap of the Zr modified photo electrode indicating that the surface Fermi level is

shifted toward the higher energy side.
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Figure 4.4 Linear portion of the (athv) 2 vs photon energy (E (ev) graph of p25 powders
(@), 2 % Zr modified TiO2 (b), 5 %Zr modified TiO, powders (c) 20 % Zr
Modified TiO, powders (d), ZrO, powders (e) obtained by sol gel method.
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4.4. XRD Analysis of Zr Modified TiO, Particles
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Figure 4.5 XRD patterns of ZrO2, TiO,, 5 % ZrO,-TiO;, and 50 % ZrO,— 50 % TiO,
by obtained solgel (PCCM) method.

All samples were prepared using PCCM and and they were annealed at 500 C°
for 1 hour. These results show that TiO, powders consist of anatase titania crystal; rutile
phase could not be detected. The diffraction peaks from ZrO, powders can be assigned
to the tetragonal structure (JCPDS 42-1164). However, ZrO, was dedected on % 5 Zr-

TiO, sample. It was unwanted on photocatalytic applications.
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4.5. XRD Analysis of TiO, and 5 % ZrO,-TiO
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Figure 4.6 XRD patterns of TiO, and 5 % ZrO,-TiO, by obtained hydrothermal
method.

Doping of 5 % Zr did not affect the final TiO, powder crystalline phase.
Moreover Zr is an inhibitor agent for grain growth agent for rutile, which is unwanted
phases at photocatlytic application, in TiO, matrix. Hydrothermal treatment is more

effective than solgel (PPCM) method for unwanted phase protection.
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4.6. XPS Anlysis of Zr Modified TiO, Particules
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Figure 4.7 XPS analysis graph of the 3d band belonging to zirconia.

XPS analysis graph of the 3d band belonging to zirconia is shown in Figure 4.7
The zirconium pile at 100 % zirconium concentration became evident, while the
concentration decreased, and at 1 % concentration, it became a rarely visible noise
format. The reason for this is that zirconium ions can act as a component in the anatase

matrix. This effect allows the crystal structure in low concentrations to remain intact.
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4.7. XPS Anlysis of 5%Zr-TiO, Particules
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Figure 4.8 XPS analysis graph of the 2p band belonging to titanium.
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XPS analysis is one of the most important methods in determining band
diagrams. which is the result of XPS analysis to study the effect of zirconium on the 2P
transition, which is one of the most important of the electronic passages of titanium. it is
evident that the passage to the visible region, for example the UV region, in which 5 %
zirconium is added as shown in this diagram. The effect of the transition at about 460
and 465 nanometers is best seen in the 5 % modified sample.
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Figure 4.9 XPS analysis graph of the 2p band belonging to 5% modified titanium
oxide.

It is seen that the Figure 4.9 is modified with zirconium and the two untreated
samples are compared. the Zr modification has caused the 2p peak to shift to the visible
region from the long wavelength (low energy level), i.e. the UV absorbing band. the
photocatalytic assays were continued with only 5 % Zr-modified particles as this effect

was not seen in other particles.
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4.8. Photocatalytic Analysis

4.8.1. Methylene Blue (MB) Test

Figure 4.10 0.1 mmol of methylene blue, photocatalytic reaction, 15 min.

A graph containing time values versus photocatalytic concen-tration of 0.1 mmol
methylene blue was immediately given under the test photograph. all the experiments
were done with the help of a xenon lantern to simulate the sun's rays. Although the
results of the obtained tests have a longer duration than the results in the literature made
with uv, they are very important in terms of cost analysis and practical use. the resulting
disintegration rates are still faster than the best alternative methods. for this reason a
great obstacle for the commercialization of the particle has come to an end.
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4.8.2. Purple dye (PD) test

Figure 4.11 0.1 mmol of methylene blue, photocatalytic reaction, 15 min.

A graph containing time values versus photocatalytic concentration of 0.1 mmol
purpele dye was immediately given under the test photograph. all the experiments were
done with the help of a xenon lantern to simulate the sun's rays. Although the results of
the obtained tests have a longer duration than the results in the literature made with uv,
they are very important in terms of cost analysis and practical use. the resulting
disintegration rates are still faster than the best alternative methods. for this reason a

great obstacle for the commercialization of the particle has come to an end.
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4.8.3. Methly orange (MO) test

Figure 4.12 0.1 mmol of methylene blue, photocatalytic reaction, 15 min.

A graph containing time values versus photocatalytic concentration of 0.1 mmol
methy orange was immediately given under the test photograph. all the experiments
were done with the help of a xenon lantern to simulate the sun's rays. Although the
results of the obtained tests have a longer duration than the results in the literature made
with uv, they are very important in terms of cost analysis and practical use. the resulting
disintegration rates are still faster than the best alternative methods. for this reason a

great obstacle for the commercialization of the particle has come to an end.
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4.8.4. Malecite green (MG) test

Figure 4.13 0.1 mmol of methylene blue, photocatalytic reaction, 15 min.

A graph containing time values versus photocatalytic concen-tration of 0.1 mmol
Malecite Green was immediately given under the test photograph. all the experiments
were done with the help of a xenon lantern to simulate the sun's rays. Although the
results of the obtained tests have a longer duration than the results in the literature made
with UV, they are very important in terms of cost analysis and practical use. the
resulting disintegration rates are still faster than the best alternative methods. for this

reason a great obstacle for the commercialization of the particle has come to an end.
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Figure 4.14 0.1 mmol of starter chemicals vs time graph.

When the time graph is examined, the malachite that is breaking down fastest

under the sunlight is green. the slowest breaking was methylene blue.






5. CONCLUSION

In the literature many photocatalytic materials modification have been reported

such as using different metal oxide semiconductors ZnO, Nb,Os and ion doped TiO; (N,
Au, Zn, W or Zr). Zr is an inhibitor agent for grain growth agent for rutile, which is
unwanted phases at photocatalytic application, in TiO, matrix. In addition, Zr-doped
TiO, exhibited significantly higher photocatalytic efficiency than TiO,. In this thesis, Zr
doped concentration effect on optical properties on photocatalytic applications were
studied. we have focused on the production of different nanostructured Zr modified
TiO, powders as a material for photocatalytic by sol gel assist- polymerizing
complexing combustion method (PCCM) and hydrothermal method. The photocatalytic
characteristics of Zr doped TiO, with various Zr doping contents and bare TiO, were
examined. Zr modification is positively effect on photocatalytic application to enhance
highly efficient reactions.

1) Zr modification (ZM) decrease the particules size of TiO; particules.

2) ZM increase the optical properties of TiO,

3) ZM increase the Egap of TiO, which is directly effect on absorbtion

4) ZM increase the dye loading capacity

5) ZM increase the photocatalytic efficiency of TiO,, these improvements is

maximazied in 5% Zr modification.

In conclude, ZM is increase the phovoltaic performance of DSSC. This improvements
were found maximum at 5 % Zr modified TiO,. 5 % Zr modified TiO2 is an alternative
material for absorber layer on photocatalytic apllications. When the time of
decolorization is examined, the malachite that is breaking down fastest under the
sunlight is green. the slowest breaking was methylene blue. Although the results of the
obtained tests have a longer duration than the results in the literature made with UV,
they are very important in terms of cost analysis and practical use. the resulting
disintegration rates are still faster than the best alternative methods. for this reason a

great obstacle for the commercialization of the particle has come to an end.
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OZET

Zr-KATKILI TiOy’nin ORGANIK BILESIKLER UZERINDEKI
FOTOKATALIZ ETKIiSi

HAWEZI, Jasim Mohammed
Yiksek Lisans Tezi, Makine Miihendisligi Anabilim Dali
Tez Danismant: Yrd. Dog. Dr. Halil ibrahim YAVUZ
Ocak 2018, 79 sayfa

Bu c¢alismanin ana hedefi Zr-katkili TiO;’nin organik bilesikler tizerindeki
fotokataliz etkisini arastirmaktir. Bu dogrultuda once anataz yapidaki TiO, nano-
kristalleri (nM: TiO,:Zr) Zr ile katkilandirilmistir. Bu amagla ince asiltili pelte (sol-gel)
destekli polimerlestirici kompleks atesleme yontemi (PCCM) ve hidrotermal yontemleri
kullanilarak farkli nano-yapilara sahip ¢esitli TiO, tozlar1 (Zr-modifiye TiO;
pargaciklari, TiO, ve % 5 ZrO,-TiO) elde edilmistir. Ardindan bunlar SEM, UV-VIS,
XRD ve XPS analizlerine tabi tutularak 6zellikleri tespit edilmistir. Sonuglar TiO, ile
hazirlanmis tiim maddelerin anataz yapilarmin yiiksek diizeyde kararli olduklarmi ve
yiizey alanlarmin arttigim gostermektedir. UV-VIS dortgen yansima spektroskopi
sonuglart TiO2’nin bant genisliginin daralmasindan ve optik tepki alaninin mordtesinden
goriilebilir 1518a kaymasindan katki maddelerinin sorumlu olduguna isaret etmektedir.
Zr-katkili TiO, katalizorlerinin fotokatilitik aktiviteleri Metilen Mavisi (MB Test), Mor
Boya (Purple Dye Test), Metil Portakal (Methyl Orange Test) ve Malasit Yesili
(Malecite Green Test) testleri ile aragtirilmistir. Giin 1s1g8m1n etkilerini taklit etmek icin
tim testler ig¢in bir ksenon feneri yardimiyla gergeklestirilmistir. Her ne kadar bu
yaklagimla testlerden sonu¢ almak UV ydntemine gore daha uzun sirse de, bu yontem
daha ekonomik ve pratiktir. Ayrica ortaya ¢ikan ¢éziinme de en iyi alternatif yontemlere
gore daha hizlh gerceklesmektedir. Bu nedenle incelenen pargaciklarin

ticarilestirilmesinin oniindeki 6nemli bir engel ortadan kalkmaktadir.

Anahtar kelimeler: Fotokatalitik, Nano-teknoloji, Zr-modifiye TiO,
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1. GIRIS

Problem Tanim1

Yapisal, elektronik, manyetik, termal ve optik oOzelliklerindeki cesitlilikler
nedeniyle nano-malzemelere gosterilen ilgi son yillarda ciddi sekilde artmistir. (Zheng
et al.,2001; Radecka et al.,1993). Nano-parcaciklarin bu 6zellikleri ebatlari, sekilleri ve
kristal yapilar ile birlikte degisiklik gostermektedir. Nano-parcaciklarin essiz 6zellikleri
onlart hem enerji liretimi hem de kataliz, elektronik, optik ve manyetizma gibi
konularda 6nemli hale getirmektedir. Organik molekiillerin fotokatalitik bozunuma
ugratilmalari amaciyla kullanilan yari-iletkenler genellikle metal oksitleri ve metal
stilfitlerinden elde edilmektedir. En yaygin kullanilan yari-iletkenler TiO,, ZnO, WQs3;,
Fe O3 ve ZnS’dir (Fox and M. A. 1993). Organik molekiillerin giines 15181 kullanilarak
isleme tabi tutulmalarinda kullanilacak en ideal fotokatalizor belirlenirken, oksitlenme
potansiyeli ve bant genisligi gibi mutlaka géz Oniine alinmasi gereken bazi etmenler
vardir. Oksitlenme potansiyeli 6nemlidir zira degerlik kusaginda (valence band)
fotojenere bosluklar elde etme ve suda hidroksil radikalleri olusturma kabiliyeti organik
molekdllerin fotokatalizi igin kilit 6neme sahiptir. Bu durum ayni zamanda iletim
kusaginda (conduction band) uyarilmig elektronun (er) glcundn indirgenmesi icin de
gecerli olup potansiyel molekiiler oksijeni siiperoksit’e indirgeyecek kadar kuvvetli
olmalidir (Halmann ve M.M.1996). Bu iki kimyasal islem organik molekllerin basit
gaz ¢iktilarma (H,0, CO,) ve inorganik iyonlara (NO3', SO4%) déniistiiriilmelerinde kilit
Oneme sahiptir. Bir yari-iletkenin serit boslugu enerjisi, o yari iletkenin iletim seridinde
bir elektronun uyarilmasi icin gereken 1siksal enerji miktarin1 belirtmektedir; bu

b (Oppenlander

elektron uyarimi degerlik kusaginda pozitif ytiklii bir delik birakir, v
ve T., 2003). Eger herhangi bir yari-iletkenin yiik tasiyicilar tiretmek i¢in ihtiyag
duydugu dalga boyu giines spektrumu disinda ise, o yari-iletken hatir1 sayilir bir
elektronik degisime maruz birakilmadikca giin 15181 kullanarak organiklerin
indirgenmesinde kullanilamaz. TiO,, foto-kararli yapisi, ucuzlugu, zehirli olmayisi,
yiiksek yiizey alanina ve gozenekli yapiya sahip olmasi ve kimyasal kararliligi
nedeniyle bu amacla degerlendirilen en iyl metal oksitlerden biridir. Bu o6zellikleri

nedeniyle TiO, foto-kataliz alaninda kullanilagelen bir yari-iletken olmustur. TiO, son

otuz yilda hem enerji iiretimi hem de g¢evresel problemlerin giderilmesi alanlarinda
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giderek artan bir ilgi kazanmistir (Dumitriu et al.,2000; Takeda et al.,2001). Kimyasal
bir islemin bir katalizor varligi altinda 1s1ik kullanilarak hizlandirilmasi isine
fotokatalizasyon denmektedir. Katalizér, notr veya uyarilmis haldeki substrat ile
ve/veya 6nemli bir foto-mamul ile etkilesime girerek foto-reaksiyonu hizlandirmakta ve
her bir kataliz dongiisii sonunda kendisi degisime ugramadan kalmaktadir. Her ne kadar
baz1 alternatifleri olsa da, pazarda en yaygin olarak bulunabilen ve ticarilestirilmis
fotokatalizorler TiO, temelli olanlardir. Bunlar bakterisit ve su arindirma uygulamalari
gibi cesitli alanlarda yaygin sekilde kullanilmaktadir. TiO, fotokatalizorlerinin baslica
kullanim alanlar sekil 1.1’de gosterilmektedir. Su dezenfeksiyonu, dogal sulardaki
¢Oziinmiis halde bulunan organik azot bilesiklerinin tespiti, civali tuz ¢ozeltilerinin foto-
indirgenmesi gibi farkli alanlarda kullanilmalari da degerlendirilmektedir (Jacoby et al.,
1998; Lau et al.,, 1998). Japonya’da pazarda goriilen baz1 TiO, bazli fotokatalizor
urtinler Tablo 1.1°de gosterilmektedir.

1.2 Amaglar

Bu c¢alismanin amaci Zr-katkili TiO2’nin kanserojen maddeler gibi organik
bilesikler tizerindeki fotokataliz etkisini arastirmaktir .

Bu dogrultuda bu ¢alismanin ana hedefleri asagidaki sekilde belirlenmistir:

(i) Hazirlanmig TiO, ve Zr-TiO; parcaciklarinin 6zelliklerinin tespiti

(if) TiO, ve Zr-TiOy'nin giin 15181 altinda BPA indirgeme performanslarmin
kiyaslanmasi

(iii) Zr-katkilama isleminin etkilerinin tespiti

1.3 Tezin Yapisi

Bu tez calismast bes ana bolime ayrilmistir. Birinci bolim projenin
gerekgelerini ve amaglarm agiklayip, tezin kapsami hakkinda bilgi vermektedir. Ikinci
Bolum foto-oksitlenme siireclerinin atik su islenmesinde kullanimina dair literatiir
taramasindan olusmaktadir. Uciincii béliimde bu calismada kullanilan yontem ve
malzemeler agiklanmistir. Dordiincii boliimde deneysel sonuglar ve bunlar iizerinden

tartismalar sunulmustur. Son olarak besinci boliimde tez bulgulart 6zetlenmistir.
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3. YONTEM VE GERECLER

Tiim deneyler Yiiziincii Y1l Universitesi Makine Miihendisligi Boliimii Van,
Tiirkiye laboratuvarlarinda, Ekim 2016 ile Kasim 2017 tarihleri arasinda

gerceklestirilmistir.

3.2 Malzemelerin Sentezi

3.2.1 PCCM ince Asiltil Pelte (SolGel) Yontemi ile Zr Katkih TiO, Hazirlanmasi

Zr katkili TiO; tutucu pargaciklar (Zr-T) homojen ¢ozelti ¢okeltme yontemi ile
hazirlanmistir. Bu amagla 0.1 M Titanyum (IV) izopropoksit ve farkli Zirkonyum (IV)
bitoksit konsantre ¢ozeltisi 2 metoksietanol ve izo-pronaol ¢ozeltisinde (50:50 agirlik)
icinde ¢ozdiiriilmiistiir. Cozelti geri akis altinda 2 saat 80 C®de 1sitilmustir. Cozelti oda
sicakligina kadar sogutuldugunda mavimsi bir jel olusmustur. Sonunda homojen ¢okelti
parcaciklar1 acik atmosfer altinda 500 Cde 1 saat tav edilmistir. Tavlamadan sonra
parcaciklar laboratuvar 6lgekli ultrasonik ve mekanik tiirdeslestiriciler ile homojenize
edilmistir. Katiksiz TiO, parcaciklart yukaridaki islemlerin geri akim altinda Zr

eklenmesi adimi ¢ikarilarak tekrarlanmasi ile elde edilmistir.

3.2.2 Hidrotermal islemler

Otoklavlar dezenfeksiyon ve sterilizasyon icin fiziksel bir yontem
sunmaktadir. Bu cihazlar buhar, basing ve zamami bir arada kullanarak calisirlar.
Otoklavlar yiiksek sicaklik ve basingta ¢alisarak mikroorganizmalar1 6ldiirUr.

Bunlar bazi biyolojik atiklar1 dekontamine etmek ve laboratuvar cihaz, donanim
ve ortamlarini sterilize etmek i¢in kullanilabilirler. Bakteri, virlis ve baska biyolojik
maddeler icerebilecek ve denetime tabi tibbi atiklarin atilmadan Once otoklav

kullanilarak arindirilmasi 6nerilmektedir.
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Nano-pargaciklar ¢ok kiigiik olduklarindan, bu ¢alismada Series Hassas Terazisi
(Sekil 3.4) kullanilmistir; bu aletin yiiksek mikro-genislik kapasitesi vardir ve ince
metal kaplamali anti-statik 6zellikli camdan imal bir beheri bulunmaktadir.

Kalsinasyon firmi (Sekil 3.5) genelde tahilli iiriinlerin ¢esitli amaclarla kiil
edilmesinde ve igeriklerinin incelenmesinde kullanilmaktadir. Kiiller, bir numunenin
firmlanmasindan geriye kalan yanmaz Ozellikte mineral maddelerdir. Bu cihazin
sicakligi uygulama amacma baghh olarak 300 C° ile 1100 C° arasinda

ayarlanabilmektedir.

3.2.3 Zr Katkili TiO, Tutucu Katmanin Hidrotermal Yontem ile Uretilmesi

Zr katkilh TiO;, tutucu parcaciklar (Zr-T) homojen ¢ozelti ¢okeltme yontemi ile
hazirlanmistir. Bu amagla 0.1 M Titanyum (IV) izopropoksit ve farkli Zirkonyum (IV)
bitoksit konsantre ¢ozeltisi 2 metoksietanol ve izo-pronaol ¢ozeltisinde (50:50 agirlik)
icinde ¢ozdiiriilmiistiir. Cozelti geri akis altinda 2 saat 80 C®de 1sitilmistir. Cozelti oda
sicakligina kadar sogutuldugunda mavimsi bir jel olusmustur. Bu mavi jel titanyum
otoklavina alinarak 190 C°’de 24 saat islenmis ve bu sekilde tutucu tabakanin absorbe
olmas1 saglanmistir. Otoklavdan sonra elde edilen % 5 Zr’li parcaciklar asiltili pelte
(sol-gel) yonteminden elde edilenlere oranla daha transparan yapida olmustur. Sonunda
homojen ¢okelti parcaciklari acik atmosfer altinda 500 C®de 1 saat tav edilmistir.
Tavlamadan sonra pargaciklar laboratuvar oOlcekli ultrasonik ve mekanik
tiirdeslestiriciler ile homojenize edilmistir. Katiksiz TiO; pargaciklar1 yukaridaki
islemlerin geri akim altinda Zr eklenmesi adimi ¢ikarilarak tekrarlanmasi ile elde

edilmistir.
3.3 Fotokalatiz deney diizeneginin kurulmasi
3.3.1 Duzenek kutusu
Bu kutu ahsaptan yapilmis olup karistirma ¢ozeltisine tiim 15181 yansitmasi i¢in

i¢ kisminin tiim yiizeyleri aliiminyum kagitlar ile kaplanmistir. Kutunun i¢inde ayrica

bir de UV 151k ampulii bulunmaktadir. Islem sirasinda kutu kapali konumdadir. Kutunun



69

icine beher kabu ile bir karistirma plakasi ile birlikte ¢ozelti konmakta, ardindan ikinci

beher dikkatlice ¢ozeltiye yerlestirilerek TiO; aktive edilmektedir.
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4. SONUCLAR ve TARTISMA

4.1. SEM Analizi

Bolim 3’te detaylar1 belirtilen termal muameleden sonra homojen ¢okelti
parcaciklari agik atmosferde 500 C®de 1 saat tav edilmistir. Bu adimdan sonra ise
yiizey Ozelliklerinin tespiti i¢in pargaciklar SEM (Scanning Electron Microscopy:
Taramali Elektron Mikroskobisi) analizine tabi tutulmustur. SEM analizleri hidrotermal
yontem ile elde edilen parcaciklarin kiimelesmedigini ve dolayisiyla daha uygun
olduklarmi gdstermektedir. Zirkonyum konsantrasyonu arttikca parcacik biiylikligi
azalmaktadir. Bunun yani sira, parcaciklarin ylizey alanlari da belirgin sekilde
artmaktadir. Otoklav muamelesinden sonra elde edilen % 5 Zr parcaciklar asiltili pelte
(sol-gel) yontemiyle elde edilen pargaciklardan daha transparan olmaktadir. En uygun

parcaciklar % 5 Zr ilavesi ile elde edilmistir.

4.2.UV-VIS analizi

Sekil 4.2 a’da da goriilebilecegi iizere % 5 Zr ile modifiye edilmis pargaciklar en iyi
emilim katsayisin1 dalga boyunun UV bdlgesinde gostermektedir. Parcaciklar bu
bolgede neredeyse % 40 aktarganlik (transmittance) degerine sahiptir; yiiksek
aktarganlik bant bosluklarinda daha fazla 151k ulasabilecegi anlamina gelmektedir. Daha
yiiksek fotovoltaik uyarim seviyelerine ulasmak igin bir yari-iletkenin UV bélgesindeki
(<400 nm) 15181 emmesi gerekmektedir.

Tayfin bu boliimii TiO; pargaciklar tarafindan kolayca emilemediginden, en yliksek
enerjiyi gunes 1sinlar tayfi bolgesinde gostermektedir. Transparanhigin degismesi ise
bant boslugunda bir kayma olarak tezahiir eder. Hidrotermal yontem kullanilarak Zr ile
modifiye edilmis TiO tozlarinin asiltili pelte (sol-gel) yontemiyle elde edilenlere gore
daha yiiksek emilim kabiliyeti vardir. Bu durum bant boslugu tasarimi agisindan dnem
arz etmektedir; bu yaklasim ile yalnizca {iretim yontemini degistirerek daha genis bant

bosluguna sahip tozlar {iretilebilecektir.
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4.3. Zr ile Modifiye Edilmis TiO, Malzemelerinin Bant Bosluklarmin

Hesaplanmasi

Sekil 4.3 ve Tablo 4.1, TiOz’nin Zr ile modifiye edilmesinin bant boslugu
tizerindeki etkilerini gostermektedir. Bunlardan anlasilabilecegi iizere TiO,’deki Zr
konsantrasyonu artirildik¢a tozlarin bant boslugu da artmaktadir. % 100 Zr yogunluguna
ulasildiginda elde edilecek azami bant boslugu 4.90 eV iken, % 5 Zr modifiyesi ile elde
edilen bant boslugu degeri 3.80 eV olup, bu deger fotokatalitik amacla kullanilan ticari
TiO2’nin degerinden yiiksektir. Yiiksek bant boslugu elektron rekombinsasyonunu
azaltarak yari-iletken tizerindeki elektron birikimini diistirmektedir. Zr ile modifiye
edilmis elektrotlarin UV-emilim sinirlarinda saf TiOz’ye oranla bir maviye kayma
gbzlenmektedir. Daha yliksek bir bant genisligi Zr ile modifiye edilmis tutucu katmanin
belirli bir diizeydeki 15181 emdigi ve bunun disinda kalanlarin TiO, bant boslugu
bolgesine gegmesine izin verdigi anlamina gelmektedir. Burstein-Moss etkisi prensibine
gore, baglanmis verici elektronlar iletim bandindaki en diisiik seviyeyi bloke
etmektedir; bu durum da bant boslugunun artmasinda rol oynamaktadir. Zr modifiyeli
foto elektrotlarin bant boslugunda goriilen maviye kayma Fermi seviyesinin yiiksek

enerji yoniine dogru kaydigini1 da gostermektedir.

4.4. Zr ile Modifiye Edilmis TiO; parcaciklarinin XRD Analizi

Tiim numuneler PCCM ile hazirlanmig ve 500 C°’de 1 saat tav edilmistir. Numunelerin
XRD analiz sonuglar1 TiO; tozlarinin anataz yapidaki titanyum kristallerinden
olustugunu gostermektedir ve numunelerde rutil faza rastlanmamaktadir. ZrO;
tozlarinin difraksiyon tepeleri besgen bir yapida toplanabilmektedir (JCPDS 42-1164).
Bununla beraber % 5 Zr-TiO, numunelerinde ZrO, de tespit edilmistir. Bu durum

fotokatalizdr islevi i¢in arzu edilmeyen bir durumdur.
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4.5, TiO, ve %5 ZrO,-TiO’nun XRD Analizleri

% 5 Zr katkilandirmasi TiO, tozlariin kristal fazlarinda degisiklige neden olmamastir.
Dahast Zr, TiO, fotokatalitik uygulamalarda arzu edilmeyen rutil fazdaki
yapilanmalarm olusmasmi da baskilamaktadir. Istenmeyen bu fazin olusmasini

engellemede hidrotermal islem asiltili pelte (PCCM) yonteminden daha etkilidir.

4.6. Zr ile Modifiye Edilmis TiO; parcaciklarinin XPS Analizi

Zirkonyum’ ait 3 boyutlu bant’in XPS analizini gosteren grafik sekil 4.7°de
verilmistir. %100 Zirkonyum seviyesinde tepe oldukga belirginken %1 konsantrasyonda
zor goriilebilen bir dalgalanma seklindedir. Bunun nedeni zirkonyum iyonlarinin anataz
yapida bir bilesen gorevi gorebilmesidir. Bu etki kristal yapmin diisiik

konsantrasyonlarda bile saglam yapida kalmasini1 saglamaktadir.

4.7.% 5 Zr-TiO; parcaciklarimin XPS analizi

XPS analizi bant diyagramlarinin tespitinde kullanilan en 6nemli yontemlerden birisidir.
Zirkonyumun 2P  gecisindeki etkisinin incelenmesi i¢in bu diyagramlardan
yararlanilmigtir; bu gegis titanyumun elektronik gegisleri arasinda en 6nemli olanidir. %
5 zirkonyum ilavesi halinde UV boélgesinden goriisebilir 151k bdlgesine bir gegis oldugu
diyagramda acik¢a goriilebilmektedir. 460 ve 465 nanometreye olan gegisler en iyi % 5
modifiye edilmis numunelerde goriilmektedir.

Sekil 4.9’da zirkonyum ile modifiye edilmis bir numune ile hi¢ islem gérmemis iki
numune karsilagtirilmaktadir. Zr modifikasyonu 2p tepesinin UV emici bant olarak da
bilinen uzun dalga boyundan (diisiik enerji seviyesi) kaymasina neden olmustur. Diger
numuneler iizerinde boyle bir degisiklik gozlenmediginden, fotokatalitik
degerlendirmeler yalnizca % 5 Zr ile modifiye edilmis parcaciklar iizerinde

yiirtitilmistiir.
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4.8. Fotokalatitik Analiz

4.8.1. Metilen mavisi testi (MB)

Zaman degerlerine karst 0.1 mmol metilen mavisinin fotokatalitik
konsantrasyonlarint gosteren bir grafik test fotografinin hemen altinda verilmistir.
Giines 1smlarinin  etkilerini  olusturabilmek adma tiim deneyler bir ksenon far
yardimiyla yapilmistir. Her ne kadar bu yaklagimla testlerden sonu¢ almak UV
yontemine gore daha uzun siirse de, bu yontem daha ekonomik ve pratiktir. Ayrica
ortaya ¢ikan ¢oziinme de en iyi alternatif yontemlere gore daha hizli gergeklesmektedir.
Bu nedenle incelenen pargaciklarin ticarilestirilmesinin Oniindeki 6nemli bir engel
ortadan kalkmaktadir.

4.8.2. Mor boya testi (PD)

Zaman degerlerine karst 0.1 mmol mor boyanin fotokatalitik konsantrasyonlarini
gosteren bir grafik test fotografinin hemen altinda verilmistir. Gilines 1sinlarinin
etkilerini olusturabilmek adina tiim deneyler bir ksenon far1 yardimiyla yapilmistir. Her
ne kadar bu yaklagimla testlerden sonug almak UV yontemine gore daha uzun siirse de,
bu yontem daha ekonomik ve pratiktir. Ayrica ortaya ¢ikan ¢oziinme de en iyi alternatif
yontemlere gore daha hizli gerceklesmektedir. Bu nedenle incelenen parcaciklarin

ticarilestirilmesinin oniindeki 6nemli bir engel ortadan kalkmaktadir.

4.8.3. Metil portakal testi (MO)

Zaman degerlerine karst 0.1 mmol metil portakalinin fotokatalitik
konsantrasyonlarin1 gosteren bir grafik test fotografinin hemen altinda verilmistir.
Glines 1smlarinin etkilerini olusturabilmek adina tiim deneyler bir ksenon fari
yardimiyla yapilmistir. Her ne kadar bu yaklasimla testlerden sonu¢ almak UV
yontemine gore daha uzun siirse de, bu yontem daha ekonomik ve pratiktir. Ayrica

ortaya ¢ikan ¢Oziinme de en iyi alternatif yontemlere gére daha hizli ger¢eklesmektedir.
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Bu nedenle incelenen parcaciklarin ticarilestirilmesinin oniindeki 6nemli bir engel

ortadan kalkmaktadir.

4.8.4. Malasit yesili testi (MG)

Zaman degerlerine karst 0.1 mmol malasit yesilinin fotokatalitik konsantrasyonlarini
gosteren bir grafik test fotografinin hemen altinda verilmistir. Gilines 1sinlarinin
etkilerini olusturabilmek adina tiim deneyler bir ksenon far1 yardimiyla yapilmistir. Her
ne kadar bu yaklagimla testlerden sonu¢ almak UV yontemine gore daha uzun siirse de,
bu yontem daha ekonomik ve pratiktir. Ayrica ortaya ¢ikan ¢éziinme de en iyi alternatif
yontemlere gore daha hizli gerceklesmektedir. Bu nedenle incelenen parcaciklarin
ticarilestirilmesinin 6niindeki 6nemli bir engel ortadan kalkmaktadir.

Zaman grafigi incelendiginde en hizli parcalanmanin malasit yesilinde, en yavas

dagilmanin ise metilen mavisinde gergeklestigi goriilmektedir.
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5. SONUG

Literatiirde, ZnO, Nb,Os ve iyon katkili TiO; (N, Au, Zn, W, ya da Zr) gibi
farkli metal oksit yari-iletkenlerin kullanilmasi gibi ¢ok ¢esitli fotokatalitik malzeme
modifikasyonlar1 incelenmistir. Zr, TiO; yapisinda fotokatalitik uygulamalar ig¢in
istenmeyen bir faz olan rutil fazin olugsmasini baskilayan bir maddedir. Ayrica Zr ile
katkilandirilmis TiO,, normal TiO,’den ¢ok daha yiiksek fotokatalitik verimlilik
gostermektedir. Bu tezde Zr katkisinin konsantrasyon seviyesinin fotokatalitik
uygulamalar iizerindeki etkileri de incelenmistir. Bu nedenle hidrotermal ve asiltili pelte
(sol-gel) destekli polimerlestirici kompleks atesleme yontemi (PCCM) yontemler ile
elde edilmis farkli nano-yapiya sahip TiO; tozlari iretilmistir. Farkli oranlarda Zr
katkis1 igeren ve hi¢ igermeyen TiO, numunelerinin fotokatalitik o6zellikleri
degerlendirilmistir. Zr modifikasyonunun fotokatalitik uygulamalar {izerinde olumlu
etkileri tespit edilmistir.

1) Zr modifikasyonu (ZM) TiO, pargaciklarinin boylarini kiigiiltmiistiir.
2) ZM TiO; ‘nin optik dzelliklerini gelistirmistir.
3) ZM TiO; ‘nin bant boslugunu artirmistir, bunun emilim tizerinde dogrudan etkisi
vardir.
4) ZM boya yiikleme kapasitesini artirmaktadir.
5) ZM TiOz nin fotokatalitik etkisini artirmaktadir. En yiiksek verim artis1 % 5 Zr
modifikasyonunda gerceklesmistir.
Sonu¢ olarak, ZM DSSC’nin fotovoltaik performansini artirmaktadir. En yiliksek
gelisimin % 5 Zr ile modifiye edilmis TiO,’de gergeklestigi goriilmistiir. % 5 Zr ile
modifiye edilmis TiO, fotokatalitik uygulamalarda iyi bir alternatif emici tabaka olarak
one cikmaktadir. Renk kaybi siiresi incelendiginde giin 15181 altinda en hizli dagilan
boyanin malasit yesili oldugu, en yavas dagilimin ise metilen mavisinde gerceklestigi
goriilmektedir. Her ne kadar bu yaklasimla testlerden sonu¢ almak UV yontemine gore
daha uzun siirse de, bu yontem daha ekonomik ve pratiktir. Ayrica ortaya ¢ikan
¢oziinme de en iyi alternatif yontemlere gore daha hizli ger¢ceklesmektedir. Bu nedenle
incelenen pargaciklarin ticarilestirilmesinin 6niindeki Onemli bir engel ortadan

kalkmaktadir.
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