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Summary

This work contains two major parts :

1-The first part includes preparation of zinc oxide (ZnO) nanopartical by
and Cr,03/Zn0O nanocomposite by hydrothermal method. Study the char-
acteristic of nanocomposite using various techniques such as X-ray dif-
fraction (XRD), Fourier transform infrared (FTIR), Scanning  electron
microscopy (SEM), and Thermo gravimetric analysis (TGA). The parti-
cle size of synthesized Cr,03/ZnO nanocomposite was calculate

using scherer equation (12.74nm).

2-The second part include study of photo catalytic activity of prepared
nanocomposite, by using acid fuchsin dye. The rate of photocatalytic
degradation process is affected by different parameters such as initial con-
centration of dye, effect of mass of catalyst, initial pH of solution, effect

of temperature, effect of scavenger, and effect of hydrogen  peroxide.

Activation energy for the photo degradation process was calculated us-
ing arrhenius equation. they were equal to (31.67 KJ/mol). Enthalpy and
entropy of activation and free energy of activation can be estimated ac-
cording to eyring equation. Thermodynamic parameters (AH, ASand AG)
for acid fuchsin dye were calculated (29.20 kJ/mol, - 0.1778 kJ/mol. k,
and 82.18 kJ/mol respectively, from the results the reaction is endother-
mic with low randomness. AG (81.75 kJ/mol) was calculated and the re-

action is non-spontaneous.
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Chapter one Introduction

1- Introduction

1-1 General 1ntroduction

Recently, the fast-growing industries and population size lead to the
formation of water pollution which causes the environment and human
health problems (Ahmad et al., 2018). The wastes from industrial area such
as textile dyes, pharmaceutical, dyeing, paper and pulp industries are the
main sources of organic and inorganic compounds and a cause for water
pollution . Particularly, organic dyes released from industries had severe
health problems, toxic, indestructible, bio-recalcitrant, mutagenic, carcino-
genic and have potential to fade resistant . Due to this reason, appropriate
methods are needed to remove these organic pollutants before they are
released to the environment Among the methods, photocatalysis is one of
effective and efficient candidate technology used in wastewater treatment.
The method is low cost, environmental benign and leads to complete min-
eralization of organic pollutants from wastewater. Among the promised
photocatalys, semiconductor based heterogeneous catalysts have been
studied and reported as efficient and effectively treatments methods
(Fardood et al., 2018).

1-2 Nanotechnology

The principles in "nano-technology” entered the language, physics
professor Richard Feynman utilized the concepts in his presentation at a
Caltech American Physical Society conference on December 29, 1959. The
emergence of nanotechnology as a discipline of study was sparked by this
talk. Feynman was told by Albert R. Hibbs that his micromachines may be
applied to medical procedures. In a 1974 research, Professor Norio

Taniguchi of Tokyo Science University introduced the term


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/pulp-and-paper-industry
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/inorganic-substance
https://www.sciencedirect.com/topics/chemistry/carcinogenic
https://www.sciencedirect.com/topics/chemistry/carcinogenic
https://www.sciencedirect.com/topics/social-sciences/pollutant
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/photocatalysis
https://www.sciencedirect.com/topics/chemistry/wastewater
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/mineralization
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/mineralization
https://www.sciencedirect.com/topics/chemistry/heterogeneous-catalyst
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"nanotechnology.” In the late 1970s and early 1980s, Eric Drexler stressed
the promise of molecular nanotechnology. Scanning tunneling microscopy
was developed in the year 19 Engines of Creation by Eric Drexler, the first
book on nanotechnology, was released in 1986. (Adya ea tl., 2020) Atomic
and molecular structures having at least one dimension in the nanoscale
range and changin (1~100 nm) g composition, shape\morphology, size, or
surface qualities are the focus of nanotechnology and nanoscience
(Nasrollahzadeh et al.,, 2020 A nanomaterial, the International
Organization for Standardization claims, is a substance with at least one
exterior measurement at the nanoscale. In addition to their extremely small
size, nanoparticles can also be categorized according to their form or chem-
ical make-up. Depending on their chemical composition. (Rhazouani et al.,
2021).

1-2-1 Applications of Nanotechnology
1- Treatment of water.

2- Food Additives (Niculescu et al., 2022).
3- Applications in Drugs and Medications.
4- Energy Application.

5- Agriculture Application.

6- Diagnostic Application of nanoparticle (Jadhav et al., 2021).
1-3 Classification of Nanomaterials

During the past decade, nanomaterials have been classified into different
groups based on different criteria. The idea of the first classification of
nanomaterials was introduced by Gleiter in 1995, and explained by
Skorokhod in 2000 (Alkag, et al., 2021) They are classified according to



Chapter one Introduction

their dimensions, morphology, state and chemical composition, this clas-
sification is also based on their size, which ranges from 1 to 100
nanometers in at least one the dimension. Based on their overall
dimensions and shape for this material, NMs (nano materials) can be
divided into four classes (Saleh et al ,2020)

1-3-1 Zero-dimensional Nanomaterials

All three dimensions of these materials are nanoscale size (i.e., less than
100 nm). Graphene quantum dots, carbon quantum dots, fullerenes,
inorganic quantum dots, magnetic nanoparticles, and noble metals are

only a few examples (Wang et al., 2020).
1-3-2 One-dimensional Nanostructures

A scale smaller than 100nm, nanomaterials have two exterior
dimensions. The micrometer (Lz > 100nm) is the last dimension.
Nanotubes, nanofibers, and nanowires belong to this group
(Erol et al., 2018).

1-3-3 Two-dimensional Nanostructures

Only one of the dimensions is located on the nanoscale while the other
two are not. 2D includes thin films, nanosheets, and monolayer
(crystalline or amorphous nanolayers). (Kolahalam, et al.2019)

1-3-4 Three-dimensional Nanostructures

These structures, such as nanocomposite, which consists of many phases
on the premise that one of the solid phases is transitioning to the
nanoscale, reveal nanoscale properties as a consequence of their internal
nanoscale dimensions but have no exterior dimension in the nanoscale
(Lee et al., 2018).
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0D 1D
o
) nanotube Graphene,BNNS  Bulk solids
nanoplartlcles, nanofiber TMDC Silicene nanocomposites
nDamI))c “gteg’ nanowire Germanene nanocrystalline
QDs,CQDs nanorod Phosphorene materi;ls
nanofilaments films,BSG

Fig. (1-1): Classification of nanomaterials depending on the dimensions
(Barhoum et al., 2022).

1-4 Synthesizes of nanomaterales

Many methods are used for the preparation of metallic nanoparticles,
which are divided into two categories: bottom up methods and top down

approaches.

1- Top-down : the destructive technique is used in this procedure. Starting
with a bigger molecule, it is divided into smaller units, which are
subsequently turned into appropriate NPs. Grinding\milling (Khan et al.,
2017).

2- Bottom-up: the approach to nanoparticle synthesis is based on the
production of nanoparticles from smaller molecules, such as the
combining of atoms, molecules, or tiny particles. In this approach, the
nanoparticles' nanostructured building components are first created, then

combined to make the final nanoparticle.
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[ TOFP DOWN METHOD ]

[ BOTTOM UP METHOD ]

|

Bulk material

Fig. (1-2): The top-down and Bottom-up Methods for Nanoparticle Preparation.

(Jamkhande et al., 2019)

Generally, nanomaterials can be synthesized by physical,

biological or hybrid method of syntheses, In the physical

chemical,

method, one

starts with bulk matter and then goes breaking down to smallerparticles till

nano-scale size is achieved, a process called topdown

approach. Particular examples include laser ablation, where atoms are

removed from a solid through thermal or nonthermal process with intense

laser beam, physical vapor deposition, in which a material in the form of

vapor particles are transferred from a source material(target) to the

substrate and so on.
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1-5 Hydrothermal Method

The hydrothermal method is a type of soft chemical synthesis method
developed by simulating the formation process of some ores in nature. The
hydrothermal technique involves heating and pressurizing an ~ aqueous
solution to produce a high temperature, high pressure reaction atmosphere.
Then this reaction system is used as a reaction system in a unique confined
reaction vessel (or the vapor pressure generated by itself). Under typical
circumstances, a substance that is weakly soluble or insoluble is dissolved
and recrystallized by the process (Yang, et al., 2019).
Hydrothermal synthesis is the best technique for producing nanoparticles
due to a number of characteristics. The resulting nanocrystals are empty
defect-free, have a high specific surface area, little particle agglomeration,
good crystallinity, high product purity, crystal symmetry, narrow particle
size distribution, formation at a low temperature (200 °C), require
little energy, and require inexpensive  instrumentation. (Mamaghani, et
al, 2018).

In the chemical synthesis method, nanomaterials are produced by
combining substances in a wet chemistry and adjusting reaction
parameters. In this method, atoms, molecules or ions in solution first form
nucleation and then aggregates of those species that finally end up in
particles of nano-size regime, a process called bottom-up
approach.Nowadays, for synthesis convenience reasons, this is the most
widely usedmethod of producing nanomaterials in industry So, there are
various methods categorized under this approach including sol—gel,
solvothermal,microwave irradiation, pyrolysis, chemical precipitation,
microemulsion,thermal decomposition of precursors, etc. (Weldegebrieal
et al., 2020)
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4 ~
Nanomaterials Synthesis Methods
Physical Chemical Biological Hybrid
* Physical vapor * Solvothermal * Biohydrothermal
deposition * Sol-gel * Electrochemical

# Laser ablation * Microemulsion * Chemical Vapor

* Ball milling * Precipitation Deposition

* Etching * Pyrolysis ¥ * Particle Arresting

* Chemical reduction in glass, polymers or
zeolites
Mlcruorgamsms P]nnts extracts

. J

Fig. (1-3) Outline of general synthesis method of nanomaterials.
(Weldegebrieal et al., 2020)

1-5-1 The Role of Water in the Hydrothermal Method

Water can be a chemical component in a hydrothermal reaction, as well as
a solvent or an accelerator of puffing. By speeding the osmotic reaction and
regulating the physical and chemical aspects of the process, inorganic
compounds can be formed as a pressure transmission medium. In
hydrothermal systems with high pressures and temperatures systems, the
characteristics of water will result in the following modifications: : (1) The
ionic product increases and the ionic product of water rapidly increases
with  the increase in  pressure and temperature.  Under
high-temperature and high-pressure hydrothermal conditions, the
hydrolysis reaction and ion reaction rates will naturally increase with

water as the medium. According to the Arrhenius equation, dink/dt =
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E/RT2, the reaction rate constant has an exponential function with in-
creasing temperature. Therefore, the main reason for the increase in the
hydrothermal reaction is that the ionization constant of water increases as
the reaction temperature and pressure increase. (2) The viscosity and
surface tension of water decrease as the temperature increases. In
hydrothermal systems, the viscosity of water decreases and the mobility of
molecules and ions in solution greatly increases, such that crystals grow
under hydrothermal conditions more rapidly than under other  conditions.
(3) The dielectric is often low and the dielectric constant  generally
decreases with increasing temperature and increases with increasing
pressure. Under hydrothermal conditions, the reaction is mainly affected
by temperature and the dielectric constant of water is significantly
reduced. This decrease affects the ability and behavior of water acting as a
solvent. (4) The density decreases, and properties, such as the viscosity,
dielectric constant, and solubility of the material, increase with in-
creasing density while the diffusion coefficient decreases with increasing
density. (5) The vapor pressure increases and accelerates the reaction by

increasing the chance of collision among molecules (Yang, et al., 2019).
1-6 ZnO nanopartical

Zinc oxide (ZnO) is a wide band gap (3.37 eV) semiconductor with a large
exciton binding energy (60 mV) and one of the most widely used and
studied functional oxides. Zinc oxide readily forms into noncentral
symmetric wurtzite nanocrystal structures with self-polarized crystal
surfaces. The thermodynamically stable crystallographic faces of ZnO
include apolar-terminated (001) face and nonpolar low-symmetry (100)
faces. The low- symmetry surfaces are more stable than the polar face,
leading to faster growth along the polar surface. As a result, a variety of

one-dimensional (1D) Zn0O nano-structures including
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nanorods\nanowires, nanobelts, nanorings and other hierarchical
nanostructures can be readily synthesized and these materials have been
examined for applications in photovoltaic energyconversion, optics,
optoelectronics, catalysis, piezoelectric systems, photocatalysts,

chemicalsensors and solar cells. (suresh babu et al.,2013)

1-6-1 Crystal Structures of ZnO

ZnO is one of the most significant nanomaterials that has been widely
studied for many decades, generally, ZnO crystallizes in three forms
hexagonal Wurtzite, cubic zinc blende and cubic rock saltas in Figure
(1-4). It is obtained only at optimum pressure and temperature. The
crystal  structure is composed of two interpenetrating

hexagonal-close - pack (hcp) sublattices. (Mousavi, et al.,2022).

One sub-lattice consists of four O% and Zn?* ions in one-unit cell
forming a tetrahedron structure sp3 covalent bonding. The strongest
polarity surfaces are due to the positively charged for 0001 - zinc polar
surface and negatively charged for 0001 - oxygen polar surface. The two
important features of the Wurtzite structure are the polar surfaces and
noncentral symmetry. When a stress force is applied, the
non-central symmetric structure will due to the separation of the
central point of negative charges and that of positive changes leads to a

temporary polarization (Corrado, et al,2019).
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Fig. (1-4): ZnO crystal structures are shown as sticks and balls in the following
order: (a) the rock-salt structure; (b) the cubic zinc blende unit; (c) the wurtzite

structure; and (d) the wurtzite structure unit cell.
1-7 Chromium(l11)Oxide

Chromic oxide nanoparticles (Cr,O3; NPs) are one of the notable
inorganic NPs with outstanding features for several branches of modern
science and technologies. Various fabrication approaches have been
employed in the production of Cr,O; NPs so as to meet its crucial
potential. The ecological impacts and economic obstacles connected to
most of the means of Cr,03; NPs synthesis have contributed to the search
for other alternative approaches with economic and environmental
advantages. Surprisingly, the biological approaches to manufacturing
using plant materials have been found suitable for the synthesis of Cr,0;
NPs dues to its myriad health, environmental, economic, and medicinal

advantages. The important aspects of Cr,0; NPs fabricated using plant


https://www.sciencedirect.com/topics/engineering/nanoparticle
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/science-and-technology
https://www.sciencedirect.com/topics/engineering/fabrication-approach
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broths and biomass augmented its application in antibacterial, antifungal,
antioxidant, anticancer, antileshmanial, antiviral, and antidiabetic. In the
area of electronics, chemistry and medicine, phytosynthesized Cr,O3; NPs
have attracted tremendous usage in the fabrication of antibacterial,
antifungal, antioxidant, anticancer, antileshmanial, antiviral, antidiabetic,
photocatalytic agents as well as fabrication of microelectronic circuits,
sensors, solar energy collectors and fuel cells. Notwithstanding, the
enlisted advantages of biogenically produced Cr,O3 NPs, the challenges
involved in the clarification of formation reaction still remain unsolved.
This review presented the overview of the modern improvements in the
synthesis, characterization methods, and applications of phytosynthesized

Cr,03 NPs in medicine, and pharmaceutical industries (Suresh etal, 2021)

1-8 Advance Oxidation Process(AOPs)

AOPs are technologies that oxidize various organic pollutants in impure
water to create clean water for human use, such as drinking and other
household purposes. (Sharma et al., 2018). Antibiotic breakdown is aided
by advanced oxidation processes (AOPs), which has piqued researchers'
curiosity. Because of its low cost and high removal efficiency, the Fenton
process has been widely employed for wastewater treatment. The
so-called Advanced Oxidation Processes (AOPs) are a collection of
technologies that are similar but not exactly the same and that rely mainly
(but not exclusively) on the production of extremely reactive hydroxyl
radicals. AOPs include electrochemical reactions and wet oxidation
processes. Examples of photocatalysis, both heterogeneous and uniform,

include Fenton and Fenton-like processes, ozonation, sonar, microwaves,


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/pharmaceutical-industry
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and g-irradiation. (Dewil et al., 2017) (Khan et al., 2020). AOPs are used
to successfully remove pollutants in plants that produce drinking water, in
wastewater treatment systems to remove biorecalcitrant micro-pollutants,
and in disinfection techniques (including photo-assisted ones). These
reactions are based on the generation of potent reactive species (typically
radicals) capable of attacking and mineralizing nearly all oxidizable

compounds (Marco et al., 2021).

Sonolysis

Ozonation Wet Air
Oxidation
Advanced
Oxidation
Processes
UV Based Fenton

Photo-Fenton

Fig. (1-5) : Classification of Advanced Oxidation.
1-9 Dyes

The textile industry is one of the biggest makers of liquid effluent
contaminants because dyeing procedures require significant quantities of
water. Additionally, the various manufacturing steps and kinds of
synthetic dyes used during this change decide the various effluent
characteristics in terms of pH, dissolved oxygen, organic and inorganic
chemical content, and more. (Saratale et al., 2011). Textile dyes are one of
the most common kinds of organic compounds that are causing water

contamination. Azole dyes make up the majority of the dyes now on the
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market, with anthraquinone dyes following in second. UV and visible light
irradiation have no effect on them. Additionally, they can be converted
into carcinogenic aromatic amines in anaerobic or in vivo  environments
and are immune to aerobic breakdown (Madhavan et al., 2010). Azo dyes
are the most common artificial hues used in daily living, especially when
making fabrics. One or more azo bonds (-N=N-), which are found in
combination with aromatic systems and auxochromes, can be used to iden-
tify azo pigments (—OH, —SOg3, and so on). Public health is at risk due to
the discovery of cloth effluents that are poisonous, mutagenic, cancerous,
and non-biodegradable. Adsorption, coagulation, photo-catalysis, ozona-
tion, and biosorption are examples of physical, chemical, and biological
processes that have historically been used to remove azo pigments from
watery environments. These tried-and-true methods, though, have shown
to be expensive time-consuming, and ineffectual. (Cai et al., 2016). Azo
dye Compounds are used in a variety of industrial uses., including pho-
todynamic therapy, photosensitivity, and biological activity due to their use
in anti-inflammatory, antibacterial, and antifungal treatments
(Karim et al., 2019).
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2 3
| Conventional Methods for Dye remival from water I
Physical - Chemical Biological
1-Coagulation and flocculation 1-Treatment by bacteria
2-Electro-Coagulation 2-Treatment by fungi and veasts
3-Chemical precipitation 3-Treatment by algae
4-Oxidation ’
5-Ion exchange
6-Irradiation
7-Membrane filtration
8-Adsorption
A\, y

Fig. (1-6) * Treatment methods for the removal of dyes from wastewater effluent

(Saratale et al., 2011).

1-10 Classification of dyes

There are just a few natural dyes available prior to the invention of

synthetic colors. Since the annual global output of dyes has increased, the

classification of dyes has become necessary. At several tens of millions of

tonnes, they are thought to exist (Benkhaya et al., 2020).
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Based on application Based on the source of Based on chemical
methods materials structures
1- Basic dyes . 1- Azo dyes
2- Acid dy};s 1- Natural dyes 2- Anthraquinone dyes
3- Direct dyes . Substantive dyes 3 Polymf?ﬂlme dyes
4- Mordant dyes Adjective dyes 4-Benzod1ﬁ}ranone dyes
5- Reactive dyes ' 5- Polycyclic aromatic
6- Disperse dyes 2- Synthetic dyes carbonyl dyes
7- Solvent dyes yn Y 6- Indigoid dyes
8- Sulfur dyes 7- Phthalocyanines
9- Vat dyes 8- Di and tri -aryl

carbonium related dyes
9-Nitro and nitroso dyes

Fig. (1-7): Schematic diagram for classification of dyes according to their  chem-

ical structure and method of application (Benkhaya et al.,2020).
1-11 Fuchsin acid dye

Dyes are organic colorants that are typically composed of water-soluble
materials and are progressively being used in a variety of global sectors.
One of the pollutants discovered in industrial effluent is the dye carbol
fuchsin (CF), which has the molecular formula CH17N3Na;OgSs. CF is a
combination of phenol and basic fuchsin (BF), a frequent crimson
pigment used for biological staining as well as dying a variety of
materials, including leather, paper, and cotton. Typically, cation-exchange
screens are used to clean dye-contaminated water. (Abu-Zurayk et al.,
2021)
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Figure (1-8): Chemical structure of Acid Fuchsin dye
1-12 Pinciples of Heterogeneous Photocatalysis

Heterogeneous reactions have risen in prominence among the various
types of chemical reactions in recent years. Heterogeneous reactions,
particularly in industrial fields, necessitate solid catalysts. Indeed,
heterogeneous environments are used in 80 percent of commercial
catalytic processes today. Among the many types of heterogeneous
reactions, surface reactions on a solid have received considerable study. On
the other hand, owing to technological limitations, heterogeneous
processes in other systems have not been thoroughly studied from a
macroscopic viewpoint. In liquid-liquid heterogeneous materials, for
example, phase separation is difficult, and optical spectroscopic
investigation is difficult due to the substantial light scattering generated by
heterogeneity (Masuda et al.,, 2020)Heterogeneous photo catalytic
techniques have been used in the last ten years to eliminate organic and
inorganic contaminants from carbon dioxide and water using

semiconductor oxides, metal oxides, and sun lamps.Zinc oxide is one of
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the most important semiconductors because it is a highly stable,
inexpensive metal oxide that is both nontoxic and environmentally benign
(Al-Gubury et al., 2018 ).

1-13 Literature Review

Sang, et al (2000) In this study ZnO/Cr,0O; catalyst (Zn: Cr=2: 1 in
molar ratio) was prepared by a co-precipitation of the corresponding
metal nitrates. The stability and the activity of Fe,O3/Cr,0; and
ZnO/Cr,03 catalysts were examined for a reverse-watergas-shift

reaction.

Michael, et al (2003) Reports that the Cr,03\ZnO composite were
prepeared using co-precipitating method. Many technique has been
used to study thecharacterized by X-ray diffraction (XRD), = N2-BET,
and activity for methanol synthesis at 593 K. XRD and BET analyses.

Manci¢, et al (2004) they reach to prepeared, spinel phase in
Cr,03\Zn0. XRD research was used to look into the development of the
nanostructure in particles made either through solution-based (spray py-
rolysis) or solid-state (mechanical activation) synthesis processes.
The application of the computation based on atomistic techniques for
the description of both defect and flawless spinel ZnCr,0, crystal lat-

tices allowed for the identification of specific structural flaws.

Kaiyuan, et al, (2012) was prepeared, Cr,03\ZnO composite using the
sol-gel technique, photocatalytic activity has been studied using
methyl orange dye as model and mercury light of 300W .From the
results, Cr,03\ZnO composite show higher activity under the
irradiation of a 300 W mercury lamp Comparing with pure ZnO or
Cr03



Chapter one Introduction

Jyoti, et al (2015) represents nanomaterials were synthesized by
hydrothermal method by varying the molar ratio of metals salts
followed by calcination at 500 °C. ternary Fe,Os/ZnFe,O4 ZnO
nanocomposite has been prepeared, the crystalline phase, surface
morphology and size of the prepared nanomaterials were characterized
by XRD, FESEM & TEM analysis. FESEM and TEM images

photocalaytic activity was studied using malachite green dye.

Mun Lam, et al (2018) successfully synthesized Cr,O; particles
anchored on the ZnO nanorods (Cr,0s/ZnO) by a hydrothermal
deposition technique, the photocatalytic results showed that the phenol
degradation by Cr,03 /ZnO heterostructures was higher than those of

pure ZnO and commercial TiO..

Nagabandi, et al (2019) They succeeded to prepeared ZnO-Cr,03
nanocomposites by using co-precipitation method. The structural
characterization was investigated using XRD, Gas sensing properties of
the fabricated sensors were studied at room temperature and
observed the superior sensing performance of ZnO-Cr,O3; sensor

towards ammonia at room temperature.

AbdulKareem, et al (2021) prepared Cr,03\Zn0O nanofilm by pulsed la-
ser deposition (PLD) technique at different concentration of ZnO. The
surface topography was investigated and analyzed using an  atomic
force microscope (AFM), and optical gap values varying from 2.50 to
2.78 Electron Volt were noted. gas sensors properties for ZnO-doped

Cr,03 thin films were investigated in an reducing ammnia gas sensor
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1-14 Aims of the present work

The main goal of this thesis is to find safe and economic methods for
photocatalytic degradation of fuchin acid dye using UV irradiation and
Cr,03/Zn0O nanocomposite .

1- Preparation of zinc oxide nanoparticles by hydrothermal method from
zinc acetate dehydrate and oxalic acid.

2- Synthesis of Cr,03/Zn0O nanocomposite by hydrothermal method from
zinc acetate dehydrate and oxalic acid and chromium oxide.

3- Characterization of prepared zinc oxide nanoparticles and Cr,03/ZnO
nanocomposite to determining various properties, by using XRD, FTIR,
UV-vis spectroscopy, band gap , SEM and TAG.

4- Study of different operational parameters such as catalyst loading,
initial dye concentration, pH and temperature on the rate of
photo-degradation of the fuchin acid dye.

5- Study the kinetics of the photo-degradation of fuchisn acid dye in
presence Cr,03/Zn0O nanocomposite photocatalyst and UV radiation.

6-Study the Thermodynamic parameters such as AH,AS,AG can be
estimated according to Eyring equation and Activation energy was calcu-
lated using Arrhenius equation, of the photo-degradation of acid fuchsin
dye in presence Cr,03/ZnO nanocomposite photocatalyst and UV radia-
tion.

7-Determine the average crystallite sizes by applying Scherer's” equation.

8- Study the parameters that affect the degradation efficiency of fuchsin
dye including the initial concentration of pollutants, masses of Cr,O3/ZnO
nanocomposite, pH of solution, effect of presence of peroxides, effect of
scavenger, and effect of temperature.
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Methodologies

2.1. Chemical Materials

The chemicals were used as received without any further purification

Table (2-1): Chemicals used and respective suppliers

: Supplied company | Purity
NO. | Name of substance Chemical formula o
0
1 | Chromium (I11) Oxide | Cr,03 Indian Production | 98
2 Sulfuric acid H,SO, British Drug Houses | 98
(B.D.H)
3 Hydrogen Peroxide H,0, Indian Production 30
4 | Fuchsin acid dye CaoH17N3sNa,0S; | Indian Production | 98
5 | Ethanol C,HsOH Merck Germany 98
o CDH) Central Drag | 98
6 Ascobic acid CesHgOs
House
CDH) Central Drag | 97
7 EDTA (CH2N(CH,CO2H)
House
] _ CDH) Central Drag | 97
8 Sodium hydroxide NaOH
House
.. i —Aldrich
9 Hydrochloric acid HCI Sigma ~Aldric 35
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Sodium azide NaN3 India Production 98

10

11 | Zinc acetate di hy- | Zn(CH3;C0OO0)3;.2H,0O | Sigma-Aldrich 99.99
drate

12 | Oxalic acid C,H,04 India Production 99.8

2.2. Instruments Analysis

Table (2-2): Instruments used in this study

No. | instrument Company Position of instrument
Furnace Size - Tow | Babylon University \ Collage

1 Furnace Gallenkamp , South of Ko- | of Science for women \Chem-
rea istry Department

Babylon University \ Collage
_ CLO008 , JANETZI — T5, _
2 Centrifuge _ of Science for women \Chem-
Belgium _
Istry Department

Babylon University \ Collage
_ LDO -060e, Labphy, Ko- _
3 Dried oven of Science for women \Chem-
rea
istry Department

_ Babylon University \ Collage
Fourier-Trans- SpactralR-2, Instrument, _
4 of Science for women \Chem-
form Infrared USA _
Istry Department
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LMS-1003, HANNA in- | Babylon University \ Collage
Hotplate = Mag- _
5 o struments ,Lapphy Eng- | of Science for women \Chem-
netic Stirrer ]
land istry Department
Babylon University \ Collage
HI 83141 , Hanna, Roma- _
6 pH meter _ of Science for women \Chem-
nia
istry Department
Scanning electron _ Tehran University, IRAN
7 _ SEM, Zeiss , Germany
microscopy
N _ Babylon University \ Collage
Sensitive  elec- | 3003- Denver instrument , _
8 _ of Science for women \Chem-
tronic balance Germany _
Istry Department
Babylon University \ Collage
) 405 power sonic , Hwashin | of Science for women \Chem-
9 Ultrasonic path _
, korea istry Department
UV-visible spec- o _ Babylon University \ Collage
UV mimi-1240 , shimadzu _
10 | trophotometer ] of Science for women \Chem-
, Japan
Single beam P istry Department
X- Ray Diffrac- | XRD6000, Shimadzu, Ja- | Ministry of Sciences and
11 | tometer pan Technology, IRAQ
Thermo gravimet- Babylon University \ Collage
12 |ric analysis | DTG-60, Shimadzu, Japan | of Science for women \Chem-

(TGA)

istry Department
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Babylon University \ Collage
13 Hydrothermal Binder , Germany of Science for women \Chem-
System .
Istry Department
UV Visible Baby!on University \ Collage
14 . Aa of Science for women \Chem-
diffuse reflact .
Istry Department
Babylon University \ Collage
15 | Oven Memmert,Germany of Science for women \Chem-

istry Department

2- 3 Methodologies

2-3-1 Preparation of Zinc oxide nanopartical

The synthesis of zinc oxide NPs were made utilising a hydrothermal
method that included the use of zinc acetate dehydrate and oxilic acid as
precursors, as described in the literature (Worasawat et al, 201). For this
situation, (5g)of zinc acetate dehydrate has been disolved in (50mL)
distilled water with constant stirring for 15 minutes at 298k. Meanwhile
a(3g) of oxilic acid di hydrate has been disolved in (50mL) distilled water
under stirring for same duration. After the zinc acetate dehydrate and oxilic
acid was completely dissolved, the mixture was prepared by slowly adding
oxilic acid solution drop by drop to zinc acetate dehydrate solution, while
magnetic stirring was kept at high speed. The process was permitted to
continue for 1 hour. This solution mixture was transferred into Teflon lined
sealed stainless-steel autoclaves and kept in hydrothermal oven at a tem-
perature of 160 °C for 24 h. Then the solution allowed to cool naturally to

room temperature. The resultant solution was filtered, the white precipitate
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of ZnO NPs washed with distilled water, ethanol and kept for drying .The

final product was calcined at 600°C for 2 hr.

oxailic zine
acid acetate
and Dw

stirriring T Transfor
for g for
15 o—Cm ) Tefion
minutes of
Stainiess
Steel
160 C AE—
For
24
hours

sonicating E Drvyness
‘ B
r =1

E white precipitate

——
(Zinc oxid)

Fig. (2-1): Prepration zinc oxid nanopartical.
2-4 Synthesis of Cr.03\ZnO nanocomposite

Nanoscale Cr,0s\ZnO composites were successfully synthesized via
hydrothermal route. (5g) of zinc acetate dehydrate has been disolved in
(50mL) distilled water with constant stirring for 15 minutes at 298k.
Meanwhile a(3g) of oxilic acid has been disolved in (50mL) distilled water

under stirring for same duration. After the zinc acetate dehydrate and oxilic
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acid was completely dissolved, the mixture was prepared by slowly adding
oxilic acid solution drop by drop to zinc acetate dehydrate solution , while
magnetic stirring was kept at high speed. 1g of Cr,O3 were dissolved in in
70ml distilled water and added to the mixture of zinc oxide nanoparticle
with continuous stirring until get homogeneous solution. The solution was
placed in a Teflon-lined autoclave and aged at 160 °C. The The reaction
powder obtained was filtered and washed twice with water, ethanol and
acetone, then dried at room temperature overnight. Finally, the mixture
powders were calcined at 600°C in the air for 2 h to obtain Cr,03/ZnO

composites(Qixuan et al,2017).

5g of zinc acetate were 3g of o)_(alit.: acid were dissolved in
dissolved in 50mL distilled water 50mL disstilled water
1gof Cr,0,
" — were disolved
P
' distilled water

washed several times with
deionized water and ethanol

Calcined
at 600°C

C Iy (0] 3 / ZnO
nano comoposites
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scheme (2-2) Synthesis of Cr203\ZnO nanocomposites Using hydrothermal

jprocess.
2- 4-1 X-ray Diffraction Analysis

The crystalline quality of the ZnO, Cr,03, and Cr,03\ZnO nanocomposite,
particle size, phase composition, and average spacing layers\rows of  at-
oms were examined using an X-ray diffractometer. A Shimadzu XRD6000
was used to conduct the study. At 40kV, 30mA, and 45 Cu K radiation (=
1.54056 A°), a rate of 5 degrees per minute, and a range of 2 degrees, the
measuring conditions were set (3- 60). The lattice planes of a crystal are
divided by d. Braggs' law were used to calculate the inter-plane spacing
(d).describes the length of the mirrored X-wave beam (1)), the  distance

(d) between atomic planes as in equation
nA =2d Sin0 «evevenennns (2-1)

n : is the diffraction order (n =1 is first order, n=2 is second order,n=3
is third order.

A :is the wavelength of the X-ray that incident on the crystal surface.
d :is the distance between the atomic layers.

O : is the angle with which the X-ray incident on the crystal surface

Using Debye—Scherrer’s equation, and the size of the synthesized
Cr,03\ZnO nanocomposite crystallite: was calculated using the strong
peak's full width at half maximum (FWHM):

D: The average crystallite size, while Kk is the Scherer’s constant related to
crystal shape, normally taken as 0.94 for homogeneous shape, whereas the
value for heterogeneous shape is 0.89. =0.154 nm is both the (Cuk) X-

ray wavelength and, B represent the full width at half maximum (FWHM)


https://en.wikipedia.org/wiki/Diffraction_order
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of the difraction peak in radians. O is the Bragg difraction angle at which

FWHM measure, A is X-ray radiation’s wavelength.

2.4.2 Scanning Electron Microscope (SEM):

The SEM is an instrument that uses electrons to an SEM machine named
ZESS EVO-50 was used for the examination. A little amount of the
sample was applied to the grid, any surplus material was removed using
blotting paper, and the sample was dried on the SEM grid for five minutes
under a mercury lamp to generate thin films on a carbon-coated tape. The
structure of the reaction products formed was determined by SEM analysis.
(Mishra et al., 2015).

2.4.3 Fourier Transform Infrared Spectroscopy (FTIR):

The fuctinal groups on ZnO, Cr,0O3and Cr,0O3\Zno was determined using a
Jasco FTIR-460 plus spectrophotometer as well as FT-IR, or Fourier
Transform Infrared Spectroscopy, in the wave number range of  (4000-
400 cm-1). KBr wafers are wafers constructed of KBr (Kumar et al.,
2022).

2-4-4 Thermo Gravimetric Analysis (TGA)

Thermo Gravimetric Analysis (TGA) Analysis is a destructive analytical
technique that analyzes the contents ofa sample using high-temperature
pyrolysis. Carbon-based materials are frequently heated to (30-1000°C) in
an inert or oxidizing environment. This approach measures the change in

mass of a sample(percent) as a function of time for a specific temperature

2-4-5 UV-Visble measurements

The band gap energy (Eg) of the synthesized Cr,03;\ZnO nanocomposite
was determined by measuring the reflection spectrum (reflectance as a
function of wavelength) using UV-vis diffuse reflectance spectra
(UV-vis DRS). Kubelka-Munk method which is used to determine the Eg

is based on the following equation
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2
1-R
F(R)= (2R R 2-3)

Where:
R: is reflectance; F(R) is proportional to the excitation coefficient.

By plotting (F(R)hv)? versus Energy, E (eV), Eg of nanocomposite can be
determined. Where n=2 for an indirect allowed transition.

Energy can be calculated using equation below:

By extrapolate from the band ege to get band gap in eV (Makula et al
2018).

2.5. Photocatalytic Reactor system
Fig (2-3) demonstrates that all experiments were conducted using the

photocatalytic degradation system.
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Fig. (2-3): Optical photo for main parts of the Photocatalytic degradation system.

2— 5-1 Measurements of photocatalytic activity
The photocatalytic degradation experiment was carried out using

photocatalytic reactor system, which included all of the major
components illustrated in Figure. (2-3). All photocatalytic measurements
were performed using Fuchsin acid dye solution contained in a photo re-
actor. A 20 mL from a 100 mg/L Fuchsin acid dye stock solution was di-
luted to a volume of 100 mL using distilled water for a Fuchsin acid dye
concentration of 20 mg/L. The quantity of Cr,03\ZnO composites was kept
the same throughout the experiment, using 0.139/100mL catalyst for each
degradation. The catalyst and Fuchsin acid dye solution were allowed to
stir in the dark for 30 minutes in order to allow for adsorption of the Fuch-
sin acid dye onto the surface of the Cr,03;\ZnO composites. The photo
reactor was then irradiated by a mercury lamp with 125 W while stirring.

Suspensions solution were sampled at regular intervals, 2-3 mL of the
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reaction mixture was withdrawn every 10 min, up to 60 min and centri-
fuged for 10 min. After the centrifuge, the absorbance at the maximum
wavelength of Fuchsin acid dye (520 nm) was measured with UV-visible

spectrophotometer.
2-6 Photocatalytic Experiments

The degradation of the dyes was performed by using fuchsin acid dye in
precense Cr,03\Zn0O nanocomposites as the photocatalyst. This technique
seems to be effective since complete degradation is achieved within 60 min
under the experimental conditions. The photocatalytic efficiency (PDE)

was evaluated using Equation as follow:

(AO_At)
AO

PDE % =

Where (Ao and A;) are the initial and remaining absorption at given time

(t) respectively.

2-7 Applications of Prepared Nanomaterials

2-7-1. The Effect of Cr.03\ZnO nanocomposites masses on the

photocatalytic degradation of fuchsin acid dye

To measure the optimal mass of the Cr,03\ZnO nanocomposites several
sets of experiments were carried out using (0.03, 0.06, 0.013,0.16, and 0.2
g\100mL) of catalyst nanopowder introduced into a dye solution of 20 ppm
in 100mL at 298k.
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2-7-2. The Effect of the Initial Concentration dye on photocatalytic
degradation process using constant mass of coupled of Cr.03\ZnO

nanocomposites.

Various studies were carried out with wvarying initial substrate
concentrations of fuchsin acid dye (10, 20, 30, 40, and 70) mg\L with
constant mass of (0.13 g\100mL) of Cr,03\ZnO nanocomposites, (pH=9),
temperature (298K).

2-7-3 The Effect of pH on the photocatalytic degradation process

using Cr.03\ZnO nanocomposites

The pH value of dye has a significant influence on the percentage of
degradation of dye. The effect of initial pH value of solution was
examined by varying pH of methyl orange solution (3, 5, 9, and 10)

respectively .

2-7-4. The Effect of the H.O> on the photocatalytic degradation of

fuchsin acid dye

A series of experiment were carried out using (1,2,3,4 % (v\v)) to study

the influence of H,O, on photocatalytic dye

2-7-5. The Effect of the reactive oxidative species on the

photocatalytic degradation of fuchsin acid dye

Several scavengers has been used to investigated the effect of reactive
oxidative species (ROSs) such as "OH, "~ O and 102 on photocatalytic
degradation of fuchsin acid dye.
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2-7-6. Effect of temperature on the photocatalytic degradation

process using Cr.03\ZnO nanocomposites

The effect of temperature on photocatalytic degradation of fuchsin acid dye
was investgated using different temperature (288, 298, 303, 308) K.

2-8 Measurement of the reaction rate constant

The typical Langmuir-Hinshelwood (L-H) model is used to study the
kinetics of dye photodegradation over as-synthesised materials

(Krishnakumar et al., 2011). Eq (2-6) which is expressed as

de  keK,C

R= =
dt  (1+k,C)

(2-6)

Where:

R: Rate of reaction, ks: Rate constant (min?),
Ka: Langmuir adsorption constant,

C: Concentration (mg\L),

t: Time (min)

The Langmuir—Hinshelwood equation can be modified as:

= — 3 (2-7)
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2-9 Thermodynamic Parameters:

2-9-1 Determination the activation energy:

According to the Arrhenius equation, the activation energy (Ea) is:

K = o E4RT s

BR —jakeedt . (20)
RT

The equation establishes a link between reaction rate and temperature. K:
The rate constant.

A: The frequency factor.

Ea : The reaction's Activation Energy. R:The gas constant

(8.314 J mol* K1), and T :The absolute temperature (Mohsin et al., 2013)
(Kzar et al., 2019).

2-9-2 Determination enthalpy of activation and entropy of activation
From the plot of the Erying equation, the values of AH and AS can be
computed as following

AH 1 Kg AS

k
l —— — - . + + )_

where, Kg=Boltzmann’s constant [1.381x1023)\K].
T = absolute temperature in Kelvin (K).

h=Plank constant [6.626x10734J-s].

k : the rate constant.

AH and AS the enthalpy and entropy of activation respectively.
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2-9-3 Determination Free energy of activation
The Gibbs' free energy AG may have computed using the following

formula

AG=AH-TAS (2-11)

AG :Change in Gibbs free energy.
AH : Change in Enthalpy.
AS : Change in Entropy.

T: absolute temperature in Kelvin (K).

2-10 Kinetic study of photodegradation:

Different experiments were conducted at the optimum condition, to check
the suitability of the model for photocatalytic degradation of Cr,03;\ZnO
nanocomposite. Tested both pseudo-first order reaction and pseudo-
second-order reaction. The integrated forms of the pseudo-first order and
pseudo-second-order models are according to Eq. (2-12) and Eqg. (2-13),

respectively

A
In — =kt (2-12)  First order

= + k.t 2-13 Second order
5 A % (2-13)

where Ay is the initial Absorbance.

A : The Absorbance after time t.



Chapter Three
Results and

Discussion




Chapter three Results and Discussion

3- Results and Discussion

3-1 Characterization Cr.03\ZnO nanocomposite

3-1-1 X-Ray Diffraction analysis for ZnO nanoparticles

The XRD pattern of pure zinc oxide nanoparticle were depicted in Table
(3-1) and Figure. (3-1),exhibited the typical peaks. The peaks were
observed at 20 = 31.837°, 34.502°, 36.334°, 47.650°, 56.726°, 63.012°,
68.114°, 69.254° and 89.860°, which are corresponding to the
crystallographic planes (100, 002, 101, 102, 110, 103, 112 and 201)
respectively. zinc oxide could be indexed to the hexagonal (JCPDS 38—
1479),The average crystallite sizes of synthesized ZnO nanoparticles were

calculated applying Scherrers equation(42.76nm).

Table (3-1): Average crystal size(nm) of ZnO nanoparticles, 2 Theta
\deg, FWHM \deg and 1\I,.

Compound |2 Theta| FWHM |I/], Interplanar | Average
/deg /deg distance (d) | Particle
Size/nm

36.4073 |0.20320 |100 2.46579
31.9228 |0.20540 |59 2.80120 42.76
345797 |0.18240 |47 2.59181

Zinc oxide
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Fig. (3-1): XRD patterns of ZnO nanoparticles.

3-1-2 X-Ray Diffraction analysis for Chromium(111)Oxide

The XRD pattern of pure zinc oxide nanoparticle were depicted in Table
(3-1) and Figure. (3-1),exhibited the typical peaks. The peaks were
observed at 26 = [ 21.3826 °,26.0844 °,31.2530 °, 38.0790 °,40.0649 °,
46.2634 °,49.5944 °, 54.2889 °, 69.3505 °, and 86.2419 ° respectively],
which are corresponding to the crystallographic planes [220, 012, 104, 110,
006, 202, 924, 116, 300, and 134] respectively.The Cr,Os is crystallized in
rhombohedral structure . All the observed planes are excellent in
accordance with the standard JCPDS card No. 96-900-8085. The average
crystallite sizes of Chromium(l11)Oxide nanoparticles were calculated
applying Scherrers” equation(23.1841nm).(Mohamed et al., 2021). As
shown in Table (3-2) and Figure. (3-2).



Chapter three Results and Discussion

Table(3-2):Average crystal size(hnm) of Cr.Os nanocomposite , 2
Theta \deg, FWHM \deg and 1\I,.

Compound |2 Theta| FWHM |1/, Interplanar | Average
/deg /deg distance (d) | Particle
Size/nm

21.3826 0.27770 |100 4.15217
Chromium | 26.0844 |0.28030 |79 3.413441 23.1841
(I11)oxide 26.4655 0.29160 |56 3.36512
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Fig. (3-2): XRD patterns of Chromium(111)Oxide
3-1-3 X-Ray Diffraction analysis for Cr.03\ZnO nanocomposite.

Cr,03/Zn0O nanocomposite with characteristic peaks at 26 = (30.3156 °,
31.7662 ° ,35.7165 °,36.3367 °,43.4067 °,53.8741 °, 57.4143 °,63.0672
°,71.5208 °, and 74.6533 °) which are corresponding to the
crystallographic planes [(*100 ZnO), (#104 Cr,0s3), (*002 ZnO), (#110
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Cry03) (#202 Cr,03), (#116 Cr,03), (*110 Zn0), (#214 Cr,03), (*004
Zn0), and (*202 ZnO)] respectively.The highest-intensity peaks in the
X-ray difraction pattern appeared at 26=35.7165, 63.0672,and 57.4143
were used to estimate the average crystallite size (D) of Cr,03/ZnO
nanocomposite using Debye—Scherrer’s equation(). The average crystallite
size (D), maybe smaller or equal to(12.74 nm) (Mohamed et al., 2021)
(Mahdi et al 2020). As clear in Table (3-3) and Figure. (3-3).

Table(3-3): Average crystal size(nm) of Cr.03\ZnO nanocomposite 2
Theta \deg, FWHM \deg and I1\I,.

Compound 2 Theta | FWHM/deg | I/l | Interplanar | Average
/deg distance (d) | Particle

Size/nm

35.7165 |0.63570 100 |2.51188
Cr,03/Zn0O 63.0672 | 0.76780 46 1.47285 12.74
nanocomposite |57.4143 |0.61170 42 1.60368
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Fig. (3-3): XRD patterns of ZnO,Cr203,Cr203\ZnO nanocomposite.
3-1-4-1- FTIR Spectroscopy Synthesized ZnO NPS:

FTIR spectra of synthesized zinc oxide consists of the
peaksat(444.02,498.75,546.84,607.37,825.45,88018,1029.43,1111.52,117
2.86,1376.88,1430.76,2370.23,2921.64,3350 cm™) .As shown in Figure.
(3-4) The FTIR band characteristics assigned at 3348 cm! corresponds to
the OH stretching of modes of water molecules. Stretching vibration modes
of Zn-0 is located at around 420 cm™ characteristic peaks as reported in
literature. Moreover, the band around and 623 cm™ may be also attributed
to the 621 cm™? binding mode. Hence, it can be conclude that the Zn-O
bond were formed successfully which are also the indicators for metals
and oxygen bond formations in the prepeared zinc oxide nanoparticles. The
band located at 2989 cm™ represent (CO,) groups. The band located
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(C-OH) at 1041 cm™, band located (C-C) at 621 cm™ (Shashanka et al.,
2021) (Resmi et al., 2021).
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Fig. (3-4): FTIR spectra of synthesized Zinc Oxide NPS .

3-1-4-2- FTIR of Chromium oxide NPs:

FTIR spectroscopy of chromium oxide nanoparticles was performed
using (Perkin Elmer model 1650) over the range of 400-4000 cm™. FTIR
spectra of chromium oxide nanoparticles consists of the peaks
at(459,754.19, 964.44, 1622.12, 2372.52, and 3329.24 cm-!) .As shown in
Figure. (3-5),the typical peaks in the FTIR spectra of chromium oxide na-
noparticles weak absorption at 459 cm™ of (Cr-O) single bond in  bending
mode, 754.19 cm™ bending mode of (Cr-O),964.44 cm™ strong vibration of
(Cr-0),1622.12 cm? of (C0,),2372.52 cm? of (C-H) vibration, and
3329.24 cm of (OH) group. (Zhenzhao et al., 2016)
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Fig. (3-5): FTIR spectra of Chromium oxide nanoparticles
3-1-4-3- FTIR spectra Cr03:\ZnO nanocomposite.

FTIR spectroscopy of Cr,03\ZnO nanocomposite was carried out using
(Perkin Elmer model 1650) over the range of 400-4000 cm™ FTIR
spectra of Cr,03\ZnO nanocomposite consists of the peaks at
(433,516.93,623.02,970.22,1060,1543,2366.73, and 3439.19 cml). The
stretching vibrations of the (OH) groups are represented by the absorption
peak, which was seen at 3439.19 cml. Groups (C-H) are represented by
the band at 2366.73 cm1. The band located at 1543 cm™ represented (CO,)
symmetric groups. The peak at 1060 cm™ can be attributed to the (C-O-C)
bond ,970.22 (Cr-O) strong vibration,623.02(Cr-0),516.93  (Zn-O) and
433 cm? (Cr-0)). (Mohamed et al., 2019) All results are in Figure. (3-6).
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Fig. (3-6): FTIR Spectra ZnO, Cr.03,Cr203\Zn0O nanocomposite.

3-1-5- Scanning Electron Microscopy (SEM) for synthesized
Cr.03\ZnO nanocomposites.

Scanning Electron Microscopy techniques(SEM, Zeiss, Germany) was
used to investigations the surface morphological of the Cr,03/ZnO
nanocomposite particles,in order to obtained useful catalyst. SEM
images, Gaussian and histogram of Cr,0s/ZnO nanocomposite are
illustrated in Figure. (3-7). SEM micrograph analysis was appeared as
irregular distributed aggregated along with aspherical shape. The average
grain size measured from histogram was in the range of (10-20nm), and the
grain size equal (13.63 nm) from Gaussian (Zelekew et al 2021) (Ainali et
al., 2021).
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Chapter three Results and Discussion

3-1-6 Thermo Gravimetric Analysis (TGA) for Cr.0s\ZnO
nanocomposite:

TGA is an analytical technique, was used to determine the temperature
decomposition of metal precursors using the NETZSCH STA 2500 TGA
setup, which operates at room temperatures up to (800 °C). Thermal
properties of Cr,0s/ZnO nanocomposite were investigated using
Thermogravimetric analysis(TGA), the sample weighed approximately (10
mg) and was placed inside a platinum crucible with air or nitrogen flowing
at a rate of (20 cm3 min-1). As clear in Figure. (3-8) a major weight loss
(60 mg) was observed in the range (100 — 200°C ), this weigh loss which
Is due to evaporation of the water on the surface of the nanocomposites,
after that the nanocomposite stables at 600°C (Badvi et al., 2021) (Wani
etal., 2021)

B B

TGA Cr:04Zn0O nanocomposite

mg

1800}
1700}
1600/

\\\~

1500 . T S
1400}
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0.00 200.00 400.00 600.00

\ Temp.[C] e

Fig. (3-8): Thermogravimetric analysis (TGA) of Cr.03\ZnO
nanocomposite.
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3-1-7 UV-Diffuse Reflectnce Cro03\ZnO Nanocomposite :

The band gap of synthesized Cr,03\ZnO nanocomposite was calculated
using Kubelka-Munk method, by plotting (F(R)hv)? versus Energy (eV).
The energy gap can be determination by exterapolting the strainght line.
The result were shown in Fig. (3-9). The obtained absorption band edge
was at approximately 333.23 and 398.70 nm. bonding between ZnO and
Cr,03 lead to a shift the band gap of the ZnO nanoparticle from 3.37 eV to
2.8 eV (Redaet al., 2021).

0.06 "
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L. 0044 [Emergygap=2.77eV 80 1
=
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B 002! | ®
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Fig. (3-9): (a) Kubela-Munk Plots for Cr.03:/ZnO nanocomposite at
600°C, and (b) Diffuse-reflectance UV-visible spectrum of Cr.03/ZnO

nanocomposite at 600°C
3-2 Photocatalytic degradation of fuchsin acid dye
3-2-1-A Preliminary experiments

Many experiments were performed to reach the optimum conditions of the
photocatalytic degradation processes. The first reaction has been done
using (20mg/L) of fuchin acid dye with the addition (0.13 g/100mL) of
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Cr,03/Zn0O nanocomposite under mearcury lamp,(10ml/min) flow rate of
air at room temperature (25°C) and (pH=9) (photocatalytic process). The
second reaction has been carried out using (20mg/L) of dye in the dark
using (0.13 g/100mL) of Cr,03/ZnO nanocomposite , (10ml/min) flow rate
of air at room temperature (25°C) and (pH=9) (adsorption). Third reaction
was performed using the same solution but without addition of Cr,03/ZnO
nanocomposite under mearcury lamp (photolysis). As shown in Figure.
(3-11), photocatalytic process gave the best degrade of the polluting
dye(fuchsin acid dye) compared to the adsorption process,  followed by
the photolysis process(photocatalytic process>Adsorption process>

photolysis process). (Zelekew et al., 2021).

1M\

0.9 s =——Photocatalytic
degradation
0.8 «

0.7 » —li— Adsorption

0.6 ¢
0.5 ¢
0.4 »«
0.3 ¢
0.2 ¢
0.1 ¢

Photolysis

(At/Ao)

0 20 40 60 80
Time/min

Fig. (3-10): Variation in (At / Ao) with irradiation time at (20 mg/L) of
fuchsin acid dye and 0.13 g/100mL of catalyst.

3-2-1-B Comparison betweenZnO nanoparticles and Cr.03/ZnO

nanocomposite

Different experiments have been performed for studing the photocatalytic
activity of synthesized ZnO nanoparticles and Cr,03/ZnO nanocomposite

using fuchsin acid dye under UV light irradiation. In this process
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0.13g/100mL amount of catalyst (ZnO nanoparticles and Cr,0s/ZnO
nanocomposite separately) was added into 100 mL of an aqueous solution

of fuchsin acid dye at a constant initial concentrations of 20mg/L .

As shown in Figure ( 3-11) Cr,03/ZnO nanocomposite(82.32%) is better
photocatalyst than ZnO (75.67%) for degradation of fuchsin acid dye.
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Fig. (3-11): Photocatalytic degradation efficiency using (20mg\L) of
fuchsin acid,pH=9.0, and 10mL/min flow rate of air, against different

catalyst.

3-2-2 The Effect of different parameter on the photocatalytic

degradation for fuchsin acid dye.

The photocatalytic degradation efficiency of fuchsin acid dye will
depend on diferent parameter that affects on the surface properties of
Cr,03/Zn0O nanocomposite. (Niu et al., 2020) (Rashid et al., 2016).
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3-2-2-1 The Effect of the mass of Cr.03\ZnO nanocomposite on photo
catalytic degradation of the fuchsin acid dye

The effect of masses of Cr,03/ZnO nanocomposite on Photocatalytic
degradation of fuchsin acid dye, was studied .using (20 mg/L) of dye, flow
rate of air (10mL/min), temperature (25°C) and (pH=9). Cr,03/Zn0O nano-
composite heterogeneous nanostructure was used in different weight
amounts ( 0.03,0.06,0.13.and0.29/100mL), by keeping dye concentration
as constant at 20 mg/L at pH 9.0and 10mL/min at 298k.As shown in
Table (3-4) and Figure ( 3-12), ( 3-13).,The photocatalytic degradation
increases up to 0.13g/100mL of nanostructure catalyst in 100 ml of the
fuchsin acid dye solution due to increase in the reactive sites on the
Cr,04/ZnO nanocomposite, beyond 0.13g/100mL of nanostructure
catalyst the degradation process is reduced, because of the scattering of
light and decrease in the penetration of light in the dye solution for the
reaction.When the amount of catalyst is higher in the solution, lead to
increases the turbidity of the dye solution and reduce the penetration of
light, and thereby leads to the decrease in the photocatalytic degradation of
dye. Also, the surface area becomes less as a result of nanocomposite
agglomeration at higher concentration of Cr,0O3/ZnO nanocomposite.
( Alshehri et al., 2020 ) (Jamil et al., 2020 ).
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Table (3-4): The chang in (A\Ao ) with irradiation time on different

masses of Cr.03\ZnO nanocomposite.

Catalyst mass of
(Cr203/Zn0) 0.03 0.06 0.13 0.20
g/100ml
Irradiation AdAo
Time/min
0 1 1 1 1
10 0.95 0.84 0.56 0.77
20 0.89 0.72 0.33 0.59
30 0.74 0.65 0.26 0.49
40 0.71 0.56 0.26 0.38
S0 0.66 0.53 0.23 0.33
00 0.66 0.52 0.18 0.34

( At/Ao)

—4—0.03 g/100 mL
——0.06 g/100 mL
e='wn(.13 g/100 mL
=>4=0.20 g/100 mL

20

40

60

Time/min

80

Fig. (3-12): Variation in (At \ Ao) with irradiation time at (20 mg\L) of
fuchsin acid dye,pH=9.0,and 10mL/min flow rate of air.
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Fig. (3-13): Photocatalytic degradation efficiency using (20mg\L) of
fuchsin acid,pH=9.0, and 10mL/min flow rate of air, against masses of

Cr203\ ZnO nanocomposite.

3-2-2-2 Effect of fuchsin acid dye initial concentration on the
photocatalytic degradation process

The effect of fuchsin acid dye concentration solution in the pho-
tocatalytic degradation processes (20,30,40,and70 mg\L) was tested by
keeping all the other experimental conditions constant at temperature
(298k), flow rate of air (L0mL\min), (pH=9.0) and 0.13 g/100mL mass of
Cr,03\ZnO nanocomposite. The results are plotted in Table (3-5) and
Figure (3-14), (3-16). These results indicated that the photocatalytic
degradation of dye reduced with the increasing of initial dye
concentration. As initial fuchsin acid dye concentration decreases, the path
length of the photon entering the suspension solution decreases so the
number of photons reaching to Cr,0O3\ZnO nanocomposite surface
increase and hence rate of formation hydroxyl radicals and super oxide ions

are increased, thereby increasing rate of degradation (Mondol et al., 2021).
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Table (3-5): change of A)\Ao through irradiation-time on  different
concentration for fuchsin acid dye.
oncentration of fuchin
acid dye ( mg/L) 20 30 40 70
Iradiation Time min AdAo
0 1 1 1 1
10
0.70 0.82 0.90 0.92
20 0.46 0.63 0.79 0.83
30 0.27 0.42 0.66 0.75
40 0.23 0.39 0.51 0.64
>0 0.21 0.33 0.52 0.63
60 0.15 0.29 0.51 0.56
=4=20 mg/ L
==30 mg/L
40 mg/ L
=é=70 mg/ L

(At/ Ao)

40
Time/min

60

80

Fig. (3-14): Variation in (At \ Ao) with irradiation time at different

concentrations of fuchsin acid dye,0.13g/100mL, pH=9.0,and

10mL/min flow rate of air.

Langmuir—Hinshelwood rate expression has been successfully used for

heterogeneous photocatalytic degradation to determine the relationship
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between the initial degradation rate and the initial concentration of the
organic substrate. The Langmuir-Hinshelwood madel is experessed as
Eq.(2-6)and (2-7)

1.80 -

1.60 =

1.40 + 4 10 ppm
E 1.20 - W20 ppm
~~ 1.00 - 30 ppm
& 0.80 - X 40 ppm
- 50 ppm
5 0.60 +

0.40 o

0.20 +

0.00 ¥ T T J

0 10 20 30 40 50
Time / min

Fig.(3-15): Linear variation of In(A; \A:) versus time for the
photocatalytic degradation of fuchsin acid dye at different initial
concentrations,0.13g/100mL, pH=9.0,and 10mL/min flow rate of air.

The results showed that the kinetics of photocatalytic reaction fit the
Langmiur— Hinshelwood kinetics model well. Therefore, the absorption of
fuchsin acid on the thin film surface is the controlling step in the whole

degradation process Figure ( 3-15).
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Fig. (3-16): Photocatalytic degradation efficiency at different
concentration of fuchsin acid dye. using 0.13 g \ 100 mL Cr.03\ ZnO

nanocomposite, pH=9.0,and 10mL/min flow rate of air.

3.2.2.3 : The Effect of the hydrogen Peroxide on photocatalytic

degradation of fuchsin acid dye.

Different experiments were performed for study the effect of the initial
hydrogen peroxide concentration (0.098 ,0.196 ,0.293 and 0.392M) on the
photocatalytic degradation of fuchsin acid dye using 0.13 g\100 mL
Cr,03\Zn0O naocomposite , 20 mg\L initial concentration of fuchsin acid
dye,pH=9.0 and 10 mL\min flow rate of an air bubble at temperature 298Kk.
Table (3-6) and Figure. (3-17) shows the effect of hydrogen peroxide
concentration on photocatalytic degradation of dye.As shown in Figure
(3-17), (3-18) degradation efficiency enhanced from (21.11 to 91.66%) by
increasing the initial hydrogen peroxide concentration from (0.098 to
0.292M). The increases in photocatalytic degradation efficiency of fuchsin
acid after the addition of hydrogen peroxide due to the increased reaction
between hydrogen peroxide and electron in the conduction band, on the

other hand hydrogen peroxide can effectively inhibit the electron-hole
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recombination. Since hydrogen peroxide is a better electron acceptor than
dissolved oxygen, it could act as an alternative electron acceptor to oxygen.
At low concentration of hydrogen peroxide, inhibition of the electron—hole
recombination is effectively contributed to the photocatalytic degradation
of fuchsin acid dye. However, further  increase in hydrogen peroxide
concentration above (0.293M) caused lower degradation of fuchsin acid
due to an inhibitive effect on the reaction between fuchsin acid and
electron in the conduction band of Cr,03;\ZnO nanocomposite. The other
reason for the inhibition effect can also be explained in terms of scavenging
of positive holes by adsorbed H,O, on the surface of Cr,03\ZnO
nanocomposite (Danyliuk et al., 2021) (Aziztyana et al., 2019) (Sharma et
al., 2021). The added H,O, could  accelerate the reaction by producing
hydroxyl radicals from scavenging the electrons and absorption of

UV-light by the following reactions:

H2O. + e b)) — ‘OH + "OH (3-3)
H.O2,+ 02" —>'OH+ OH+ 0O, (3-4)
H.02 + hv— 2°OH (3-5)

By addition of excess H>Oy, it acts as hydroxyal radical or hole scavenger
to form the perhydroxyl radicals (HO2") which is a much weaker oxidant

than hydroxyl radicals :
H.O, + *OH — H>O + HO>" (3-6)

H.O> + h* — H" + HO: * (3-7)
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Table (3-6): change forA:\Ao through irradiation-time on different

initial H-O: solution value.

0.098M 0.196M 0.293M 0.392M
initial

hydrogen

Peroxide

solution % v/v

Iradiation AdAo

Time min
0 1 1 1 1
10 0.95 0.90 0.60 0.71
20 0.87 0.79 0.47 0.58
30 0.84 0.65 0.25 0.44
40 0.72 0.57 0.19 0.40
50 0.68 0.45 0.14 0.29
60 0.66 0.42 0.08 0.25
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Fig. (3-17): Variation in (At \ Ao ) with irradiation time at different
initial  H>O> solution, using (0.13g / 100 mL) Cr.03/Zn0O

nanocomposite and (20 mg/L) of fuchin acid dye .
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Fig. (3-18) . Photocatalytic degradation efficiency using (0.13g / 100
mL) Cr.03/ZnO nanocomposite and (20 mg/L) of fuchin acid dye for
different H.O concentrations

3-2-2-4 Effect of pH on photocatalytic degradation of fuchsin acid dye:
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A set of experiments was performed to investigate the effect of initial pH
of suspension solution on the ability photocatalytic degradation of fuchsin
acid dye over 0.13 g \100mL of Cr,03\ZnO nanocomposite, 20mg\L of
fuchsin acid dye concentration, (10 mL\min) flow rate of an air bubble at
temperature 298k. The practical experiments were carried out under pH
solution (4, 5, 9 and 10). As shown in Table (3-6) and Figure (3-19),
(3-20) ,the optimum value of degradation fuchsin acid dye, was
determined at (pH=9). At pH in the acidic medium the surface of catalyst
become acidic this lead to increase repulsion of dye molecules with
catalyst surface, and hence decreases photocatalytic degradation

efficiency (Abilarasu et al., 2021).
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Table (3-7): change for at\Ao through irradiation-time on diffrent pH

value.
Initial-pH solution 4 5 9 10
Iradiation Time /min AdAo
0 1 1 1 1
10
0.86 0.96 0.66 0.80
20 0.71 0.88 0.54 0.68
30 0.58 0.73 0.37 0.52
40 043 | 069 0.31 0.36
50 0.37 0.49 0.21 0.32
60 0.34 0.39 0.11 0.21

=—f—pH =5
——pH =4
#—pH =9
—<pH =10
0 ¥ ¥ ¥ ]
0 20 40 60 80

Time / min

Fig. (3-19): Change in In (Ao \ At through irradiation-time at
different pH using UV radiation, using (0.13g / 100 mL) Cr20s/ZnO
nanocomposite and (20 mg/L) of fuchin acid dye.
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Fig. (3-20): Photocatalytic degradation efficiency using (0.13g / 100
mL) Cr203/Zn0O nanocomposite and (20 mg/L) of fuchsin acid dye for
different initial pH.

3-2-2-5 Investigation of different reactive oxidative species

The photodegradation of fuchsin acid dye by using Cr,0s3 / ZnO
nanocomposite has been investigated with the addition of three active
scavengers’ species, each scavenger specifies in trapping one active
species. For example, Ascorbic acid, EDTA-Na and Sodium azide as
being evaluation with the scavengers of superoxide radicals ("~ O2), holes

(h*) and singlet oxygen 1O, respectively.

The results are shown in Figure (3-21), (3-22) when 1.2 mM of Sodium
azide was added to fuchsin acid dye solution in the presence of Cr,03
/ZnO nanocomposite, the degradation rate was decreases as 76.79%, which
conclude that the main active species such as singlet  oxygen O, is finely
affected. While the degradation rate of fuchsin acid dye was decreased
55.19% with the addition of Ascorbic acid signifying that the superoxide

radicals ("~ O,) radical) plays a certain role in photocatalysis process.
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When EDTA-Na was added, the degradation rate of fuchsin acid dye was

highly affected, the degradation
representing that the holes (h*).

rate was decreases as 42.70%,

Table (3-8): change for A)Ao through irradiation-time on diffrent

Scavenging agent value.

scavenging Blank Sodium Ascorbic | EDTA-Na
agent azide acid
Iradiation AdAo
Time min
0
1 1 1 1
10
0.70 0.79 0.92 0.96
20
0.51 0.64 0.75 0.89
30
0.27 0.48 0.64 0.76
40
0.23 0.37 0.59 0.70
50
0.21 0.33 0.50 0.67
60
0.15 0.23 0.45 0.57




Chapter three Results and Discussion

1
0.9
0.8 «=@==Blank
— 0.7 =fl=Sodium azide
o
< 0.6 Ascorbic acid
> 0.5 === EDTA-Na
)
< 0.4
0.3
0.2
0.1
0 L_J - - -
0 20 40 60 80
Time / min

Fig. (3-21). Photodegradation rate in the presence of different  scav-
enging agent with precence Cr.03/ZnO, using (0.13g / 100 mL)
Cr203/Zn0O nanocomposite and (20 mg/L.) of fuchin acid dye
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Fig. (3-22): Photocatalytic degradation efficiency using (0.13g\ 100
mL) Cr203\ ZnO nanocomposite and (20 mg\L) of acid fuchsin dye for
different scavenger's agent.
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3-2-2-6 The effect of Temperature on photocatalytic degradation of

fuchsin acid dye:

A series of experiments were done for studding the influence of
temperature on photocatalytic degradation of fuchin acid dye (288
,298,303,and 308) k. By conservation other experimental conditions apply
constant at 20 mg\L initial fuchsin acid dye concentration of ( 0.13 g
\100mL) prepared Cr,O3 /ZnO nanocomposite dosage , (10 mL\min flow
rate of an air bubble ,and pH=9.0. The results in Table (3-9) and Figure
(3-23), (3-24) show that the degradation process of dye progressively
increased with increase in the temperature, this due to the increased
reactive hydroxyl radical obstetrics (Singh et al., 2021). The activation
energy associated with the photodegrdation of dye was calculated accord-
ing to the Arrhenius equation (2-7), by ploting of In k versus 1\T. From
Figure (3-25) the activation energy which equal 35.35. +1 kJ.mol™,
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Table (3-9): Change of A\Ao through irradiation-time of different-

temperature.

Temperature 288 298 303 308
/K
Iradiation Ad Ao
Time/ min
0 1 1 1 1
10
0.97 0.82 0.70 0.59
20 0.80 0.68 0.54 0.36
30 0.77 0.58 0.43 0.29
40 0.73 0.50 0.23 0.09
50 0.59 0.33 0.21 0.05
60 0.52 0.28 0.15 0.02
=—4—Temp.=288 K
=li—Temp.=298 K
— Temp.=303 K
< <—Temp.=308 K
S
g
0 2-0 4-0 60 8-0
Time/min

Fig. (3-23). Variation in (At \ Ao) with irradiation time at different
temperature, using (0.13g / 100 mL) Cr203/ZnO nanocomposite and
(20 mg/L) of fuchin acid dye



Chapter three Results and Discussion

1.2 »
1 o
—
o ra
< 08 ¢ Temp.=288 k
= 0 B Temp.=298 k
<
E_ Temp.=303 k
- 0.4 1 X Temp.=308 k
1
0.2
0 v v v .
0 10 20 30 40

Time / min

Fig. (3-24): Change in Ln (Ao \ Ay) through irradiation-time at differ-
ent-temperature using UV radiation, (20 mg\L) of fuchsin acid dye and
(0.13g\ 100 mL ) Cr203\Zn0O nanocomposite.
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Fig. (3-25): Arrhenius plot of fuchsin acid dye.

In order to calculate thermodynamic functions such as AH
(Change Enthalpy of activation) and AS (Change Entropy of activation),
Figure ( 3-26 ) was shown a linear relationship fitting the graph of Eyring
equation ( 2-8).
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Fig. (3-26): Eyring equation plot In(k\T) against 1000\T for fuchsin
acid dye.

According to the equation (2-10), a plot of In(k\T) versus 1\T produces a
straight line and the value of Enthalpy of activation can be calculated from
the slop of this line (AH=29.20 kJmol). And from the
y-intercept the Entropy of activation value (AS=—0.1778k J\ mol. k).The
positive value of Enthalpy of activation refers to endothermic  reaction.
In the present case the value of Entropy of activation is negative as in Table
(3-10), so that the prodect formed is more ordered than the reactants. The
Gibbs’ free energy AG can be calculated from the equation (2-9) and equal
(82.18 kJ\mol). The positive values of AG for the reaction indicate the

non-spontaneous nature of photocatalytic degradation of fuchin acid dye.

Table (3-10): The thermodynamic parameters of the photocatalytic
degradation of dye.
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Temperature/ Enthalpy of activation/ Entropy of activation/ | Gibbs’ free energy/
K KJ.mol*? KJ.molt.k? kJ.mol*
298 29.20 -0.1778 82.18

3.3. Reaction kinetics

The rate of reaction has been studied using the effect of initial dye
concentration(20, 30, 40, and 70 mg/L) using 0.13g / 100 mLCr,03/Zn0O
nanocomposite. a series of experiments has been performed to determine
the rate of reaction. Pseudo first order and pseudo second order Kinetic
expressions were widely used by majority of the researchers today to
describe the photocatalytic oxidation of pollutant. These models are
expressed by the equations (2-12) and (2-13). (Mohammad et al., 2021).
Best fitting kinetic model was chosen using linear regression method.
Figures. (3-27) and (3-28) depict the kinetics of fuchsin acid degradation
under UV catalytic activities by the Cr,03/ZnO photocatalysts.
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Fig. (3-27). The plots of In (Ao \At) versus irradiation time at different initial

fuchsin acid concentrations. using0.13g / 100 mL Cr203/ZnO nanocomposite .
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Fig. (3-28) : The plots of (1/At/1/A0) with versus irradiation time at different initial

fuchsin acid concentrations. using0.13g / 100 mL Cr203/ZnO nanocomposite .
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Table (3-11) Kinetics of dye photo catalytic degradation by deferent

concentration.

First order Second order
Concentration/ (mg/L) k1 R? k2 R?
20 0.0093 | 0.995 0.0928 0.89857
30 0.0132 | 0.9806 0.0297 0.8996
40 0.027 | 0.9665 0.0151 0.8219
70 0.0413 | 0.9901 0.0057 0.8954

3-4 Proposed Mechanism of photocatalytic degradation of Fuchsin
acid dye

When the aqueous fuchsin acid dye solution was exposed to UV light in
the presence of Cr,03s/Zn0, the light irradiation promotes electron from
valence band to conduction band of the chromium oxide leaving behind a
positive hole(h+) in valence band as shown in Figure (3-29) . The photo
generated electrons will move from the surface of p-type Cr,Osto the
conduction band of the n-type ZnO and the holes will move to the valence
band of the p-type Cr,0Os. The electrons in the conduction band of ZnO will
be interacted with oxygen and superoxide radical anions (¢ -0 ) will be

generated. Moreover, the holes in the valence band of the p-type Cr,O3 will
be reacted with OH "~ or H,O and reactive oxygen  species (*OH) will be

formed. Then, *OH and «—O- can be reacted with fuchsin acid dye and

decomposition to H,O and CO; is expected .
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Figure. (3-29) Proposed photocatalyst under light irradiation mechanism of
fuchsin acid dye with Cr203/ZnO nanocomposite.

The Cr,03/Zn0O nano composite photocatalyst mechanism is explained by
the following equation:

Cr,03/Zn0 + hv Cr,03/ZN0 ey (€7 (cB) + N T (vB) ) (3-6)

Cr,03/Zn0 (e (cr)) +O; —> Cr,03/Zn0 + 703 (3-7)
Cr,03/ZnO (h " (ve) ) + HLO =——> Cr,03/Zn0O + H* + « OH (3-8)
Cr04/ZnO (h* (vg)) + OH =——> Cr,03/Zn0O + + OH (3-9)

Cr,03/Zn0 + *~ 02+ dye degrade dye e—— (CO2 +H20) (3-10)

Cr,03/Zn0 + * OH + dye degrade dye ——3%CO; +H,0) (3-11)
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3-5 Conclusions

1- Prepearation of Zinc Oxide nanoparticle using hydrothermal method. 2-
Chromium oxide/Zinc Oxide (Cr,O3/Zn0O) nanocomposite was pre-

pared using hydrothermal method.

3-The mean crystallite size for the prepared Cr,0O3s/ZnO nanocomposite
were calculated using Scherer equation, and the results showed that the
average crystallite size and average particle size of all photocatalysts were
12.72 nm according to XRD.

4- The photocatalytic degradation processes of acid fusion dye depended
on the amount of catalyst dosage and the optimum value equal (0.13
g/ 100 mL) of Cr,03/ZnO nanocomposite. The best photocatalytic degra-
dation efficiency percentage of acid fusion dye (85.23%).

5- The effect of dye concentration has been studied the optimum value of
acid fuchsin dye (20mg/L) dye. The photocatalytic degradation of acid
fuchsin dye decrease with increase concentration of dye due to the

decrease of the concentration OH  adsorbed on the catalyst surface.

6- The activation energy has been calculated when used acid fuchsin dye =
31.67 kJ.mol*

8- Using Eyring equation thermodynamic parameters (AH, AS) for acid
fuchsin dye were calculated (29.20 kJ/mol and (- 0.1778 kJ/mol. k)
respectively, from the results the reaction is endothermic with low
randomness. AG (82.18 kJ/mol) was calculated and the reaction is

non-spontaneous.

9- Diferent materials has been used to quench the photocatalytic deg-

radation process.
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10- The Effect addition of the hydrogen peroxide concentration on
photocatalytic degradation of dye. The increased photocatalytic
degradation efficiency of acid fuchsin dye after the addition of hydrogen
peroxide can be explained by the increased reaction between hydrogen
peroxide and electron in the conduction band of acid fuchsin dye.
According to, hydrogen peroxide can effectively inhibit the electron—hole
recombination. The other reason for the inhibition effect can also be
explained in terms of scavenging of positive holes by adsorbed H,O, on

the surface of Cr,03/ZnO nanocomposite.
3-6 Recommendations

The following recommendation to be done for further studies:
1. The synthesis and coating of ZnO with different metals such as Ag, Pd,
Au.

2. Synthesized Cr,03/ZnO nanocomposite by using green method.

3- Study the effect of nitrogen gas on the photocatalytc degradation

process.

4- The photocatalytic studies using various electron scavengers like
KCIOs3, KBrOs, KIO,4 and K;S,05 on decomposition of fuchsin acid dye.

5- The photocatalytic studies using electron scavenger and Cr,03/ZnO
nanocomposite photo catalyst on fuchsin acid dye .
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