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Summary

This work contains two major parts:

The first part include preparation of graphene oxide ( GO ) by
modified hummer method , preparation zinc oxide ( ZnO ) nanopartical
by sol-gel method and preparation of GO/ZnO nanocomposite by
sonocatalysis method. Study the characteristic of nanocomposite using
various techniques such as X-ray diffraction (XRD) , Fourier transform
infrared (FTIR) , Energy dispersive X-ray spectroscopy (EDX) |,
Scanning electron microscopy (SEM) , Specific surface area (BET) and
Thermo gravimetric analysis (TGA) . The particle size of synthesized

GO/Zn0O nanocomposite was calculate using scherer equation (23.769nm)

The second part include study of photo catalytic activity of prepared
nanocomposite, by using orange G dye. The rate of photocatalytic
degradation process is affected by different parameters such as initial
concentration of dye, effect of mass of catalyst , initial pH of solution,
effect of temperature , effect of light intensity , effect of CH;OH and
H,O, . All experiments was performed under optimum condition from
(0.15 g/ 100 mL ) of GO/ZnO nanocomposite, (10mL/min) air flow rate .
The best removal percentage of orange G dye (97.33% ) . The effect of
dye concentration has been studied the optimum value of orange G dye
(10mg/L) dye . The light intensity 9mW/cm?® pH=8.74, temperature
25°C and at laboratory conditions for orange G dye.
Activation energy for the photo degradation process was calculated using
arrhenius equation .they were equal to (35.35 KJ/mol ) .Enthalpy and
entropy of activation and free energy of activation can be estimated
according to eyring equation . Thermodynamic parameters ( AH, AS ) for
orange G dye were calculated ( 32.88 kJ/mol and - 0.164 kJ/mol.k)



Summary

respectively, from the results the reaction is endothermic with low
randomness. AG (81.75 kJ/mol) was calculated and the reaction is

non-spontaneous.
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Chapter One Introduction

1- Introduction

1-1 General Introduction

The discharge of colored effluent into streams not only alters their
natural aesthetic, but also interferes with the transmission of sunlight into
streams, reducing photosynthesis. Wastes from the dye industry, the pulp
textile industry, and the paper sector are all highly colored.
The presence of even trace amounts of dyes in water reduces light
penetration through the water surface, preventing photosynthesis by
aquatic plants. Various dyes are teratogenic, carcinogenic, mutagenic, and
poisonous to humans, microorganisms, and various fish species. As a
result, the removal of water wastes is crucial for the environment
(Aljeboree et al., 2020 ).The removal and decrease of pollutants such as
heavy metals (HM), toxic organic dyes and solvents, pesticides, and the
separation of oil or other toxic pollutants from water are all examples of
environmental remediation employing biopolymers
( Almutairi etal., 2021 ).

1-2 Nanotechnology

The principles in "nano-technology™ were first used in a discussion
delivered by physics professor Richard Feynman at an American Physical
Society meeting at Caltech on December 29, 1959, even before the phrase
was in the lexicon. This presentation was the catalyst for the development
of nanotechnology as a field of study.Albert R. Hibbs suggested to
Feynman that his micromachines may be used in medicine. Professor
Norio Taniguchi of Tokyo Science University coined the
term“nanotechnology" in a 1974 study. In the late 1970s and 1980s, Eric
Drexler promoted molecular nanotechnology's promise. In 1981,

scanning tunneling microscopy was developed. Engines of Creation (Eric
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Drexler), the first book about nanotechnology, was released in 1986.
(Adya et al., 2020).Nanotechnology and nanoscience refers to the
Improvement, advancement or application of atomic/molecular structures
with at least one dimension that is in the nanoscale range (1~100 nm)
with variable composition, hape/morphology, size, or surface properties
( Nasrollahzadeh et al., 2020 ). A nanomaterial is defined as a material
with at least one exterior dimension at the nanoscale, according to the
International Organization for Standardization. Nanoparticles can be
classed based on their shape or chemical composition, in addition to their
tiny size. Carbon-based nanomaterials come in a variety of shapes and

sizes, depending on their chemical makeup. ( Rhazouani etal., 2021 ).
1-2-1 Synthesizes of nanoparticles

For the preparation of metallic nanoparticles, many methods are
used, 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, chemical
vapor deposition (CVD), physical vapor deposition (PVD), and other
decomposition processes are examples of this technology ( Khan et al.,
2019).

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 finished nanoparticle.



Chapter One Introduction

Bulk material

[ TOP DOWN METHOD ]

Nanoparticles

A

[ BOTTOM UPF METHOD ]
|

Fig.(1-1) : An overview of top down and bottom up method
( Jamkhande et al ., 2019 ).

1-2-2 Application of nanotechnology

1- Water Treatment.

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

4- Application in Energy.



Chapter One Introduction

5- Application in Agriculture.

6- Diagnostic Application of nanoparticle ( Jadhav etal., 2021).

1-2-3 Classification of Nanomaterials
nanomaterial classification based on their dimensionality
1-2-3-1 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 ).
1-2-3-2 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 etal., 2018).

1-2-3-3 Two-dimensional Nanostructures

These materials have two dimensions of >100 nm each. They have
plate-like structures and thin layers of at least one atomic layer thickness.
Graphene, graphene oxide, and reduced graphene oxide, layered double
hydroxides, transitionmetal dichalcogenides, transitionmetal oxides, black
phosphorus, graphitic carbon nitride, hexagonal boron nitride, antimonite,

boron nanosheets, and tin telluride nanosheets ( Li etal., 2022).
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1-2-3-4 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 etal., 2018).

0D 1D 2D
) nanotube Bulk solids
nanoplartlcles, nanofiber TMDC Silicene nanocomposites
;)anoDc “éteg’ nanowire Germanene nanocrystalline
QDs,CQDs nanorod Phosphorene materi;ls
nanofilaments films,BSG

Fig .(1-2) : Classification of nanomaterials depending on the

dimensions ( Barhoum et al., 2022 ).

1-3 ZnO nanopartical

Zinc oxide (molecular formula ZnO) is widely regarded as one of the
most widely used inorganic nanomaterials. It's a white powder that's
almost insoluble in water (Paul et al., 2019 ). Many enzymes, including
as carbonic anhydrase, carboxypeptidase, and alcohol dehydrogenase,

become inactive without zinc, but cadmium and mercury, both members
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of the same group of elements, are toxic. It was also taken into account
the toxicity of nanoparticles that produce damaging ions. Zinc oxide

reacts with acids and alkalis to form Zn®* ions because it is amphoteric.

ZnO + 2HCl — ZnCl, + H,0 (1-1)
ZnO + 2NaOH — Na,ZnO, + H,0 (1-2)
ZnCl, — Zn* + 2CI° (1-3)

( Siddigi et al., 2018 ). In humans, zinc is required for the activity of
enzymes.We have about (2-3 g) of zinc in our bodies, with a daily
requirement of (10-15 mg) . Zinc oxide nanoparticles are used as a
dietary supplement because they are easily absorbed by the body due to
their small particle size. Zinc has been found to have an impact on a

number of physiological processes ( Darshita etal., 2021 ).
1-3-1 Crystal Structures of ZnO

Zinc oxide (ZnO) is an 11-VI semiconductor with a broad direct band
gap of 3.37 eV and a significant exciton binding energy of around 60
meV at 300 K. (i.e. in the near-UV range). The figures for ZnO band gap
energy provided in literatures are not always the same due to the
existence of various degrees of oxygen vacancies in the ZnO samples.
ZnO can crystallize in three different forms depending on the conditions:

hexagonal wurtzite, cubic zinc blende, and rock-salt structure.

6
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Fig.( 1-3) : Stick and ball representation of ZnO crystal structures:
(a) the rock-salt structure; (b) the cubic zinc blende unit cell ; (c) the

wurtzite structure ; (d) the wurtzite structure unit cell.

The hexagonal wurtzite structure of ZnO is the most thermodynamically
stable and, as a result, the most common of the three. Under normal
conditions, ZnO preferentially crystallizes as wurtzite. The ions in the
wurtzite structure are tetrahedrally coordinated, much like in the zinc
blende structure (Figure 1-3 (b)), however instead of the fcc-type lattice
in the zinc blende structure, each type of ions forms a separate hexagonal

closed pack (hcp)-type lattice ( Zhou etal., 2017 ).

&x;
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1-3-2 Applications of zinc oxide nanoparticles

The uses of ZnO have changed significantly over time. ZnO also has

many specialized applications, the most important of which are
1-3-2-1 Ceramics and concrete :

Ceramics, particularly the tile sector, is the second major application
of ZnO. The French and American ZnO processes are both suitable. ZnO
has a high heat capacity, thermal conductivity, and temperature stability,
as well as a low coefficient of expansion, which are all desired features in

the manufacture of ceramics.
1-3-2-2 Pigments and coatings :

Zinc Oxide (ZnO) is an essential white inorganic pigment in niche
applications, although being mostly replaced by TiO,. Zinc oxide
pigments are referred to as ‘zinc white," 'Chinese white," or ‘zinc flowers,’
with the phrase 'zinc white' now reserved for ZnO pigment manufactured
using the French technique. The pigment is available in two forms: dry

and oil paste ( Moezzi etal., 2012).
1-3-2-3 Medical applications :

Zinc Oxide structure are used in a wide variety of medicinal and
biological applications. Mirzaei and Darroudi gave an outstanding
presentation on green ZnOS synthesis and biological applications. They
offered a full description of the green polymers, plants, and bacteria used
in ZnOS synthesis, as well as an explanation of how ZnOSs are used in

anti-cancer therapies.
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1-3-2-4 Sensing applications :

Because of their excellent binding ability with biomolecules,
enhanced electrochemical potential, and sensing features, ZnOSs are
considered an excellent candidate for the fabrication of biosensors,
electrochemical sensors, and gas sensors in their various nano
dimensions, i.e. nanoparticles, nanorods, nanosheets, nanolayers, etc.
( Noman etal., 2022).

1-3-2-5 The Textile Industry :

Commercialization of nanotechnological goods has a lot of potential
in the textile industry. Water repellent and self-cleaning textiles, in
particular, hold a lot of promise for military applications when there isn't
much time for laundry under harsh conditions. Self-cleaning and water
resistant textiles are also very useful in the business environment for
preventing unwanted stains on garments. Another key issue to consider is

protecting the body from the harmful UV rays of the sun.
1-3-2-6 Photocatalysis :

In recent years, there has been a lot of research on photocatalysis. By
using oxidation or reduction reactions on the catalyst's surface, an
electron-hole pair is created below the intensity of light in this process.
An organic pollutant can be oxidized directly by a photogenerated hole or
indirectly by a reaction with distinctive reactive groups (ROS), such as
the hydroxyl radical OH, created in solution, in the presence of a

photocatalyst ( Kotodziejczak-Radzimska et al., 2014 ).
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1-4 Graphene Oxide

Graphene is a one-atom thick hexagonal carbon lattice with a vast
surface area, great thermal and electrical conductivity, and mechanical
strength.Because pure graphene has no imperfections, it has a low
chemical reactivity and is inert in organic solvents. Fabrication of
graphene at high temperatures, on the other hand, produces imperfections
but degrades its structure. These structural flaws, on the other hand,
serve as active locations for electron transport and, as a result, stimulate
electrostatic interactions ( Shahriari et al., 2021 ). When graphite is
oxidized in protonated fluids, graphite oxide is formed, which is made up
of many stacked layers of graphene oxide (GO). GO has a hexagonal
carbon structure similar to graphene, but it also contains oxygen-based
functional groups such as hydroxyl (OH), alkoxy (C-O-C), carbonyl
(C=0), carboxylic acid (COOH), and others. Apart from the simplicity of
production, these oxygenated groups have a number of advantages over
graphene, including increased solubility and the ability to surface
functionalize, both of which have opened up new possibilities for
application in nanocomposite materials. ( Smith et al., 2019) . Because of
its unigue and excellent qualities, graphene oxide (GO) is currently an
emerging novel substance in the world of science and technology. Due to
its unusual two-dimensional lamellar structure and large surface area, as
well as full surface accessibility and edge reactivity, the water-soluble
derivative of graphene oxide is highly valued and continues to be
extensively  explored by scientists all over the world
( Kamakshi et al.,2018).

10
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Fig.(1-4 ) : The schematic structure of graphite oxide ( GO )
(Song etal., 2014).

1-5 Dyes

Due to the large amounts of water needed in dyeing processes, the
textile sector is one of the largest producers of liquid effluent pollutants.
Furthermore, the different effluent properties in terms of pH, dissolved
oxygen, organic and inorganic chemical content are determined by the
different processing stages and types of synthetic dyes used during this
conversion( 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
market, with anthraquinone dyes following in second.UV and visible
light irradiation have no effect on them. They are also resistant to aerobic
degradation and can be transformed to carcinogenic aromatic amines in
anaerobic or in vivo settings ( Madhavan et al ., 2010 ). Azo dyes are
the most common synthetic colorants used in everyday life, particularly
in textile processing. Azo dyes are distinguished by the presence of one

or more azo bonds (—-N=N-) in combination with aromatic systems and
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auxochromes (-OH, -SO;, and so on). Poisonous, mutagenic,
carcinogenic, and non-biodegradable textile effluents have been
discovered, posing a public health danger. Traditional methods for
eliminating azo dyes from the aquatic environment include physical,
chemical, and biological processes such as adsorption, coagulation,
photo-catalysis, ozonation, and biosorption. However, these tried-and-
true procedures have proven to be costly, time-consuming, and
ineffective ( Cai etal., 2016 ). Azo dye compounds have a wide range of
applications in the industry, including photodynamic therapy,
photosensitivity, and biological activity due to their use in anti-
inflammatory, antibacterial, and antifungal treatments
( Karimetal., 2019).

Conventional Methods for Dye remival from water

I Physical - Chemical I

1-Coagulation and flocculation 1-Treatment by bacteria
2-Electro-Coagulation 2-Treatment by fungi and yeasts
3-Chemical precipitation 3-Treatment by algae
4-Oxidation

5-Ion exchange
6-Irradiation
7-Membrane filtration
8-Adsorption

Fig.(1-5): Treatment methods for the removal of dyes from

wastewater effluent (Saratale et al., 2011).
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1-5-1 Classification of dyes

There were 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).

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- Polymethine dyes
4- Mordant dyes Adjective dyes 4-Benzod1ﬁllranone dyes
5- Reactive dyes ' 5- Polycyclic aromatic
6- Disperse dyes 2- Synthetic dyes carbopyl Idyes
7- Solvent dyes o 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. ( 1-6) : Schematic diagram for classification of dyes according to
their chemical structure and method of application
(Benkhaya et al.,2020 ).

1-6 Orange G dye

The azo dye is a type of dye that is used to make Orange G is an azo
dye, which is a type of dye. Disodium salt of 7-hydroxy-8-[(E)-
phenyldiazenyl] naphthalene-1,3-disulfonic acid In OG dye, one azo
group is connected to an aromatic ring. Because of its molecular
structure, it is chemically stable.The chemical formula is
C1sH1oN2Na,0;S,. ( Rana et al., 2021 ). This dye was chosen because it

13
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has a variety of functional groups, such as ( sulfonate, aryl , hydroxyl ,
and azo groups ) ( Meetani et al ., 2011 ).

ey
0==0 N/
0
I

NaO—S§

Fig.(1-7) : Structures of orange G dye
1-7 Principles 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 numerous forms of
heterogeneous reactions, the mechanism of surface reactions on a solid
substance has been extensively studied. Heterogeneous reactions in other
systems, on the other hand, have not been investigated in depth from a
macroscopic perspective due to technical constraints. 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).Using

semiconductor oxides, metal oxides, and solar lamps, heterogeneous

Q
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photo catalytic methods have been employed to remove organic and
inorganic pollutants from carbon dioxide and water in the last decade.
Zinc oxide is one of 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 ).

%
ZnO {“ +
Eg \a 0 \3 //\u Na
W &'Orangec dye J

Dye degradation

Fig.(1-8) : A schematic diagram illustrating the principle of
photocatalysis .

+

ZnO+hv —ZnO (e + h ) (1- 4)
The holes in the valance band can be oxidize directly the pollutant

h' +dye — dye ' — degradation of the dye (1- 5)

or generate high reactive hydroxyl radicals (OH-) by decomposition of

watre

h*+H,0 - H + OH (1- 6)
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or reaction with hydroxyl ions (-OH) in water, are involved in an

oxidation reaction .
h' + OH—— OH' (1-7)

Photo electrons produced in the conduction band on the catalyst surface,
on the other hand, can convert adsorbed oxygen into superoxide anions
when they engage in a reduction reaction (Karthikeyan et al., 2020 )
(Rong etal., 2016 ).

e+0,— O, (1-8)
2e” + 0, +2H" — H,0, (1-9)
e +H,0, - 0OH + OH (1-10)
OH + dye — intermediates — CO;+ H,O (1-11)

( Dhatwalia et al., 2022 ) (Rajamanickam et al., 2016).

1-8 Improving Surface Properties of Zinc Oxide

nanoparticle

Zinc oxide (ZnO) is a potential material for UV sensing because it is
a safe wide-band semiconductor with a high binding energy of excitons at
ambient temperature. However, pure ZnO has low sensitivity and weak
responsivity, making it unsuitable for practical applications. As a result,
many attempts have been made to increase the performance of ZnO UV
sensors, such as adding various chemicals. Controlling band gap, defect
states, carrier concentration, carrier mobility, and lifespan UV sensing of
materials may all be improved with the use of additives and dopants. This
enables increased sensitivity in the construction of devices.
Semiconducting, metallic, non-metallic, and polymeric additives are

common. Carbonaceous species have been shown to efficiently separate
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photo-generated excitons on the surface of ZnO and reduce the rate of
electron-hole recombination by forming an electrical field in the charge
space near hetero-interfaces. When a hybrid nanostructure was spray
coated on ZnO nanorods, it was found to have a strong response to UV
radiation. On the other hand, graphene oxide (GO) is a unique and
innovative carbonaceous material whose composites have shown
considerable improvements in UV sensitivity, possibly due to its high
active surfaces and great carrier mobility, among other unique features.
The effect of GO confinement on the stability and dispersion of ZnO
nanoparticles is significant; on the other hand, ZnO nanoparticles on the
GO can operate as a chemical trap to prevent graphene agglomeration. As
a result, GO and ZnO are both promising candidates for making practical
nanocomposites ( Alamdari et al., 2019 ). photocatalytic degradation of

organic dye utilizing GO/ZnO photocatalyst mechanism :

GO-ZnO + hv — ZnOcg(e) + ZnO s (h") (1-12)
ZnO0cg () + GO — ZnOg + GO (¢) (1-13)
GO (¢) + O, — GO + 0y (1-14)
ZnOvs (h*) + H,O — ZnOs + OH (1-15)

OrangeG + O, +OH — CO, + H,O + Intermediates (1-16)

The pace of electron-hole (e” and h*) pair creation and the availability of
adequate contact between the dye and the catalyst determine the catalyst's
photodegradation efficacy. Orange G dye is initially adsorbed on the
surface of the GO/ZnO photocatalyst. Visible light illumination excites
the GO/ZnO nanohybrid. When photon energy exceeds band-gap energy
(hv > Eg), holes in the valence band (VVB) and electrons in the conduction

band (CB) are created in GO containing ZnO. The photoinduced
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electrons from the CB of ZnO are captured by the GO nanosheets in the
catalyst structure, thereby increasing the photo-generated charge
separation efficiency. When photoinduced electrons-holes react with O,
and H,O/OH in the solution, strong active oxidizing species ( ‘O, super
oxide radical anion and - OH/hydroxyl radicals) are produced. The two
types of oxidizing reactive radicals (O, / ‘OH) can then destroy orange G
molecules adsorbed on the catalyst surface, producing CO,, water (H,0),

and intermediates ( Puneetha et al., 2021 ).

B )
k @M'»’ :

H.O N; 0~ \% /0 Na

\‘OrangeG dye
OH

Dye degradation

Fig.( 1-9) : Schematic diagram for proposed charge transfer on the

surface of GO/ZnO nanocomposite under solar light.
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1-9 Advance Oxidation Process(AOPS)

AOPs are technologies that are used to oxidize a variety of organic
pollutants in dirty water in order to produce clean water for human use,
such as drinking and other domestic uses ( 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 (Yu et al.,, 2018). The so-called Advanced
Oxidation Processes (AOPs) are a group of technologies that are
comparable but not identical and are based primarily (but not only) on the
generation of highly reactive hydroxyl radicals . Photocatalysis, both
heterogeneous and homogeneous, Fenton and Fenton-like processes,
ozonation, ultrasound, microwaves, and g-irradiation, electrochemical
processes, and wet oxidation processes are all examples of AOPs
( 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 ).
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Sonolysis
Ozonation Wet Air
Oxidation
Advanced
Oxidation
Processes
UV Based Fenton

Photo-Fenton

Fig.(1-10) : Classification of Advanced Oxidation.
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1-10 Literature Review

( Jiang et al., 2011 ) succeeded in developing a method for synthesizing
graphite oxide/TiO, composites as a highly efficient photocatalyst by in
situ depositing TiO, nanoparticles on graphene oxide nanosheets via
liquid phase deposition, followed by a 200 C calcination treatment. The
photocatalytic  activity of ascomposites was influenced by

post-calcination temperature, graphene oxide content, and solution pH.

( Xiang et al., 2012 ) allows researchers to investigate recent advances in
the design and production of graphene-based semiconductor
photocatalysts using a variety of methodologies, such as in situ growth,
solution mixing, hydrothermal, and/or solvothermal approaches.
Photocatalytic capabilities of the resulting graphene-based composite
systems are also examined in connection to environmental and energy
applications such photocatalytic pollution degradation, photocatalytic

hydrogen generation, and photocatalytic disinfection.

( Zhou et al., 2012 ) under a pH of 11 adjusted by ammonia water, the
hydrothermal approach was effectively used to synthesize reduced
graphene oxide (RGO) and fabricate ZnO—-RGO hybrid (ZnO-RGO) with
zinc nitrate hexahydrate and graphene oxide (GO) as raw materials.
Hydrothermal conditions with ammonia provided thermal and chemical
factors to synthesize RGO during the reduction of GO. X-ray diffraction
(XRD), X-ray photoelectron spectroscopy (XPS), scanning and
transmission electron microscopy, and photoluminescence spectra are

also used to describe it.

( Pop et al, 2012 ) the hydrothermal technique was used. The
purpose of this research was to look at the thermal properties of graphene,

such as its specific heat and thermal  conductivity
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(from diffusive to ballistic limits), as well as the impact of substrates,
defects, and other atomic alterations. uccessfully make a reduced-calorie

meal.

( Chen et al., 2013 ) in this study, a ZnO/graphene oxide (ZnO/GO)
composite material was synthesized using an improved two-step
approach, with ZnO nanoparticles thickly coated on GO nanosheets and
studied using IR, XRD, TEM, and UV-vis techniques.

(Ameen et al., 2013) a nanohybrid of zinc oxide (ZnO) and graphene
oxide (GO) was produced by a chemical process and used as a
photocatalyst for the photodegradation of crystal violet (Cv) dye in these
studies. The (Cv) dye is likewise degraded to a considerable degree (by
95%) .

(Zhang et al., 2014 ) a two-fold enhancement method was used in this
work to minimize electronhole recombination and increase photocatalytic
efficiency. First, the effect of adding graphene oxide (GO) on the
photocatalytic activity of ZnO was carefully examined. Also, because of
its high capacity for dye adsorption and charge separation, GO has been
recommended as a way to boost ZnO's photocatalytic activity. Second, Pd
nanoparticles were used to adorn ZnOGO, resulting in ZnOGOPd

nanocomposites that are typically superior photocatalysts .

( Kashinath et al.,, 2015 ) for the first time, success was reported
employing a microwave-assisted hydrothermal technique to synthesize
ZnO-GO nanocomposite using ZnCl, and NaOH as precursors. In this
paper, a microwave aided facile hydrothermal approach was used to
examine the synthesis, interaction, kinetics, and mechanism of hybrid
Zinc Oxide-Graphene Oxide (ZnO-GO) nanocomposite. In addition, the
ZnO-GO nanocomposite improves and performs as a steady photo-
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response degradation performance of Brilliant Yellow under UV light
exposure compared to pure GO and ZnO nanoparticles. Optical
investigations using UV-Vis and Photo Luminescence reveal that the
band gap of nanocomposite has increased, resulting in improved

photodegradation performance.

( Rabieh et al.,, 2016 ) this paper outlines a green approach for
hydrothermally synthesizing hierarchical ZnO-reduced graphene oxide
(ZnO-RGO) nanocomposites as an effective photocatalyst for the
photodegradation of blue B dye. Scanning electron microscopy (SEM),
X-ray diffraction (XRD), energy dispersive spectroscopy (ESD), and
UV-Vis spectroscopy hybridizing with RGO sheets were also used to

evaluate the samples.

( Alshamsi and Ali , 2016 ) a kinetics of the production of reduced
graphene oxide utilizing an aqueous solution of Hibiscus Sabdarriffa L
was explored in this work. Effects of treatment duration, pH, reaction
temperature, and extract concentration were studied as experimental
parameters. The synthesis of pseudo RGO was further aided by a high pH
value, a high reaction temperature, and a large volume of extract. In
addition, the results reveal that synthesized RGO has the superior

conductivity and spectrum response qualities when compared to GO.

( Kashinath et al., 2016 ) the photo deterioration of Brilliant Blue under
UV-Vis light exposure was studied using a zinc oxide-graphene oxide
(ZnO-GO) anocomposite synthesized by a simple, low-temperature wet
chemical technique aided by microwave irradiation. XRD confirms that
the lattice constants and band gap energy of ZnO have changed when
compared to pure nano-sized ZnO particles. The photo degradation of

Brilliant Blue was accomplished under UV-Vis light radiations after the
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graphene oxide sheets were anchored/tailored with ZnO particles. The
findings show that graphene oxide hybridized with ZnO can produce
efficient photocatalytic activity, and that the degree of photocatalytic
activity enhancement is strongly influenced by the bonding of ZnO
nanowires and GO. They also assert that the optical, structural, and
morphology of pure ZnO and ZnO-GO nanostructures should be

Investigated.

( Wu et al, 2016 ) a ternary ZnO/reduced graphene oxide
(rGO)/polyanline (PANI) nanocomposite was produced and employed as
a photocatalyst in this work, including TEM, SEM, X-Ray diffraction,
FTIR, and Raman characterization. When compared to pure ZnO, the
degradation of methyl orange dye photocatalyst demonstrates an
improved photocatalytic performance with a maximum degradation
efficiency of about 100% within 60 minutes under UV light irradiation
(15 percent ). The rGO, which significantly improves the capacity to
transfer photoexcited electrons and the specific surface area of the
material, the PANI, which boosts light absorption and dye adsorption,
and the synergistic impact among ZnO, rGO, and PAN are all credited

with this improvement.

( Kumaresan et al., 2017 ) the hydrothermal technique was used to
make ZnO nanoparticles using zinc chloride and ammonium hydroxide as
raw materials in this study. The structure and crystalline nature of
produced nanoparticles were studied using the X-ray diffraction method.
Reflection is also important. Spectroscopy research indicated that the
optical band gap of ZnO varies somewhat depending on particle size. The
influence of pH of the precursor solution on the generated ZnO
nanoparticles resulted in nanoneedle, hexagonal disk, porous nanorods,

and nanoflower architectures, as seen by field emission scanning electron
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microscopy pictures. The produced ZnO nanoparticles’ photocatalytic
activity was further tested for Rhodamine B (RhB) dye, which

demonstrated 94 percent degradation and high stability over five cycles.

( Giovannetti et al.,, 2017 ) TiO, is one of the most commonly
investigated and used photocatalysts for environmental cleanup,
according to this study. However, due to its 3.2 eV band gap, it is most
active when exposed to UV light, while it has a low efficiency when
exposed to visible light. The integration of carbon nanomaterials, such as
graphene, in order to generate carbon-TiO, composites, is a promising
area for TiO, activation in the visible light region of the whole solar
spectrum. The creation of graphene-based TiO, photocatalysts has
sparked renewed interest in recent years. In addition, the current brief
overview discusses recent improvements in TiO, photocatalyst coupling
with graphene materials, with the goal of expanding TiO,'s light

absorption from UV to visible wavelengths.

( Moorthy et al., 2017 ) the hydrothermal approach was employed to
synthesize the nanocomposite in this study, and the particles were
analyzed using characterisation techniques such as XRD, UV-Vis, FTIR,
FESEM, and TEM. Also, several ways can be used to eliminate organic
and inorganic contaminants, the best of which is photocatalysis activity.
Two of the dyes utilized in this project were Methylene Blue (MB),
Methylene Violet (MV), Methylene Orange (MO), and Bromophenol
Blue (BB). These dyes have high photocatalytic properties, which allow

them to destroy pigments in visible light.

( Zaaba et al., 2017 ) this work was successful in extracting GO from
graphite flakes using a modified hummer's approach, which differs from
the traditional hummer's method. The acetone-GO (A-GO) and ethanol-
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GO (E-GO) were then spin-coated onto silicon wafers and IDE (E-GO).
Several square microns of GO were obtained, according on the SEM
results. Furthermore, because of the big agglomerates and contact
between the flakes in the E-GO sample, the currentvoltage pattern
showed that E-GO created more current flow than A-GO. Meanwhile,
FTIiR analysis of GO reveals that both samples include hydroxyl, epoxy,
carboxyl, and carbonyl functional groups. Furthermore, the interlayer
spacing of A-GO sample is slightly higher than E-GO sample, owing to
the lower diffraction peak of A-GO.

( Raliya et al., 2017 ) under visible light, the degradation of an azo
dye, methyl orange (MO), was evaluated in simulated wastewater with
various oxide nanoparticles acting as photocatalysts. For adsorptive and
photocatalytic removal of the dye, titanium dioxide (TiO,), zinc oxide
(Zn0), and graphene oxide (GO) were produced, characterized, and used.
The ideal conditions for dye removal were determined by varying factors
such as the starting concentration of MO and the size of the nanoparticle
photocatalyst. Finally, photocatalytic performance of nanocomposites

comprising the three components (GO-TiO,—ZnO) was investigated.

( Jayachandiran et al., 2018 ) in this study, the researchers were
successful in preparing ZnO and rGO/ZnO nanocomposite as electrode
materials for supercapacitor applications. The ultrasonic-assisted solution
approach was employed to make the rGO/ZnO nanocomposite, which is a
simple and cost-effective method. XRD, FESEM, TEM, and confocal
Raman are also used to characterize it. The XRD pattern confirmed the
crystal structure of ZnO and the nanocomposite's development.The
generated rGO/ZnO nanocomposite is a superior electrode material for
suparcapacitor application, according to these findings.
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( Ravi et al., 2018 ) in this study, we succeeded in synthesizing a
reduced graphene oxide-based zinc oxide (ZnO/RGQO) nanocomposite
(NC) wusing a simple and environmentally friendly hydrothermal
technique. To explore its structure, morphology, and thermal stability, it
was also analyzed using XRD, FESEM, EDS, TGA, FTIR, and UV-DRS.
The effects of pH, dye concentration, and catalyst dose were also

investigated in order to optimize.

( Shanmugasundaram et al., 2018 ) the hydrothermal technique was
used to prepare hierarchical mesoporous zinc oxide (ZnO) and reduced
graphene oxide-zinc oxide (ZnOrGQO) composites for the degradation of
organic contaminants in natural water resources in this study. The crystal
structure and phase purity of the materials were also studied by powder
x-ray diffraction, micro-Raman, and X-ray photoelectron spectroscopy
investigation. Ultra violet-diffused reflectance and photoluminescence
spectroscopy analyses were also used to study the optical characteristics
of the as-prepared materials. The egradation kinetics of methylene blue
(MB) dye in aqueous solution under normal solar light illumination were

used to assess the photocatalytic activity of the as-prepared materials.

( Shukla et al., 2019 ) the simple production of graphene-supported
palladium (Pd) nanoparticles anchored zinc oxide nanorods (PdZnO/G)
by the sol-gel ethod is described in this paper. The hexagonal wurtzite
crystal structure (with P63mc phase) of Pd-ZnO/G nanorods was further
confirmed by X-ray diffraction (XRD) pattern, which is comparable to
ZnO structure. Graphene-supported Pd nanoparticles anchored on ZnO
nanorods increased the average crystallite size of ZnO nanorods,
according to X-ray diffraction data. The successful attachment of Pd
nanoparticles on the surface of ZnO/G nanorods was disclosed using field

emission scanning electron microscopy (FESEM). The distinct oxidation
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states and surface compositional features of nanorods were obtained
using X-ray spectroscopy (XPS). The presence of palladium, carbon, and
oxygen in the Pd-ZnO/G structure was confirmed using energy dispersive
spectroscopy. After graphene and palladium doping, the optical
absorption shifted towards the low wavelength region for the Pd-ZnO/G

structure and the high wavelength region for the ZnO/G nanostructure.

( Peter et al., 2019 ) the manufacture of visible light-active ZnO
photocatalyst through nitrogen and graphene oxide modification,
followed by its application to the degradation of brilliant clever green
(BG) dye, was a success in this work. X-ray diffraction (XRD), Fourier
transform infrared (FTIR), transmission electron microscopy (TEM),
UV-vis absorption, and diffuse reflectance spectra (UV-vis DRS) are all
used to characterize the material. Modifications to ZnO positive by
extending its light absorption capabilities into the visible area
dramatically increased its photocatalytic activities under visible light,

according to this study.

( Zhang et al., 2019) using zinc oxide (ZnO) as a photocatalyst, graphene
(GO) as a dispersant, and poly (vinylidene fluoride) (PVDF) membrane
as a carrier, create PVDF/GO/ZnO composite membranes with
photocatalytic performance for organic dyes. The addition of GO
increased the dispersibility of ZnO in PVDF membranes due to the
significant hydrophilicity of the carboxyl group, as evidenced by SEM
data. The photocatalytic degradation rate of PVDF/GO/ZnO composite
membranes for methylene blue (MB) may reach 86.84 percent under
Xenon irradiation (300W).

( Di et al, 2019 ) using an in situ synthesis approach for

photodegradation of methylene blue under visible light illumination, a
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new ZnO-GO/CGH composite was synthesized in this study.SEM
techniques are also used to characterize it. Methylene blue dye

degradation has a high clearance efficiency of 99 percent.

( Abbasi et al., 2020) the magnetic ZnO nanocomposite
(GO-Fe304-Zn0) is synthesized utilizing graphene oxide (GO) as a
substrate, and the obtained samples are characterized using XRD and
VSM. The produced nanocomposites contain modified GO with Fe;O,
cubic structure and hexagonal wurtzite structure of ZnO nanoparticles,
according to XRD findings. Based on the results of the VSM. According
to the results of the UV-vis spectrophotometer, all of the generated
materials can absorb UV irradiation and breakdown the MO. At each
concentration and irradiation period, the egradation of (MO) dye utilizing
GO-Fe30,4-Zn0 is greater than that of Fes04-Zn0.

( Sharma et al., 2020 ) in this study, an environmentally friendly and
solar light-responsive graphene oxide wrapped zinc oxide nanohybrid
was made hydrothermally utilizing lemon and honey as chelating and
complexing agents, respectively. During the synthesis of GO and ZnO, an
eterostructure was created by modifying the reaction conditions. The
nanohybrid had remarkable photocatalytic activity for methylene blue

degradation (89 percent ).

(Lin et al., 2020 ) the nanocomposites of ZnO and GO with synergistic
photocatalytic activities were synthesized using a precipitation approach
with GO as the catalyst carrier in this study. X-ray diffraction, X-ray
photoelectron spectroscopy, UV-vis spectroscopy, field emission
scanning electron microscopy, and transmission electron microscopy
were used to characterize the nanocomposites, which also performed

photocatalytic activity. The composites' photodegradation efficiency is
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97.6%, and the first-order photodegradation reaction rate constant is
calculated to be 0.04401 min™.

( Maruthupandy et al., 2020 ) chemical precipitation was used to make
very pure zinc oxide nanoparticles (ZnO NPs) and graphene-zinc oxide
nanocomposites (G-ZnO NCs) in this study. Fourier transfer infrared
spectroscopy, X-ray diffraction spectroscopy, Raman spectroscopy,
scanning electron microscopy, and transmission electron microscopy
(TEM) techniques were used to describe the material. When compared to
other dyes examined, the synthesized NCs were extremely effective at

removing Rh-B.

( Al-Mamun et al., 2021 ) using the sol—gel technique followed by heat
treatment, nanostructured zinc oxide (ZnO) was doped with silver (Ag)
and graphene oxide (GO) nanoparticles to synthesize Ag/GO/ZnO. SEM
and FTIR methods were used to characterize the samples. The enhanced
photodegradation activity of the Ag/GO/ZnO nanocomposite suggests
that it could be used to remediate organic contaminants from textile

effluent.
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1-11 Aims of the present work

1- prepearation of GO by modified hummer method.

2- prepearation of ZnO nanopartical by sol-gel method.

3- Synthesis of GO/ZnO nanocomposite by sonocatalysis method.
4-Study the characteristic of nanocomposite using XRD, SEM, EDX,
FTIR, TGA and BET techniques.

5- Study the photo activity of nanocomposite using orange G dye.
6-Study different parameter such as effect of dye concentration , effect of
mass of catalyst , effect of temperature , H,O, , CH;0OH , PH and light

intensity.
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2. Materials and Methodologies

2.1. Chemical Materials

The chemicals were used as received without any further purification

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

Chemical Supplied company | Purity
NO. | Name of substance
formula %
_ British Drug| 95
1 Graphene Oxide GO
Houses (B.D.H
_ ) ) Indian Production 98
2 Zinc Oxide nanoparticle | ZnO
3 | Graphite powder C British Drug | 99
Houses (B.D.H
4 | Sulfuric acid H,SO, British Drug | 98
Houses (B.D.H
Hydrogen Peroxide Indian Production 30
5 H,0,
6 Orange G dye C16H10N2Na20782 Indian PrOdUCtion 90
7 | Ethanol CH3CH,OH Merck Germany 98
_ _ British Drug| 99
8 Zinc acetate dihydrate ZnC,H¢O,
Houses (B.D.H
_ _ CDH) Central Drag | 97
9 Sodium hydroxide NaOH
House
10 | Hydrochloric acid HCI Sigma -Aldrich 35
11 | Sodium nitrate NaNO; British Drug 98
Houses (B.D.H
12 | Potassium KMnO, British Drug 99
Houses (B.D.H)
Permanganate
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2.2. Instruments Analysis

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

No. | instrument Company Position of
Instrument
Babylon University /
Furnace Size - Tow | Collage of Science
1 Furnace Gallenkamp , South | for women
of Korea /Chemistry
Department
Babylon University /
Collage of Science
_ CLO008 , JANETZI —
2 Centrifuge ] for women
T5, Belgium _
/Chemistry
Department
Babylon University /
Collage of Science
) LDO - 060e , Labphy
3 Dried oven for women
, Korea _
/Chemistry
Department
Babylon University /
Collage of Science
Fourier- SpactralR-2, Perkin | for women
4 Transform Elmer Instrument, | /Chemistry
Infrared USA Department
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Babylon University /

Hotplate LMS-1003, HANNA | Collage of Science
5 Magnetic instruments ,Lapphy | for women
Stirrer England /Chemistry
Department
Babylon University /
Collage of Science
HI 83141 , Hanna,
6 pH meter _ for women
Romania ]
/Chemistry
Department
Energy
dispersive  X- _ Tehran  University,
7 EDX,Zeiss,germany
ray IRAN
spectroscopy
_ Tehran  University,
Scanning _
SEM, Zeiss , | IRAN
8 electron
) Germany
microscopy
Babylon University /
Sensitive Collage of Science
_ 3003- Denver
9 electronic _ for women
Instrument , Germany _
balance /Chemistry
Department

10 | Ultrasonic path

405 power sonic

Hwashin , korea

Babylon University /

Collage of Science
for women
/Chemistry

Department
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1 Surface  area | NanoSORD , | Tehran  University,
analyzer (BET) | Haskarsazan ,Iran IRAN
- Babylon University /
UV-visible )
o Collage of Science
spectrophotom | UV~ mimi-1240
12 ) for women
eter shimadzu , Japan _
. /Chemistry
Single beam
Department
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2 .3. Photocatalytic Reactor Set up
Figure.( 2-1) shows the photocatalytic degradation system has been used

to carry out all experiments.

] Solar lamp

Photoreactor & —

eaf— Air pump

Hotplate _—

Fig.(2-1 ) : Optical photo for main parts of the Photocatalytic

degradation system .
2- 4 Methodologies

2— 4-1 Photocatalytic degradation experiment:

The photocatalytic degradation experiment was carried out with the
use of a photocatalytic reactor system, which included all of the major
components illustrated in Figure.( 2-1). The photocatalytic activity of the
produced GO/ZnO nanocomposite was studied using dye. Under solar
light, photocatalytic degradation of dye in aqueous solution was
completed using GO/ZnO composites as photo catalyst. There are two
pieces to a photo reactor. The first was employed to cool the suspension
solution with the help of the cooling water that passed through it. The
second component contains a suspension solution with a capacity of
(100 mL) for degrading the dye. Using distilled water, a (100mg/L) stock

solution of dye solutions was created. Stirring produced a suspension
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solution combination for concentrating dye. By adding (0.15 g) of
GO/ZnO nanocomposite to (100 mL) of dye and stirring, a suspension
mixture was created. A benchtop solar light source was used to irradiate
the respective suspension solution mixture. Every 10 minutes, about
2-3 mL of sample was taken with a syringe and centrifuged at 3000 rpm
for 10 minutes, after which the dye absorbance was measured with a

UV-Vis spectrophotometer.

2-4-2 Preparation of graphene oxide (GO) by modified hummer
method

In an Erlenmeyer flask, mix (115 mL) of sulfuric acid (H,SO,),
(2.5 g) of sodium nitrate (NaNO3), and (5 g) of graphite powder well for
(30 min) in an ice bath at (0 'C). Then slowly add (15 g) of potassium
permanganate (KMnQO,) to the mix and stir for (15 minutes), until the
color changes from violet to dark green. Then, for (30 minutes), heat the
mixture to (35 'C) while stirring. Slowly pour (230mL) of distilled water
into the mixture  (it's potentially explosive). The color of the mixture
turns nutty brown after (15 minutes) in a (98 'C) . Finally, to finish the
process, add (400 mL) of distilled water, followed by (50 mL) of
hydrogen peroxide (H,O,). Filter the solution and wash the precipitate
seven times with hydrochloric acid (1:10), followed by washing with
distilled water. The precipitate was then dried at (80 C) in an oven
(Kashinath et al., 2016 ) .
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2— 4-3  Preparation of zinc oxide (ZnO) nanopartical by sol-gel
method

To prepare zinc oxide, dissolv (2.24 g) of zinc acetate solution in
(20 mL) of distilled water for (15 minutes) using a stirrer.And (1.15 g ) of
NaOH is dissolved in (20 mL) of distilled water for (15 minutes) using a
stirrer.The drops of NaOH solution were added to the Znic acetate
solution during stirring, resulting in a milky dye. Without stirring, the
mixture was heated for (3 hours) at (80 C). Centrifuge after cooling,
washing with distilled water and ethanol overnight and drying at( 60 “C).
Finally, at a temperature of (400 'C) the remains are incinerated in a

furnace (Hasnidawani et al., 2016 ).

2— 44  Preparation of GO/ZnO nanocomposites by sonocatalysis

method

(3g) of graphene oxide (GO) in (150 mL) of distilled water and (0.75 q)
of zinc oxide (ZnO) in (50 mL) of distilled water separately and put in an
ultrasonic bath for (30 min). The GO and ZnO solutions were mixed in an
ultrasonic bath for (45 minutes). Transfer the mixture to a magnetic stirrer
for (60 minutes), then place in a dry oven at (60 C) overnight
(Ahmad et al., 2014).
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3 g graphene oxide (GO) 0.75 2 of £n0O dissolved
dissolved in 1530 mL distilled in S0 ml distilled water
separately is placed
in ultrasonic bath

Mix a solution of graphene oxide
(GO) with zinc oxide{ Zn(0)

Ultrasound bath

Placed on a magnetic stirrer

Fig.(2-2): Synthesis scheme of GO/ZnO nanocomposites using

sonocatalysis process.
2-5 Characterizations of prepared GO/ZnO nanocomposite

Several techniques were used to characterize the synthesized
GO/ZnO nanocomposite, including X-ray diffraction (XRD), scanning
electron microscope (SEM), Brunauer—-Emmett—Teller (BET), Fourier
transform infrared spectroscopy (FTIR), thermo gravimetric Analysis
(TGA) , Energy dispersive X-ray spectroscopy (EDX) .

2- 5-1 X-rays Diffraction Patterns (XRD)

An X-ray diffractometer was used to investigate the crystalline

quality of the ZnO, GO and GO/ZnO nanocomposite, particle size, phase
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composition, and average spacing layers/rows of atoms. The study was
performed with a Shimadzu XRD6000. With 45 Cu K radiation
(A =1.54056 A") at 40kV, 30mA, 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 describes the length of
the reflected X-wave beam (1), the spacing between the atomic planes
(d), and the angle of diffraction (0) as follows:

ni = 2d sin0 (2-1)

Using Scherer's equation and the full width at half maximum (FWHM) of
the strong peak, the size of the synthesized GO/ZnO nanocomposite

crystallite was determined:

_ kA
- BcosO

(2-2)

D is the usual crystal size, while k is a nearunity form factor. The value
for homogeneous shape is 0.94, whereas the value for heterogeneous
shape is 0.89. =0.154 nm is the X-ray wavelength of (Cuk), and is the
whole width at half-maximum intensity of the diffraction peaks (FWHM).
(Meva etal., 2019) ( Farghali etal., 2016 ).

2.5.2 Scanning Electron Microscope (SEM) :

The scanning electron microscopy examination was carried out on a
ZESS EVO-50 SEM machine. By depositing a little amount of the sample
on the grid, removing excess material using blotting paper, and drying the
film on the SEM grid under a mercury lamp for 5 minutes, thin films of
the sample were formed on a carbon coated tape. SEM analysis was used
to determine the structure of the reaction products that were generated
( Mishra et al.,, 2015 ).
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2-5-3 Brunauer-Emmett-Teller (BET)

The surface area of GO/ZnO nanocomposites was determined using
BET surface area analysis. was investigated by using nitrogen adsorption-
desorption isotherm ( Oppong et al., 2021).

2.5.4 Fourier Transform Infrared Spectroscopy (FTIR)

The functional groups on ZnO, GO and GO/ZnO was determined
using a Jasco FTIR-460 plus spectrophotometer and Fourier Transform
Infrared spectroscopy (FT-IR) in the wave number range of
(4000-400 cm™). KBr wafers are wafers constructed of KBr
(Kumar et al., 2022).

2-5-5 Thermo Gravimetric Analysis (TGA)

Analysis is a destructive analytical technique that analyzes the
contents of a sample wusing 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 or temperature gradient applied to the sample
(Kong et al., 2021 ).

2-5-6 Energy Dispersive X-ray spectroscopy (EDX)

The produced sample (GO/ ZnO) were analyzed using energy
dispersive  spectroscopy (EDX) to  verify  chemical
compositions.EDX is a semiquantitative, micro-chemical analysis
technique that is commonly used for determining the composition

of various structures ( Anjum etal., 2021 ).
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2-6  Adsorption activity of the synthesized GO/ZnO

nanocomposite.

Several studies were conducted to test the adsorption capabilities of
the generated GO/ZnO nanocomposite, including the removal of dyes
from their aqueous solutions by adsorption on the surface of the created
GO/Zn0O nanocomposite. The influence of solution pH, temperature, light
intensity, H,O,, CH;OH, mass catalyst, and concentration on the
adsorption process was examined
Equation (2- 4) was used to calculate the percentage of degradation,
where Ay is the initial dye concentration and Ay is the dye concentration

after treatment ( Gharagozlou et al., 2018).

PDE % = (A¢—A¢) /A, x 100 (2-3)

2-7 Parameters effecting on photocatalytic degradation

process

2-7-1 . Effect of the mass of GO/ZnO on the photocatalytic

degradation of orange -G dye

GO/Zn0O concentrations of ( 0.01, 0.03, 0.06,0.15, and 0.7 g/100mL)
were used to investigate the effects of different catalyst concentrations. In
all studies, the orange G dye concentration was (10 mg/L), (pH=8.7),
temperature ( 25 C) . The results of photocatalytic degradation of orange
G dye with a catalyst dose of (0.0 1g/100mL) in the presence of a UVC
lamp and sunlight after (80 minutes). The results show that the
photocatalytic activity of orange G dye was lowest when the catalyst
concentration was (0.01 g/100mL) ( Krishnan et al., 2020 ).
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2-7-2 . Effect of the Initial Concentration substrate on photocatalytic

degradation process using constant mass of coupled of GO/ZnO .

Various studies were carried out with varying initial substrate
concentrations of orange G (10, 20, 30, 40, and 50) mg/L and a constant
mass of (0.15 ¢/100mL) of GO/ZnO nanocomposites , (pH=8.7)
Ltemperature(25 C).A 125-watt tungsten lamp is used in the photocatalytic
degradation process ( Chiuetal., 2019 ) (Oun etal., 2017).

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

GO/ZnO nanocomposites

The effect of pH on dye degradation is influenced by a number of
factors. The ionization state of the surface, catalyst particle size, dye type
and amount of substrate adsorption on the catalyst surface are all factors
to consider. The degradation reactions were carried out at pH levels of
(3.7, 5.6, 8.7, and 10.3) respectively using HCI and NaOH (0.1M) and a
constant mass of (0.15 g/100mL) of GO/ZnO nanocomposites,
temperature (25°C) and orange G dye concentration was (10 mg/L)
(Hayat etal., 2011) .

2-7-4 Effect of light intensity on the photocatalytic degradation

process using GO/ZnO nanocomposites

At a constant concentration of (10 mg/L) of aqueous solution of
orange G dye and a constant weight of (0.15 g/100mL) of the GO/ZnO
catalyst, (pH=8.7) ,temperature (25°C) ,several experiments were carried
out with varying light intensities (1, 3, 5, 7 and 9 mW/cm?)
( Samsudin et al., 2015) .
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2-7-5 . Effect of the H,O, on the photocatalytic degradation of
orange -G dye

A series of studies were carried out in the ranges
(0.3,1.5,3,3.9,4.5 % (v/v)) to study the influence of H,O, on dye removal
efficiency over nanocomposites at a constant concentration of (10 mg/L)
of aqueous solution of orange G dye and a constant weight of
(0.15 g/100mL) of the GO/ZnO catalyst , (pH=8.7) ,temperature(25 C)
( Gholami etal ., 2016 ) ( Danyliuk et al., 2020 ).

2-7-6 . Effect of the CHs;OH on the photocatalytic degradation of
orange -G dye

At a constant concentration of (10 mg/L) of aqueous solution of
orange G dye and a constant weight of (0.15 g/100mL) of the GO/ZnO
catalyst, (pH=8.7) ,temperature (25 C) ,a series of studies were carried out
intheranges (3,7,11,17,21 % (v/v)) to investigate the influence of
CH;OH on dye removal efficiency over nanocomposites
( Salhi et al., 2019).

2-7-7 . Effect of temperature on the photocatalytic degradation

process using GO/ZnO nanocomposites

At a constant concentration of (10 mg/L) of aqueous solution of
orange G dye and a constant weight of (0.15 g/100mL) of the GO/ZnO
catalyst, (pH=8.7) and adjust the temperature of the photocatalytic
reaction system from (285, 298, 303, 311) K to see how it affects the
photocatalytic performance of the samples when exposed to visible light
(Mohammad et al., 2016 ).
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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(2-4) which is expressed as

dc B ke K,C

| 1 -
dt  (1+k,C)

2-9)

Where :

R : Rate of reaction, k; : Rate constant ( min™) , K, : Langmuir adsorption
constant,, C . Concentration (mg/L), t : Time ( min)

The Langmuir—Hinshelwood equation can be modified as :

W S | 2-5)

2-9 Thermodynamic Parameters:

2-9-1 Determination the activation energy:

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

- /RT
A (2-6)
InK=InA- E; (2-7)
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The equation establishes a link between reaction rate and temperature.
The rate constant is denoted by k. The frequency factor is denoted by the
letter A. The reaction's Activation Energy is Ea. The gas constant is R
(8.314 J mol™ K™), and The absolute temperature in k is denoted by the
letter T (Mohsin et al., 2013)( Kzar etal., 2019) .

2-9-2 Determination enthalpy of activation and entropy of activation
From the plot of the Erying equation , the values of A H and AS can be

computed as follows:

AH Ky AS
= . = + In( = + = ) (2-8)

where, Kg=Boltzmann’s constant [1.381x10%°J/K] , T= absolute
temperature in degrees Kelvin (K), h=Plank constant [6.626x107* J-s], k

the rate constant, AH and AS the enthalpy and entropy of activation
respectively. ( Olajire et al ., 2014 ).

2-9-3 Determination Free energy of activation

The Gibbs' free energy AG may computed using the following
formula ( Fu etal., 2015 ).
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AG = AH - TAS (2-9)

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
orange G dye using GO/ZnO nanocomposite.To ensure the reaction order
we tested both pseudo-first- and pseudo-second-order Kinetics. The
integrated forms of the pseudo-first- and pseudo-second-order models are

according to Eq. (2-11) and Eq. (2-12), respectively

Ao

In ) = klt First order (2-10)
L — 1 + k.t Second order
T (2-11)

where Ay is the initial Absorbance, A; is the Absorbance after time t, the
pseudo first order kinetics degradation rate constant and was measured
using the slope of linear plots ( In(A¢/A;) versus t) (Kumar et al ., 2021)
( Neto etal., 2021).
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Chapter Three Results and Discussion

3- Results and Discussion

3-1 Characterization GO/ZnO nanocomposite

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

X-ray diffraction technique was used to study crystallinity of
synthesized ZnO nanoparticles as a catalyst, and measure the particles
size of the synthesized catalyst. XRD analyses of the prepared
nanocomposite were carried out using XRD6000, Shimadzu, Japan. The
measuring parameters were set with 45 Cu Ko radiation (A =1.54056 A)
at 40kV,30mA with a rate of 5deg / min and ran at the 20 range
(3- 90°). The average crystallite sizes of synthesized ZnO nanoparticles
were measured according to the Scherer equation. The calculated value
Is 28.65 nm . The X-Ray diffraction patterns of zinc oxide are observed
in Table (3-1) and Figure. (3-1) , zinc oxide could be indexed to the
hexagonal (Ref. Pattern: zinc oxide ,N0.98-002-9272),The diffraction
peaks at (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 (010,002,011,012,110,013,112,021,023) respectively. As shown in
Figure.(3-1),the distinguishing peaks of synthesized ZnO nanoparticles
were detected at 20 [32.09 °,32.73 °,34.99 °,36.61 °,38.06 °,48.09 °,54.39
°,56.99 °,63.61 °,66.83 °,68.45 °,69.75 °,73.47 °,77.51 ° and 82.51°,
respectively], which are corresponding to the crystallographic planes
( Rajput et al ., 2021 ) (Irshad et al., 2018) ( Maddu et al ., 2021 ).
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Table(3-1): Average crystal size(nm) of ZnO nanoparticles,

2 Theta /deg, FWHM /deg and I/1,.

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

36.5619 | 0.30090 |100 2.45571

Zinc oxide 28.65
34.8987 |0.24670 |34 2.56884

32.0141 |0.28800 |25 2.79342
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Fig. (3-1) : XRD patterns of ZnO nanoparticles.
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3-1-2

X-Ray Diffraction analysis for Graphene oxide

X-ray diffraction technique was used to study the crystallinity of the

Graphene oxide, measure the particles size of the synthesized catalyst. All

the measurement was performed using XRD6000, Shimadzu, Japan. The

measuring parameters were set with 45 Cu Ko radiation (A = 1.54056 A)
at 40kV, 30mA with a rate of 5deg / min and ran at the 26 range (3- 90°).
The Graphene oxide show diffraction peaks at ( 25.45 ° , 45.7 ° )
( Ageel et al.,, 2019) ( Kathiresan et al., 2021 ) . As shown in Table
(3-2) and Figure. (3-2).

Table(3-2):Average crystal size(nm) of GO nanocomposite, 2 Theta
/deg, FWHM /deg and I/1,.

Compound |2 Theta| FWHM |1/, Interplanar | Average
/deg /deg distance (d) | Particle
Size/nm
255001 |1.35000 |100 3.49029
Graphene 23.6537 | 0.00000 |85 3.75839 8.41
oxide 24.6517 | 0.00000 |67 3.60845
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Fig. (3-2) : XRD patterns of Graphene oxide

3-1-3 X-Ray Diffraction analysis for GO/ZnO nanocomposite.

X-ray diffraction technique was used to study the crystallinity of the
GO/ZnO nanocomposite as a catalyst, measure the particles size of the
synthesized catalyst. All the measurement was performed using
XRD6000, Shimadzu, Japan. The measuring parameters were set with 45
Cu Ko radiation (A = 1.54056 A) at 40kV, 30mA with a rate of
5deg / min and ran at the 20 range (3-90°). The GO/ZnO nanocomposite
show diffraction peaks at ( 25.25 °,32°,35.9°,37.05°,45.65°,484 ",
58.95°,6295°,68.15° and 69.25 ° ) (Munawaroh et al ., 2018 )
(Mahdavi etal ., 2021 ). As clear in Table (3-3) and Figure. (3-3).
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Table(3-3): Average crystal size(nm) of GO/ZnO nanocomposite
2 Theta /deg, FWHM /deg and I/1,.

Compound 2 Theta | FWHM/deg | I/, | Interplanar | Average
/deg distance (d) | Particle
Size/nm
36.4029 | 0.37150 100 | 2.46607
GO/ZnO 31.9255 |0.37160 60 2.80097 23.769
nanocomposite | 34.5752 | 0.29670 53 2.59213
7’ N
3
“ —
= ZnO
-
&
E o it N GO
i GO/Zn0O
0 20 30 40 50 60 70 8 90
206(D
L (Degree) r

Fig . (3-3) : XRD patterns of GO/ZnO nanocomposite.
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3-1-4 Determination the chemical functional groups

Investigate the unknown materials to limiting there identify; it gives
good information about the functional group presence in the synthesized
nanocomponent.All the information about the component can be
determine by passing infrared radiation through a nanocomposite sample.
The nanocomposite absorbs the infrared radiation and some of it is
transmitted. The catalysts were characterized using the SpactralR?,
Perkin Elmer Instrument, USA, at a scanning range of
(400 -4000 cm™)The FT-IR spectra was performed to determine the
functional groups present in the synthesized zinc oxide
(Imran et al., 2020) , synthesized Graphene oxide and the synthesized

GO/Zn0O nanocomposite respectively.

3-1-4-1- Fourier- Transform Infrared Spectroscopy synthesized Zinc
Oxide :

As shown in the Figure.(3-4) FTIR spectra of synthesized zinc oxide
consists of the peaks at
(444.02,498.75,546.84,607.37,825.45,88018,1029.43,1111.52,1172.86,13
76.88,1430.76,2370.23,2921.64,3350 cm™ ) . The absorption peak was
appear at 3333 cm * represent to the stretching vibrations of the (OH )
groups. The band located at 2895 cm™" represent ( CO, ) groups. The
peak at 14340 cm™ can be attributed to the ( - C-H ) bond . The band
located ( C-OH) at 1034 cm™ , band located (C-C) at 622 cm™
and band located ( Zn-O ) at 501 cm™* ( Margaret et al ., 2021 )
( Resmi etal., 2021).
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Fig . (3-4) : FTIR patterns of synthesized Zinc Oxide .

3-1-4-2- Fourier- Transform Infrared Spectroscopy synthesized

Graphene oxide:

Fourier- Transform Infrared Spectroscopy was used for examined the
functional group of the synthesized Graphene oxide. As shown in
Figure.(3-5)  the  spectrum  consists of the peaks at
(471.39,532.75,825.45,1016.16,1124.79,2349.50,2363.59,2847,2921.64,3
445.68 cm™). The typical peaks of the oxygen-containing functional
groups emerge in the IR spectra of GO at 1650 cm™ (C=0), 1137 c¢cm™ of
(C-OH) and 612 cm™ of ( C-O-C) groupe , respectively. and 1632
cm™  due to aromatic ( C=C) vibrations . The band located ( C-H ) at
3114cm™ and band located (OH ) groups at 3445 cm ™, show that GO
has changed structurally. ( Alam et al., 2017) ( Durmus et al., 2019)
( Al-Rawashdeh et al., 2020 ) .

54



Chapter Three Results and Discussion

l—— Graphine oxide

B
&
@
Q
c
©
et
=
£
2]
c
8
=

2500 2000 1500 1000 500
Wavenumber(cm)

Fig. (3-5) : FTIR patterns synthesized Graphene oxide

3-1-4-3- Fourier- Transform Infrared Spectroscopy synthesized

GO/ZnO nanocomposite .

For the GO/ZnO nanocomposite consists of the peaks at

(471.39,532.75,825.45,1016.16,1124.79,2349.50,2363.59,2847,2921.64,3
44568 cm™ ).

The absorption peak was appear at 3407 cm™" represent to the stretching
vibrations of the (OH) groups. The band located at 2922 cm™ represent
(CO,) groups. The band located at 1582 cm™ represent (C=0)
symmetric groups .The peak at 1049 cm™  can be attributed to the
(C-O)bond and 1414 cm™ (C=C) ). The band located ( C-O-C ) at
680 cm* and 485.48 cm™ of Zn-O. ( Mohamed et al., 2019 )
Allresults are in Figure. (3-6) .
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Fig. (3-6) : FTIR GO/ZnO nanocomposite.

3-1-5-  Scanning Electron Microscopy (SEM) for synthesized
GO/ZnO nanocomposites .

Scanning Electron Microscopy techniques was used to study the
morphology of GO/ZnO nanocomposites in order to obtained useful
information about the structure of the synthesized GO/ZnO
nanocomposite by using SEM, Zeiss , Germany. SEM images, Gaussian
and histogram of GO/ZnO nanocomposites 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 ( 40-60nm) ,and the
grain size equal (48.75 nm) from Gaussian (Chen et al., 2020)
(Ainali et al., 2021).
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Fig . (3-7) : SEM pattern of GO/ZnO nanocomposite.

3-1-6  Energy Dispersive X-ray spectroscopy (EDX) of GO/ZnO
nanocomposites:

Energy dispersive x-ray spectroscopy (EDX) analysis was carried out to
determine the composition of the prepared GO/ZnO nanocomposite. The
EDX spectrum in Fig.(3-8) indicates that the particles in the synthesized
GO/ZnOnanocomposite consisting of (C, O, and Zn) elements confirming
successfully prepared of nanocomposite. The atomic percentage of O is
(14.3%) , C is (43.20) and Zn is (4250 %) , respectively.
(Azimetal., 2018 ) (Yaqoob etal., 2021)
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Fig. (3-8) : EDX spectrum of GO/ZnO nanocomposites .

3-1-7 Brunauer-Emmett-Teller ( BET ) Surface Area of the
prepared GO/ZnO nanocomposite:

Brunauer—Emmett—Teller method was used for determine the surface
area of a prepared GO/ZnO nanocomposite, was investigated by using
nitrogen adsorption-desorption isotherm , as shown in Figure. (3-10).
From the results a specific surface area and pore volume were obtained as
(220.23  m? /g) and (0.111 cm® /g), respectively. As found in the
literature the specific surface area of the commercial ZnO catalyst has
been calculated as (644 m? /g).Thus synthesized GO/ZnO
nanocomposite with larger surface area may provide active sites for

photocatalytic degradation of pollutants ( Sun et al., 2020 ).
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Fig.( 3-9) : a- Nitrogen adsorption-desorption isotherm of prepared
GO/ZnOnanocomposite , b- Pore size distribution curves of

nanostructured catalysts .

3-1-8 Thermo Gravimetric Analysis (TGA) for GO/ZnO

nanocomposite :

TGA is an analytical technique was used to determine the temperature
decomposition of metal precursors using the NETZSCH STA 2500
TGADTA setup, which operates at room temperatures up to (800 C)
(Nayl et al., 2019 ). Thermal properties of GO/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 cm® min™). As clear
in the Figure.( 3-11) , a major weight loss (3.300 mg) was observed in the
range (250 — 580 C ), this weigh loss was about (65.609 %) for GO/ZnO
nanocomposite is contributed by destruction of the carbon dioxide, or the
removal of impurities, and unreacted monomers of omposite
( Badvi etal., 2021).
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;(;A GO / ZnO nanocopmposite
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Fig.(3-10): Thermogravimetric  analysis (TGA) of GO/ZnO

nanocomposite .
3-2 Photocatalytic degradation of orange G dye
3-2-1  Preliminary experiments

Many experiments were performed to reach the optimum conditions of
the photocatalytic degradation processes. The first reaction has been done
using (10mg/L) of orange G dye with the addition of (0.15 g/100mL) of
GO/Zn0O nanocomposite under solar lamp and(10ml/min) flow rate of air
at room temperature (25 C) and (pH=8.7) ( photocatalytic process). The
second reaction has been carried out using (10mg/L) of dye in the dark
using (0.15 g/100mL) of GO/ZnO nanocomposite and (10ml/min) flow
rate of air at room temperature (25°C) and (pH=8.7) ( adsorption). The
third reaction was performed using the same solution but without addition
of GO/ZnO nanocomposite under solar lamp( photolysis). The results are
plotted Figure. (3-11) .The experiments showed in the presence of solar
irradiation wihout addtion GO/ZnO nanocomposite, the degradation of
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orange G dye by (16.18%) . The addition of catalysts to suspension
aqueous solution , without solar irradiation, decreases the pollutant
degradation of orange G dye. However, the efficiency was (32.94 %)
when employed GO/ZnO alone (adsorption process)
(Abdel-Khalek etal ., 2018 ) . Furthermore, presence of GO/ZnO
nanocomposite with solar lamp enhanced photocatalytic degradation of
orange G dye, the photocatalytic degradation efficiency was estimated by
examining the photo degradation of orange G dyeand was compared to
90.69% ( Nenavathu etal., 2018 ).

100 = 90.69
80 ~
X 60 -
Ll
E 40 - 32.94
20 - 16.18
0 -
Photocatalytic = Adsorption Photolysis
Type of process

Fig.( 3-11) : The variation of PDE% of orange G dye with type of

process .
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3-2-2  Effect of different process on the photo-catalytic-degradation

for orange G dye.

photocatalytic degradation of different types of pollutants such as
organic dyes is reactions occurs on the surface of the semiconductors
( TiIO,, Zn0O, and many prepared nanocomposite) , The parameter that
will affect the surface properties of semiconductors will have an impact
on the photocatalytic degradation efficiency. In this part reviews different
kind of parameters that was reported to affect the photocatalytic
degradation efficiency of dyes ( Niu et al ., 2020 ) (Rashid et al., 2016 ).

3-2-2-1  Effect of the mass of GO/ZnO nanocomposite on photo
catalytic degradation of the orange G dye

The effect of mass of GO/ZnO nanocomposite on Photocatalytic
degradation of orange G dye, was studied using (10 mg/L) of dye, flow
rate of air (10mL/min), temperature (25°C) and (pH=8.7). When the
masses of GO/ZnO nanocomposite increases until reach to the mass
(0.15g9/100mL) photo catalytic degradation of orange G dye, gradually
increases, then gradually decreases. When the mass of GO/ZnO
nanocomposite (0.15g /100mL) the semiconductor can be provide the
highest absorpption of light. The decrease in the efficiency of photo
degradation process at the masses of GO/ZnO nanocomposite higher
than (0.15 g/100 mL) due to the light absorption will be limited only to
the first layers of orange G dye and the other layers of solution do not
receive photons.Moreover light scattering at high GO/ZnO
nanocomposite loading , this lead to decrease the photon intensity,
therefor the strong absorption of light through the first successive layers
of solution and prevent light from passing through all other layers in the
reaction vessel . Table (3-4) and Figure.( 3-12).Many workers studied

this effect , At the loading mass of GO/ZnO nanocomposite below the
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optimum value (0.15 g/100 mL) the rate of photo degradation of orange
G dyealso decrease due to the quantity of mass of GO/ZnO
nanocomposite decrease that mean the surface area decrease which lead
to decrease of light absorption of light by GO/ZnO nanocomposite which
cause lower photo degradation rate of orange G ( Alshehri et al., 2020 )
(Jamil etal., 2020 ).

Table (3-4):The chang in AJ/A, with irradiation time on different

masses of GO/ZnO nanocomposite .

Catalyst mass of | 0.01 0.03 0.06 0.15 0.7

(GO/ ZnO) g/100mi

Irradiation At/A0

Time/min
0 1 1 1 1 1
10 0.86 0.82 0.74 0.58 0.96
20 0.69 0.61 0.51 0.32 0.89
30 0.57 0.47 0.32 0.12 0.81
40 0.44 0.35 0.19 0.07 0.76
50 0.34 0.26 0.14 0.05 0.72
60 0.30 0.23 0.12 0.04 0.67
70 0.27 0.20 0.10 0.04 0.65
80 0.25 0.17 0.07 0.03 0.63
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0.9 —@—0.03g/ 100 mL
8:3 0.06 g / 100 mL
g 06 —>=0.15 g /100 mL
~. 0.5 = ==0.70 g / 100 mL
< 0.4 -
03 -
0.2 -
0.1 -
0 T T 3
0 20 40 60 80
Time / min

Fig.(3-12) : Variation in ( A¢/ Ay ) with irradiation time at (10 mg/L)
of the prepared dye.

©0.01g/100 mL
0.03 g/100 mL
0.06 g/ 100 mL
%X0.15g /100 mL
X 0.70 g/ 100 mL

0 10 20 30 40
Time / min

Fig.(3-13) : Chang in Ln (A, / Ay through irradiation-time at
different of the mass of GO/ZnO nanocomposite using UV

radiation .
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Fig. (3-14) : Photocatalytic degradation efficiency using (10mg/L) of

orange G against mass of GO/ ZnO nanocomposite .

3-2-2-2 Effect of orange G dye initial concentration on the
photocatalytic degradation process

The effect of orange G dye concentration solution in the photocatalytic
degradation processes in the range (10-50 mg/L) was tested by keeping
all the other experimental conditions constant at temperature (25°C),
flow rate of air (10mL/min), (pH=8.7) and mass of GO/ZnO
(0.159/100mL).The  results are plotted in Table(3-5) and
Figure.(3-15).These result indicate the rate of Photocatalytic degradation
reduced with the increasing of initial dye concentration . As initial
orange G dye concentration decreases, the path length of the photon
entering the solution increase so the number of photons reaching to
catalyst surface increase and hence rate of formation hydroxyl radicals
and super oxide ions are increases thereby increasing rate of degradation
(ALjeboree etal., 2019 ) (Mondol et al., 2021).
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Table (3-5): chang of AJ/A, through irradiation-time on different-

concentration for orange G dye .

Concentration | 10 20 30 40 50

of orange G

dye ( mg/L)

Iradiation AdA

Time min
0 1 1 1 1 1
10 0.73 0.84 0.92 0.97 0.99
20 0.49 0.69 0.80 0.88 0.95
30 0.31 0.50 0.72 0.81 0.90
40 0.20 0.31 0.57 0.74 0.84
50 0.12 0.21 0.46 0.65 0.74
60 0.05 0.18 0.36 0.53 0.63
70 0.04 0.16 0.27 0.48 0.58
80 0.03 0.13 0.27 0.47 0.57
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Fig. (3-15) : Variation in ( A¢/ Ag )with irradiation time at different

concentrations of dye

Langmuir—Hinshelwood rate expression has been successfully used for
heterogeneous photocatalytic degradation to determine the relationship
between the initial degradation rate and the initial concentration of the
organicsubstrate. The Langmuir—Hinshelwood model is expressed
as Eq. (2-4)and ( 2-5).
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Fig.(3-16): Linear variation of In(Ao /A;) versus time for the
photocatalytic degradation of orange G dye at different initial

concentrations.

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

degradation process.

68



Chapter Three Results and Discussion

100.00 - 96.79
86.76
80.00 +
73.45
° -
E 60.00 53.48
E 40.00 42.56
20.00 +
0.00
10ppm 20ppm 30ppm 40ppm 50ppm
Initial concentration of Orange -G -dye
Fig. (3-17) X Photocatalytic degradation efficiency using

0.15 g / 100 mL GO/ ZnO  nanocomposite against different

concentration of orange G dye.

3-2-2-3 The effect of light intensity on photodegradation of orange G
dye using GO/ZnO nanocomposite

Different experiments were accomplished for studding the influence
of light intensity on photocatalytic degradation of orange G dyein range
(1 — 9 mW/cm?) .By conservation other experimental conditions apply
constant at initial Orange G dye concentration of (10 mg/L), prepared
GO/ZnO catalyst dosage was (0.15 g /100mL) , (10 mL/min) flow rate of
an air bubble at temperature (25 C), (pH=8.7).The results in Table(3-6)
and Figure.(3-18) show that the degradation process of dye progressively
increased with increase in the light intensity (Ebrahimi et al., 2020)
( Siong et al., 2019 ). This may be attributed to the increased photons
formation required for the electron transfer from the valence band to the

conduction band of catalyst.
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Table(3-6):The change of AJ/A, through irradiation-time on
different light intensity.

Light-intensity /|1 3 5 7 9

m W/cm?

Iradiation Time AdA
min
0 1 1 1 1 1
10 0.69 0.81 0.88 0.92 0.94
20 0.46 0.65 0.76 0.81 0.92
30 0.33 0.52 0.65 0.70 0.77
40 0.17 0.39 0.52 0.58 0.67
50 0.08 0.26 0.41 0.49 0.59
60 0.06 0.17 0.35 0.40 0.51
70 0.04 0.11 0.29 0.36 0.40
80 0.02 0.09 0.24 0.28 0.33
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Fig. ( 3-18) : Variation in ( A;/ Ag )with irradiation time at different
light intensity.

3-2-2-4 Effect of pH on photocatalytic degradation of orange G
dye:

A set of works was performed to investigate the effect of initial pH
of suspension solution on the ability photocatalytic degradation of orange
G dyeover (0.15 g /100mL) of GO/ZnO nanocomposite ,(10mg/L) of
orange G dye concentration, (10 mL/min) flow rate of an air bubble at
temperature (25°C). The practical experiments was carried out under pH
solution (3.76 , 5.62 , 8.74 and 10.32). As shown in the Table (3-7) and
Figure.(3-19) the optimum value of degradation orange G dye, was
determined at (pH=8.74).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 ). While at higher pH function in the
basic medium increase the attractive force between molecular dye and
catalyst surface and hence increase photocatalytic degradation

efficiency(Kurniawan et al ., 2020 ).
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Table (3-7): chang for AJ/A, through irradiation-time on diffrent

pH value .
Initial-pH solution 3.76 5.62 8.74 10.32
Iradiation Time /min AdA,

0 1 1 1 1
10 0.98 0.98 0.97 0.98
20 0.97 0.97 0.92 0.95
30 0.95 0.94 0.87 0.91
40 0.95 0.93 0.86 0.89
50 0.94 0.91 0.80 0.83
60 0.94 0.90 0.71 0.76
70 0.92 0.87 0.68 0.71
80 0.92 0.85 0.66 0.65
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Fig.(3-19) : Variation in ( A¢/ A )with irradiation time at different
initial pH solution .
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Fig.(3-20) : Chang in Ln (A, / Ay through irradiation-time at
different pH using UV radiation, initial orange G dye .
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Fig. (3-21) : Effect of pH on photo degradation rate constants
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Fig.( 3-22) X Photocatalytic degradation efficiency using
(0.15g / 100 mL) GO/ZnO nanocomposite and (10 mg/L) of orange G
dye for different initial pH.
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3.2.2.5 : Effect of the hydrogen Peroxide

Deferent experiments were performed to study the effect of the initial
hydrogen peroxide concentration range (0.3 ,1.5, 3.0, 3.9 and 4.5 %) on
the photocatalytic degradation of dye by GO/ZnO naocomposite was
investigated at initial (pH 8.74), catalyst dosage (0.15 ¢g/100 mL), and
initial concentration of orange G dye (10 mg/L), (10 mL/min) flow rate of
an air bubble at temperature (25°C) for different time intervals.
Figure.(3-23) shows the effect of the hydrogen peroxide concentration on
photocatalytic degradation of dye . Figure. (3-26) shows the degradation
efficiency enhanced from (71.83 to 96.32%) by increasing the initial
hydrogen peroxide concentration from (0.3,1.5,3.0,3.9 and 4.5%). The
increased photocatalytic degradation efficiency of orange G after the
addition of hydrogen peroxide can be explained by the increased reaction
between hydrogen peroxide and electron in the conduction band of
orange G. According to , hydrogen peroxide can effectively inhibit the
electron—hole 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 orange G dye. However, further increase in
hydrogen peroxide concentration above (3%) caused lower degradation
of orange G due to an inhibitive effect on the reaction between orange G
and electron in the conduction band of GO/ZnO nanocomposite. The
other reason for the inhibition effect can also be explained in terms of
scavenging of positive holes by adsorbed H,0, on the surface of GO/ZnO
nanocomposite ( Danyliuk et al., 2021 ) (Aziztyana et al., 2019 )
( Sharma et al ., 2021 ). The added H,0, could accelerate the reaction by

75



Chapter Three Results and Discussion

producing hydroxyl radicals from scavenging the electrons and
absorption of UV-light by the following reactions :

H,O, + e cb) — ‘'OH + OH (3-3)
H202 + 02 T — .OH + _OH + Oz (3'4)
H,0, + hv— 2'OH (3-5)

By addition of excess H,0,, it acts as hydroxyal radical or hole scavenger
to form the perhydroxyl radicals (HO,") which is a much weaker oxidant

than hydroxyl radicals :
H202 +OH — Hzo + HOZ. (3'6)

H202 + h+ - H+ + H02 ) (3-7)
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Table (3-8): chang for AJ/A, through irradiation-time on diffrent

initial H,O, solution value .

initial 0.3 1.5 3 3.9 4.5
hydrogen
Peroxide
solution %
viv
Iradiation Al/A,
Time min
0 1 1 1 1 1
10 0.45 0.60 0.89 0.93 0.96
20 0.32 0.51 0.80 0.88 0.92
30 0.22 0.50 0.74 0.78 0.87
40 0.16 0.41 0.63 0.70 0.79
50 0.09 0.31 0.56 0.63 0.70
60 0.06 0.26 0.52 0.56 0.68
70 0.04 0.10 0.46 0.50 0.60
80 0.03 0.06 0.42 0.46 0.52
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Fig. (3-23) : Variation in ( A¢/ Ay )with irradiation time at different

initial H,O, solution.

®H202=0.3%
B H202 =1.5%
AH202 =3.0%
X H202 =3.9%
X H202 =4.5%

0 10 20 30 40 50
Time / min

Fig.(3-24) : Chang in Ln (A, / Ay through irradiation-time at
different-H,O, using UV radiation, initial orange G dye.
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Fig. (3-25) . Effect of H,O, on photo degradation rate constants

96.32
100 7 83.87
90 ~
g0 7183

70 1
60 o 53-85

50 39.72
40 -

30 +o
20 ¢
10 ¢

PDE %

H202=0.3 H202=1.5 H202=3 H202=3.9 H202=4.5
Percentage of hydrogen peroxide%

Fig. (3-26) . Photocatalytic degradation efficiency using
(0.15g / 100 mL) GO/ZnO nanocomposite and (10 mg/L) of orange G

dye for different H,O, concentrations.

79



Chapter Three Results and Discussion

3-2-2-6 Effect of addition of ethanol

A few experiments were performed to test the influence of the
ethanol concentration range (3, 7, 11, 17 , and 21 % ) on the
photocatalytic degradation of dye by GO/ZnO naocomposite  was
investigated at initial (pH 8.7), catalyst dosage (0.15 g/100mL), and
initial concentration of orange G dye (10 mg/L), (10 mL/min) flow rate
of an air bubble at temperature (25°C) for different time intervals.
Alcohols such as ethanol are commonly used to quench hydroxyl
radicals. It was observed that small amounts of ethanol inhibited the
photocatalytic degradation of dye . Figure. (3-27) shows that addition of
ethanol inhibits the photo oxidative degradation of dye. The effect of
ethanol in this system can be explained by *OH competitive reactions
with dye and ethanol. Adding extra amount of ethanol leads to a mild
increase in the process efficiency due to the formation of ethoxy radicals
(C,Hs0®) from direct photocatalytic  oxidation of ethanol
( Zhang et al., 2020, Saien et al., 2010, Alahiane et al., 2014 ).

80



Chapter Three Results and Discussion

Table (3-9): chang for AJ/A, through irradiation-time on diffrent

initial ethanol solution value .

initial

ethanol 3 7 11 17 21

solution

% viv

Iradiation

Time min A/A,
0 1 1 1 1 1
10 0.99 0.97 0.93 0.90 0.84
20 0.95 0.88 0.82 0.76 0.65
30 0.88 0.81 0.72 0.63 0.49
40 0.80 0.70 0.57 0.49 0.30
50 0.72 0.59 0.46 0.35 0.17
60 0.61 0.49 0.38 0.31 0.15
70 0.59 0.47 0.36 0.28 0.14
80 0.57 0.45 0.33 0.25 0.13
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Fig. (3-27) . Variation in ( A/ Ao )with irradiation time at different

initial ethanol solution.

0.8
0.7
06 @ 3%(v/v)
' W 7%(v/v)
- 05 4 11%(v/v)
s i < 17%(v/v)
(=)
£ 21%
s 03 (v/v)
£
0.2
0.1
0 .- .
0 10 20 30 40
Amount of Ethanol

Fig.(3-28) : Chang in Ln (A, / Ay through irradiation-time at
different initial ethanol solution using UV radiation, initial orange G
dye.
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Fig. (3-29) . Effect of CH3;OH on photo degradation rate constants
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Fig.(3-30) Photocatalytic degradation efficiency using

(0.15g / 100 mL) GO/ZnO nanocomposite and (10 mg/L) of orange G
dye for different amount of ethanol .
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3-2-2-7 Temperature effect of on photo-catalytic-degradation for

orange G dye :

A series of experiments were done for studding the influence of
temperature on photocatalytic degradation of orange G dye in range
(285 — 311 ) k. By conservation other experimental conditions apply
constant at initial orange G dye concentration of (10 mg/L), prepared
GO/ZnO catalyst dosage was (0.15 g /100mL), (10 mL/min) flow rate of
an air bubble and (pH=8.7) .The results in Table ( 3-10) and figure.(3-31)
show that the degradation process of dye progressively increased with
increase in the temperature,this may be due to the increased reactive
hydroxyl radical obstetrics (Mardiroosi et al.,2017) (Singh et al., 2021 ).
The activation energy associated with the photodegrdation of dye was

calculated according to the Arrhenius equation ( 2-7).

By plot of In k versus 1/T . From the Figure.( 3-34) the activation energy
which gives 35.35. +1 kJ.mol™.
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Table (3-10): Change of A/A, through irradiation-time of different-

temperature.

Temperature K | 285 298 303 311

Iradiation Time Ad Ay
min
0 1 1 1 1
10 0.94 0.86 0.81 0.73
20 0.79 0.70 0.60 0.44
30 0.69 0.52 0.41 0.29
40 0.56 0.35 0.17 0.07
50 0.50 0.29 0.13 0.06
60 0.38 0.23 0.11 0.05
70 0.34 0.17 0.09 0.04
80 0.32 0.11 0.07 0.03
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Fig. (3-31) . Variation in ( A/ Ao )with irradiation time at different

temperature.
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Fig.(3-32) : Chang in Ln (A, / Ay through irradiation-time at
different-temperature using UV radiation, (10 mg/L) of orange G dye
and (0.15g /100 mL ) GO/ZnO nanocomposite.
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Fig. (3-33) : Arrhenius plot of orange G dye.

In order to calculate thermodynamic functions such as AH(Change
Enthalpy of activation) and AS(Change Entropy of activation), Figure
( 3-34 ) was shown a linear relationship fitting the graph of Eyring
equation ( 2-8).
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£
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Fig. (3-34) : Eyring equation plot In(k/T) against 1000/T for orange
G dye.
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According to the equation (2-8) , 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=232.88 kJ/mol) . And from the y-intercept
the Entropy of activation value (AS=—0.164k J/ mol.k).

The positive value of Enthalpy of activation refer to endothermic
reaction . In the present case the value of Entropy of activation is negative
as in Table (3-11), 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 (81.75 kJ/mol) . The positive values of AG for the reaction
indicate the non-spontaneous nature of photocatalytic degradation of
orange G dye.

Table (3-11): The thermodynamic parameters of the photocatalytic
degradation of dye .

Temperature/ Enthalpy of activation/ | Entropy of activation/ | Gibbs’ free energy/
k KJ.mol™ KJ.mol ™.k kJ.mol™*
298 32.88 -0.164 81.75

3.3. Degradation Kinetics

The rate of reaction has been studied using the effect of initial dye
rang ( 10, 20, 30.40, and 50 mg/L) with constant catalyst loading .a
series of experiments has been performed to determine the rate of
reaction. Pseudo first order and pseudo second order Kkinetic expressions

were widely used by majority of the researchers today to describe the
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photocatalytic oxidation of pollutant . These models are expressed by the
equations ( 2-10)and ( 2-11):

The relationship between the initial concentration of orange g dye and the
illumination time . The degradation rate is directly proportional to the
probability of formation of hydroxyl radicals ( 'OH ) on the catalyst
surface and theprobability of hydroxyl radicals reacting with the dye
molecules. The interaction of ( "OH ) radical with dye decreases as the
initial concentration of the dye increases. Furthermore, the increase in dye
concentration also reduces the relative formation of both hydroxyl
radicals and super oxide radical anions due to the reduced light
penetration to the solution, leading to the decrease in photo degradation
efficiency ( Dlugosz et al., 2021 ) . Best fitting kinetic model was chosen
using linear regression method . Figures.(3-35) and (3.36) depict the
Kinetics of orange G degradation under UV catalytic activities by the
GO/ZnO photocatalysts.

¢ 10 ppm
—_ M 20 ppm
<
~ A 30 ppm
&D X 40 ppm
—
c 50 ppm
—

Time / min

Fig. (3-35) . The plots of In( Aq /A;) versus irradiation time at
different initial orange G concentrations.
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Fig . (3-36) : Orange G dye photooxidation GO/ ZnO nanocomposite

photo catalysts — second order reaction Kkinetics.

Table ( 3-12 ) Kinetics of dye photo catalytic degradation by

deferent concentration.

First order Second order
Concentration/ (mg/L) Ky R? K, R?
10 0.0387 | 0.9933 0.0884 0.898
20 0.0256 | 0.9362 0.0639 0.8213
30 0.0125 | 0.9572 0.0109 0.8972
40 0.0059 | 0.9618 0.0041 0.8962
50 0.0021 | 0.9865 0.0017 0.9378
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3-4 Conclusions

1- Prepearation of GO by modified hummer method.
2- Graphite oxide/Zince Oxide (GO/ZnQO) nanocomposite was prepared

using sonocatalysis method.

3-The mean crystallite size for the prepared GO/ZnOnanocomposite were
calculated using Scherer equation, and the results showed that the average
crystallite size and average particle size of all photocatalysts were
23.769nm according to XRD.

4- The photocatalytic degradation processes of orange G dye depended on
the amount of catalyst dosage and the optimum value equal
( 0.15 g / 100 mL) of GO/ZnO nanocomposite. The best removal
percentage of orange G dye (97.33%) .

5- The effect of dye concentration has been studied the optimum value of
orange G dye (10mg/L) dye . The photocatalytic degradation of orange G
decrease with increase concentration of dye due to the decrease of the

concentration OH adsorbed on the catalyst surface.

6- The light intensity 9mW/cm2. The photocatalytic degradation

increased with increase in light intensity.

7- The activation energy has been calculated when used orange G
dye =35.35 kJ.mol™

8- Using Eyring equation thermodynamic parameters (AH, AS) for orange
G dye were calculated (32.88 kJ/mol and ( - 0.164 kJ/mol.k)
respectively, from the results the reaction is endothermic with low
randomness. AG (81.75 kJ/mol)was calculated and the reaction is non-

spontaneous.
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9- Alcohols such as ethanol are commonly used to quench hydroxyl
radicals. The effect of ethanol in this system can be explained by "OH
competitive reactions with dye and ethanol. Adding extra amount of
ethanol leads to a mild increase in the process efficiency due to the
formation of ethoxy radicals (C,HsO®) from direct photocatalytic

oxidation of ethanol.

10- Effect addation of the hydrogen peroxide concentration on
photocatalytic degradation of dye.The increased photocatalytic
degradation efficiency of orange G after the addition of hydrogen
peroxide can be explained by the increased reaction between hydrogen
peroxide and electron in the conduction band of orange G. 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,0, on

the surface of GO/ZnO nanocomposite.
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3-5 Recommendations

1. Modification the surface of Zinc Oxide with Au nanoparticle.
2. Synthesized new nanocomposite by using green method.

3. Studying the biological activity of prepared nanocomposite.

4.Studying the effect of added hydrogen peroxide and ethanol.
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