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Abstract

The water pollution problem is widespread throughout the world.
Nowadays, growing industrial activities have resulted in the generation of huge
amounts of hazardous; untreated industrial effluents and uncontrolled pollutants
that are released into environmental water. Among them, dyes from textile
industries generate a large amount industrial wastewater due to the huge water
demand and frequently discharge into the environment throughout the production
process and has a direct impact on human health , as a result, water pollution
remediation is one of the imperative issues which the scientific community has
given significant attention to with the primary goal of safeguarding and
conserving natural water resources. This study includes three parts; Synthesis,
Characterization and application of nano graphitic carbon nitride(g-CsN,), nano
bismuth oxide (Bi,O3), nano-graphene oxide (NGO) composites for the removal
of methylene blue dye.

Part one contains the synthesis of nano graphitic carbon nitride(g-CsN,),
nano bismuth oxide (Bi,Os;) and nano-graphene oxide (NGO). Binary
nanocomposites were synthesized by high calcination method, including (20%) g-
C3N, -Bi,03, (40%) g-C3N, -Bi,03, (60%) g-CsN4 -BiOs, and (80%) g-CsN, -
Bi,Os. Novel ternary nanocomposites were synthesized by high calcination
method, BiCgo/GO (10 mg), BiCgy/GO (20 mg), BiCgy/GO (30 mg) and BiCgo/GO
(40 mg).

Part two includes the characterization of these composites by ((XRD) to find
out the particles size through Debye-Scherrer equation, (FT-IR), (UV-Vis)
spectroscopy, PL, TGA to study the thermal stability of samples, FESEM and
EDS to study the surface morphology of the composites

Part three contains the application of these composites for water treatment
in order to remove the organic pollutants (methylene blue dye MB) Through two
methods; first method Photocatalytic Degradation, The degradation efficiency
D% was for (g-CsN4), (Bi,O3) and (NGO) (93.34%,0.95% and 98.335%)
respectively, under the visible light irradiation in a time period of 180 min. The
degradation efficiency D% for binary nanocomposites (20%) g-CsN4 -Bi,O3 ,
(40%) g-C3N4 -BiyOs , (60%) g-C3N,4 -BiyOs, (80%) g-C3N4 -Bin 05, (21.77%,
35.4%, 41.48% and 98.38% ) respectively, under the visible light irradiation in a



time period of 180 min, the optimum conditions obtained for the best efficient of
(80%) g-CsN, -Bi,05 was (catalyst weight =50 mg, dye concentration=5 mg.L™ ,
temperature= 25°C, pH =14). The degradation efficiency D% for novel ternary
nanocomposites, BiCgo/GO (10 mg), BiCgo/GO (20 mg), BiCg/GO (30 mg) and
BiCg/GO (40 mg) (88.98%,97.81% ,96.65 and 91.58%) respectively, under
visible light irradiation in a time period of 180 min. Optimum conditions obtained
for ternary nanocomposites BiCgy/GO (20 mg), are (catalyst weight =50 mg, dye
concentration= 5 mg.L™, temperature = 35°C, pH =12).

Second method includes fabricated, g-CsN4, Bi,O3; and NGO by vacuum
filtration method. The removal efficiencies R% of methylene blue dye was,
(62.872%, 34.434% and 51.673%) respectively. Binary nanocomposites, (20%)
g-C3N4 -Bi,0s3, (40%) g-CsN, -Bi, O3, (60%) g-C3sN,4 -Bi, O3, (80%) g-C3Ny4 -Bi, 03
were fabricated as membranes by vacuum filtration, the removal R% was
(33.268%, 36.995%, 52.436% and 70.819%) respectively. Ternary
nanocomposites BiCgy/GO (10 mg), BiCg/GO (20 mg), BiCgs/GO (30 mg) and
BiCg/GO (40 mg) were fabricated as membranes by vacuum filtration, the
removal R% are (42.418%, 48.438%, 49.265% and 44.440%) respectively.
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Chapter one

Introduction



1.1 Nanomaterials

An intriguing new class of materials known as nanomaterials is in great demand
for a wide range of real-world uses. Five silicon atoms or ten hydrogen atoms
lined up, each measuring one nanometer, can be used to illustrate the length of a
nanometer. If a material's size or one of its dimensions falls between 1 and 100
nm, it is considered a nanomaterial[1]. They are smaller than their bulk materials
and have high surface/volume ratios[2]. The quantity of component atoms
surrounding a particle's surface grows as its size decreases. This leads to the
development of highly reactive particles with distinct chemical, optical, physical,
and electronic properties. The field of nanotechnology is one that is developing
quickly and has a lot of applications in the chemical, pharmaceutical, engineering,
and food processing industries[3],[4]. First used, the name "nanometer" was in
1914 which coined by Richard Adolf Zsigmondy [5]. In 1959, during the annual
meeting of the American Physical Society, the specific notion of nanotechnology
was introduced by Nobel Prize-winning American physicist Richard Feynman.
This is regarded as the first lecture on nanotechnology given by an academic[5].

1.2 Synthesis of nanomaterials

Two main approaches are used for the synthesis of nanomaterials (Fig. 1-1): top-
down approaches and bottom-up approaches:

1.2.1 Top-down approach

In top-down approaches, bulk materials are divided to produce nanostructured
materials. Top-down methods include mechanical milling, laser ablation, etching,
sputtering, and electro-explosion.
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Fig.(1-1)The synthesis of nanomaterial's via top-down and bottom-up approaches[6]
1.2.1.1 Ball milling through Mechanical method

One economical way to convert bulk materials into nanoscale materials is by
mechanical milling. Blends of various phases can be produced efficiently using
mechanical milling, which also aids in the creation of nanocomposites. Fig. (1-
2)[7] illustrates the ball milling method the basic idea. Ball-milled carbon
nanomaterial's are thought to be a novel class of nanomaterial that offers the
chance to meet the needs of energy conversion, energy storage, and
environmental cleanup [8]. Mechanical milling involves the use of a high energy
mill with a suitable milling medium and a powder charge (usually an elemental
blend). Reducing particle size and mixing of particles in new phases are the goals
of milling. Different ball milling techniques that impact the powder charge can be
employed to synthesize nanomaterials[9].

The balls have two possible outcomes: either they fall freely and hit the powder
and balls below, or they roll down the chamber's surface in a succession of
parallel layers. It is more cost-effective to use mechanical millings for large-scale
manufacturing of grain of nano size [10].
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Fig.(1- 2)The principle of the ball milling method [7]
1.2.1.2 Electrospinning method

One of the most straightforward top-down techniques for creating nanostructured
materials is Electrospinning. Generally speaking, it is employed to create
nanofibers from a wide range of materials, most commonly polymers[11]. Coaxial
electrospinning was one of the significant advances in electrospinning. The
spinneret in coaxial electrospinning consists of two coaxial capillaries. Core—shell
nanoarchitectures in an electric field can be formed in these capillaries using two
viscous liquids, i.e., a viscous liquid as the shell and a non-viscous liquid as the
core. An efficient and straightforward top-down method for producing core-shell
ultrathin fibers on a big scale is coaxial electrospinning. These incredibly thin
nanomaterials may be stretched to several centimeters in length. This process has
been applied to the creation of inorganic, organic, hybrid, core-shell, and hollow
polymer structures [12].

Fig.(1-3)[13] shows a schematic diagram of the coaxial electrospinning technique.
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Fig.(1-3) A schematic diagram of the coaxial electrospinning technique [13]

1.2.1.3 Lithography method

A concentrated light or electron beam can be utilized to create nanoarchitectures
through the use of lithography. There are two primary categories of lithography,
both maskless and masked lithography[14]. Using a particular mask or template,
nanopatterns are transmitted across a sizable surface area in masked
nanolithography. Photolithography, Nanoimprint Lithography, and Soft
Lithography are examples of Masked Lithography[15]. Electron beam
lithography, focused ion beam lithography, and scanning probe lithography are
examples of maskless lithography. A mask is not used in the arbitrary nanopattern
writing process of maskless lithography, 3D freeform micro-nano-fabrication can
be accomplished by combining wet chemical etching with focused ion beam
implantation[16]. One promising low-cost method for creating consistent,
homogenous arrays of nanoparticles of varying sizes is nanosphere lithography
(NSL). The benefits of both top-down and bottom-up approaches are combined in
this method. The procedure is broken down into two parts, mask preparation
being the first Fig. (1-4). A suspension of monodisperse spherical colloids, such
as polystyrene, is applied to the flat substrate following a chemical treatment to
improve its hydrophilic properties. A colloidal crystal mask [17] (CCM) is a
hexagonal-close-packed (HCP) monolayer or bilayer that forms after drying.
Following the removal of the mask (lift-off), an array of ordered nanodots is left
on the substrate's surface by either stripping or sonification in a suitable solvent.



In certain cases, crystallizing the sample or causing a crystallographic phase
transition requires an annealing step[18].
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Fig. (1-4) Nanosphere lithography process (NSL)
1.2.1.4 Sputtering method

The technique of sputtering involves subjecting solid surfaces to high-energy
particles like gas or plasma in order to create nanomaterials. Sputtering is thought
to be a useful technique for creating thin nanomaterial films[19]. Depending on
the incident gaseous-ion energy, tiny atom clusters are physically ejected off the
target surface during the sputtering deposition process due to the bombardment of
intense gaseous ions Fig.(1-5)[20]. There are various methods for carrying out the
sputtering process, including magnetron, radio-frequency diode, and DC diode
sputtering. Forty Sputtering is typically done in an evacuated chamber that has
been supplied with sputtering gas. Free electrons clash with the gas when a high
voltage is supplied to the cathode target, producing gas ions.
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The ions that are positively charged rapidly accelerate in the these ions' electric
field toward the cathode target repeatedly struck, causing atoms to be ejected off
the target's surface[21]. To create WSe,-layered nanofilms on SiO, and carbon
paper substrates, magnetron sputtering is employe[22]. The sputtering approach is
intriguing because it is less expensive than electron-beam lithography and
produces nanomaterials with a composition that is identical to the target material
but contains fewer contaminants[23].
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Fig.(1-5) A Schematic Diagram of the DC Magnetron Sputtering Process[20]

1.2.1.5 The arc discharge method

Arc discharge is a valuable technique for producing diverse nanostructured
materials. It is well recognized for creating materials based on carbon, like
amorphous spherical carbon nanoparticles, few-layer graphene (FLG), carbon
nanotubes, fullerenes, and carbon nanohorns [24]. The production of fullerene
nanomaterials greatly benefits from the use of the arc discharge technique. Two
graphite rods are adjusted in a chamber that maintains a specific helium pressure
during the formation process. It is crucial to fill the chamber completely with
helium since fullerene synthesis is inhibited by oxygen or moisture. Arc discharge
between the graphite rod ends propels the vaporization of carbon rods[25].



The creation of novel nanomaterials is greatly influenced by the circumstances
surrounding arc discharge. Fig. (1-6) describes the circumstances in which various
carbon-based nanomaterials are created using the arc discharge approach. Because
different carbon-based nanomaterials have different development methods, they
are gathered from various positions during the arc discharge method[24].
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Fig. (1-6) A schematic Illustration of the Formation Mechanisms of Carbon anomaterial on the
Inner wall of the Chamber using Different gases via a DC arc Discharge approach[24]

1.2.1.6 Laser ablation method

Using a strong laser beam to strike the target material, laser ablation synthesis
creates nanoparticles. Because of the high energy of the laser irradiation during
the laser ablation process, the source material or precursor vaporizes, forming
nanoparticles. Since no additional chemicals or stabilizing agents are required for
the production of noble metal nanoparticles using laser ablation, this method can
be regarded as environmentally friendly[26].This approach can be used to
manufacture a wide spectrum of nanomaterials, including oxide composites [27],
metal nanoparticles [28],[29], carbon nanomaterials and ceramics [30],[29]. By
focusing laser pulses on a bulk target submerged in a liquid solution, NMs are
produced in laser ablation synthesis in liquid solution Fig. (1-7)[26].



While the dynamics of the synthetic process remain the same, the target can be
either a single piece or crushed powder. Different mechanisms, such as nucleation
and growth or ejection of hot droplets and solid pieces from the target, can lead to
the production of nanoparticles [31].
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Fig (1-7) Sketch of the main experimental parameters of laser ablation synthesis in liquid
solution[26]

1.2.2 Bottom-up approach
1.2.2.1 Chemical vapor deposition (CVD) method

When creating carbon-based nanomaterials, chemical vapor deposition techniques
are crucial. In CVD, vapor-phase precursors react chemically to generate a thin
coating on the substrate surface[32]. If a precursor has sufficient volatility, high
chemical purity, good stability during evaporation, low cost, non-hazardous
nature, and a long shelf life, it is deemed appropriate for CVD. Furthermore, there
shouldn't be any leftover contaminants after its breakdown[32]. For example, high
temperatures are applied to a substrate in an oven during the CVD process to
produce carbon nanotubes. A carbon-containing gas, such as hydrocarbons, is
then gradually added to the system as a precursor.



Carbon atoms are released during the breakdown of the gas at high temperatures,
and these atoms then recombine to form carbon nanotubes on the substrate [33].
Nonetheless, the kind and form of the resulting nanomaterial are greatly
influenced by the catalyst of choice. Ni and Co catalysts produce multilayer
graphene in the CVVD-based method of graphene synthesis, while a Cu catalyst
produces monolayer graphene [34]. All things considered, CVD is a great way to
create high-quality nanomaterials [35], and it's particularly well-known for
creating two-dimensional nanomaterials Fig.(1-8) [36].
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Fig. (1-8) A schematic diagram of the growth of in-plane graphene and hBN heterostructures
via various techniques: (A) simultaneous in situ CVD growth, (B) sequential in situ
CVD growth, (C) lithography-assisted growth, and (D) conversion growth[36]

1.2.2.2 Solvothermal and hydrothermal methods

One of the most well-known and widely applied processes for creating
nanostructured materials is the hydrothermal process[37],[38]. By using a
heterogeneous reaction in an aqueous medium at high pressure and temperature
near the critical point in a sealed vessel, the hydrothermal technique produces
nanostructured materials[39]. The hydrothermal method and the solvothermal
method are similar. The fact that it is done in a non-aqueous liquid is the only
distinction. Most solvothermal and hydrothermal techniques are used in closed
systems[40]. The technique of crystallizing materials directly from solutions using
hydrothermal/solvothermal processes typically entails two steps: crystal
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nucleation and subsequent growth. The final products might be manufactured
with the appropriate particle sizes and morphologies by adjusting processing
factors like temperature, pH, reactant concentrations, and additives. The
mechanisms that underlie the process-variable-tuned control over size and
morphology are the supersaturation-dependent overall nucleation and growth rates
[41]. The majority of hydrothermal and solvothermal reactions take place in
sealed reactors, sometimes referred to as high-pressure bombs, pressure vessels,
or autoclaves. Hydrothermal/solvothermal reactors are typically metal autoclaves
lined with Teflon or alloy, or they may include an additional Teflon, platinum,
gold, or silver can, beaker, or tube to shield the autoclave body from the
extremely corrosive solvent that is maintained at high pressure and temperature.
Sometimes .Figure(1-9) shows the most popular general-purpose autoclave used
in laboratories[42].

Fig. (1-9) A general-purpose Hydrothermal autoclave. The Hydrothermal reactions occur inside
the Teflon container[42]

1.2.2.3 Sol-gel method

The sol-gel method is a widely utilized wet chemical process in the synthesis of
nanomaterials. This process is employed in the creation of several types of
superior metal-oxide-based nanomaterials. This process is known as the "sol-gel
method" because, in the process of creating the metal-oxide nanoparticles, the
liquid precursor changes into a sol, which is then transformed again into a
network structure known as a gel[43]. Metal alkoxides are the typical precursors
used in the sol-gel process to create nanomaterials. There are multiple processes
involved in the creation of nanoparticles using the sol-gel technique. In order to
create a sol, the metal oxide is first hydrolyzed in water or with the help of
alcohol. The following stage involves condensation, which raises the solvent's
viscosity and creates porous structures that are then allowed to mature.
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Metal-hydroxo— or metal-oxo—polymer formation in solution is the result of
hydroxo- (M-OH-M) or oxo- (M-O-M) bridges forming during the
condensation or polycondensation process[44]. Aging-related polycondensation
results in modifications to the structure, characteristics, and porosity. The porosity
reduces and the spacing between the colloidal particles widens with age.
Following the aging phase, the gel is dried, removing any remaining water and
organic solvents. Finally, the process of calcination is used to produce
nanoparticles[45]. Sol-gel film and powder production is demonstrated in Fig.(1-
10) [46]. The final product formed by the sol-gel process depends on a number of
parameters, including the kind of precursor, pH, aging period, rate of hydrolysis,
and molar ratio of the precursor to H,O[47].
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Fig. (1-10) An overview showing two sol-gel method synthesis examples: (a) Films from a
colloidal sol and (b) Powder from a colloidal sol transformed into a gel [46]

1.2.2.4 Soft and hard templating methods

Production of nanoporous materials involves considerable use of both soft and
hard template methods. A straightforward traditional technique for creating
nanostructured materials is the soft template method. The discovery of materials
with a variety of morphologies, easy implementation, and comparatively
moderate testing conditions have all contributed to the perceived benefits of the
soft template method[48]. Many soft templates, including anionic, cationic, and
non-ionic surfactants, flexible organic molecules, and block copolymers, are used
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in the soft templating approach to create nanoporous materials[49]. The three
main ways that the soft templates and the precursors interact are through
electrostatic, van der Waals, and hydrogen bonding interactions[50].Generally,
two procedures known as cooperative self-assembly and "true" liquid-crystal
templating are used for the soft templating approach of producing ordered
mesoporous materials[49]. The quantities of surfactant and precursor, the ratio of
surfactant to precursor, the structure of the surfactant, and the surrounding
conditions are some of the variables that might impact the mesoporous material
structures that are produced from 3D organized micelles[48].Another name for
the hard template technique is nano-casting. To create nanostructures for the
necessary applications, well-designed solid materials are utilized as templates.
The solid template pores are then filled with precursor molecules Fig.(1-
11)[50].The synthetic process for creating nanostructures using templating
techniques consists of three key phases. The right original template is created or
chosen in the first stage. The template mesopores are then filled with a specific
precursor to turn them into an inorganic solid. To create the mesoporous replica,
the original template is eliminated in the last phase[51]. A variety of unique
structured nanomaterials, including nanowires, nanorods, 3D nanostructured
materials, nanostructured metal oxides, and many more nanoparticles, can be
produced by using mesoporous templates[52]. This brief discussion makes clear
that both soft and hard template methods can be used to produce a wide range of
unique structured nanomaterials.
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1.3 Pollution

The processes of transportation, manufacturing, construction, mining, petroleum
refining, and urbanization are all part of the ongoing industrialization and
urbanization that depletes natural resources and produces large amounts of
hazardous wastes that pollute the air, water, and soil, endangering public health
and environmental security. The produced wastes are discharged into the
environment in a variety of ways. For instance, atmospheric pollutants can be
made up of suspended airborne particles, volatile organic compounds (VOCs),
and toxic gases such as nitrogen oxides, sulfur oxides, carbon oxides, and ozone.
Meanwhile, soil and water pollutants can include microbial pathogens, heavy
metals, organic materials (such as pesticides, insecticides, phenols, and
hydrocarbons), and heavy metals (such as lead, cadmium, arsenic, and mercury).
These contaminants in the environment have a significant potential to negatively
Impact human health [53].

1.3.1 Air pollution

One of the biggest issues facing the world today is air pollution, which is defined
as the introduction of chemical, physical, or biological substances into the
atmosphere through emissions from geogenic, anthropogenic, or biogenic sources,
changing the atmosphere's natural composition. The ecosystem (plants and other
living things) and human health are negatively impacted by poor air quality, as it
may lead to a number of deadly diseases as cancer, respiratory disorders, and
cardiovascular diseases[54].

1.3.2 Soil pollution

Hazardous substances in the natural soil environment are the source of soil
pollution. The most common sources of contaminated soil are mining,
manufacturing, landfill sites, especially those that accept industrial wastes (such
as paint residues, batteries, electrical wastes, etc.), and municipal or industrial
sludge. Heavy metals are common soil pollutants and can occur naturally in sail,
though rarely at toxic levels. With the exception of mercury and selenium, which
can be changed and volatile by microorganisms, heavy metals are thought to be
among the more difficult soil pollutants because they are nondegradable and
remain in the contaminated environment once they are present. Large-scale soil
pollution can be handled either in situ, or on the spot, or ex situ, or removed and
treated off-site. Nevertheless, conventional techniques of treating contaminated
soil are prohibitively expensive and very challenging[55]. Therefore, the best
strategy to safeguard the environment is to either stop heavy metal pollution from
occurring or use immobilization techniques to stop the spread of heavy metals in
soil [56].
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1.3.3 Water pollution

Life depends on water, and while water covers over 70% of the Earth's surface,
just 2.5% of that water is freshwater suitable for supporting terrestrial life[57].
Worldwide, water contamination is a major problem. This issue is caused by
geological or anthropogenic (man-made) contamination [58]. Human activities
such industrial, agricultural, commercial, residential, and waste disposal systems,
as well as the usage of medications and personal care items, are the sources of
anthropogenic pollutants[59]. Pollutants can be classified as either organic or
inorganic.

1.4 Types of Pollutants

1.4.1 Inorganic Pollutants

The main sources of inorganic pollutants in water are both man-made and natural.
The primary inorganic water contaminants are heavy metals, the phosphate and
nitrate groups, and other elements including fluoride and chloride groups.[58].

1.4.2 Organic Pollutants

Organic compounds, whether man-made or naturally occurring, are present in
almost every ecosystem and may be the main source of water contamination.
Industrial developments are increasing the amount of synthetic organic chemicals,
which raises the health risks associated with their presence in water [60].
Trihalomethanes (THMs) [61], volatile organic chemicals (VOCs) [58],
pesticides, raw materials used in plastic manufacturing [62], medications,
personal care products [63], and dyes were among the most prevalent organic
pollutants. The dye is discussed in this thesis as a major pollutant.

1.4.2.1 Dyes

One of the many new compounds that might be applied to a wide range of
industrial processes was the development of organic dyes. These dyes are widely
used in industries and have become a crucial component of industrial effluent. In
actuality, throughout the manufacturing and application procedures, almost 11%
of the 450,000 tons of organic dyes generated each worldwide are lost in effluents
[64]. Removing these dyes from industrial effluents poses a serious environmental
risk because the majority of them are poisonous and may cause cancer[65]. While
pigments remain in particle form and are insoluble, dyes are synthetic organic
chemicals that dissolve in water or oil[66].

Complex unsaturated chemical compounds called dyes absorb light and give the
visible region its color[67]. A number of techniques, including membranes,
coagulation, adsorption, advanced oxidation process (AOP), and biodegradation,
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have been proposed to address the removal of dyes from water[68],[69]. The
chromophore, auxochrome, and matrix are the three fundamental groups that
make up the molecules of dyes, which are actually organic compounds [70]. The
dye's chromophore, or active site, is a summary of the spatial location of the
atoms that absorb light energy[71].The most prevalent atom groups that make up
the chromophore are nitro (—NO,), azo(—N=N—), nitroso (—N=0), thiocarbonyl
(—C=S), carbonyl (—C=0), and alkenes (—C=C—). The electrons in a molecule
are excited, which causes the chromophore to absorb electromagnetic waves [70].
They cause the molecule containing them to turn chromogenic [72]. The only way
to dye a chromogenic molecule is to add additional atom groups known as
"auxochrome"[72]. These auxochromic groups can change the dye's color and
enable the fixing of the dyes. They can be basic (NH,, NHR, and NR,) or acidic
(COOH, SO3, and OH). The third component of the dye, the matrix, is made up of
the remaining atoms in the molecule [70]. Functional compounds included in
textile dyes, such as carboxylic, amine, and azo groups, are difficult to handle
using traditional techniques [73].

1.4.2.2 Methylene blue dye (MB)

A heterocyclic aromatic chemical molecule with a planar structure is methylene
blue dye [74].1ts molecular weight is 319.85 g/mol, and its chemical formula was
C1eH1sN3S, Fig. (1-12) [75]. The textile industry has extensively used MB dye, a
common blue, cationic, thiazine dye, as a fiber coloring agent [76], [77], also as
staining agents, as well as for preventative and therapeutic uses in the medical
field [76],[78],[79].

Fig. (1-12) Methylene blue molecular structure[75]
1.4.2.3 Applications of methylene blue dye

MB has a wide range of uses. Methylene blue was one of the first antimalarial
medications to be synthesized and studied in medicine at the end of the 1800s
[80].
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Additionally, it was used with amodiaquine and found to be efficacious against
falciparum malaria, particularly in adult and pediatric African patients[80], [81].
Additionally, methylene blue is widely used in medicine, where it is
recommended for the treatment of individuals in both adult and pediatric stages
who have been diagnosed with methemoglobinemia, a blood condition
characterized by an abnormally high production of methemoglobin [82].

1.4.2.4 Toxicity of methylene blue dye

Even while MB was relevant in many different areas, its presence could seriously
endanger both human health and the environment if it is not regulated in an
environmentally responsible way [83]. It has been reported that this chemical
molecule is teratogenic and embryotoxic. An exposure study of MB to rats and
angelfish, respectively, verified the harmful effects [82]. A significant number of
materials used in the manufacturing of textiles, paints, pharmaceuticals,
cosmetics, and other items that use dyes, including MB, may be released into the
environment as waste. According to a report, the textile industries account for
roughly 67% of the dyestuff market and/or consumption [84].

1.5 Photocatalysis

Photocatalysis for water splitting is comprised of an intricate sequence of
photophysical and electrocatalytic procedures[85].Mass transfer of the reactants
and products, photon absorption, exciton separation, carrier diffusion, carrier
transport, and catalytic efficiency are some of the components that make up
photocatalytic reactions. Although carrier diffusion and carrier transport can occur
simultaneously and coherently, they are separated here for ease of
understanding[85].Photon absorption starts nonequilibrium photochemical and
photophysical reactions. An electron-hole pairs, are produced on the femtosecond
scale following photon absorption when an electron in the valence band (VB) is
excited to the conduction band (CB) [86]. Following the exciton's defeat of the
exciton binding energy determined by the electronic structure, the exciton is
typically separated [87]. The electron and hole recombination needs to be
prevented if a photocatalyzed reaction is desired.

The main goals of this process are to carry out a reaction between an oxidant and
activated electrons to produce a reduced product, and a reaction between
produced holes and a reductant to produce an oxidized product [88], [89].
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1.5.1 Photodegradation of Methylene Blue

One essential method for removing the dye from industrial effluent is to oxidize
MB to H,O and CO, using a photocatalyst [90]. Photodegradation is an oxidation
process where complex compounds break down chemically to become fragments
with a reduced molecular weight that are straightforward, safe, and exposed to
light [91]. This is a new and exciting technology for treating waste effluent that
can break down dye molecules into simpler, non-toxic inorganic species like CO,
and H,0, thus decolorizing them [92]. The photocatalyst, a semiconductor
substance that is activated by adsorbing photons and can speed up a reaction
without being consumed, is used in this technique [93]. MB has the ability to
absorb light in the 500-700 nm range, generate singlet and triplet species through
intersystem crossing and electronic transition, and partially undergo self-
decomposition [94]. Since the MB dye is photolyzed in the atmosphere, oxygen is
necessary for the degradation to occur. ‘OH radicals are created in basic media
when MB™ radicals are monoelectronically reduced by OH™. "OH combines with
one another to form H,0,, a crucial active species in the processes of degradation.
In a similar manner, excited MB" radicals and O, combine to generate O, .
Equations (1-3), as follow:

MB*+ OH — MB  + OH"............ (1-1)
ZOH. — H202 ............................ (1'2)
MB +0; > MB" +0; Tuevrnennnnens (1-3)

All these reactive radical species take part in the direct photolysis of MB dye [95].
Photodegradation of MB dye in % can be calculated from the Equation:

Degradation rate (%) = (Co— C/ Cp) X 100...c.ceueenrnnns (1-4)

where, C, represents the initial concentration of dye, C stands for dye
concentration after the reaction[96].

1.5.2 Factors Affecting Photodegradation of Methylene Blue
1.5.2.1 Effect of pH

The pH is one of the important factors for photocatalytic dye decolorization since
it has a variety of effects on dye reaction rates. The adsorption of dye on the
surface of semiconductors can be impacted by pH, as the catalyst surface charge
Is contingent upon the pH of the particular solution [97]. Being a cationic dye,
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MB will adsorb on a photocatalyst that is extremely negatively charged [98]. The
medium's pH could be adjusted to control the photodegradation of MB [99].
Because of the growing electrostatic attraction, the photocatalyst in a basic
solution tends to pick up a negative charge, which increases the adsorption of
positively charged dyes [100]. Lower pH (acidic fluids) cause less MB molecule
adsorption on the photocatalyst surface because H*, the dominating species,
competes with the cationic MB dye. The reaction between the "OH and MB is
lessened because MB does not adsorb on the photocatalyst surface. Higher pH
values prevent OH and MB from competing because OH will be repelled by the
negatively charged surface of the photocatalyst and will persist in the mixture in
significant amounts[101],[102].

1.5.2.2 Effect of MB dye concentration

A dye's rate of photodegradation is determined by its concentration, kind, and
coexistence with other substances in the solution [103]. Because there were more
active sites on the surface of the photocatalyst at lower concentrations, the MB
dye has a higher adsorption capacity [104]. When the original dye concentration
IS increased to a certain point, the photodegradation rate of MB increases; beyond
that point, it decreases [105]. The rise in the reaction probability between the dye
molecules and the "OH radical may be the cause of the initial increase in the MB
dye degradation rate with increasing initial dye concentration [106].

1.5.2.3 Effect of irradiation time

The most important factors influencing photodegradation were the irradiation
duration and the adsorption equilibrium between MB and a photocatalyst [107].
Degradation increases because the irradiation period has a direct relationship with
the degree of MB degradation. when the irradiation time increases [108], [109].
As reaction times rise, the characteristic absorption peak of MB spectra eventually
diminishes. It exhibits a color shift from blue to colorless, and the drop in
absorption spectra is most likely due to the reduction of MB chromophore
[110],[111] .After a certain amount of time, the photodegradation of MB becomes
constant after first growing steadily with increasing irradiation time [96].

1.5.2.4 Effect of Different Photocatalysts

Impurities on the photocatalyst surface affect the adsorption behavior of the
effluent as well as the lifetime and recombination rate of electron-hole pairs.
Different photocatalysts photodegrade differently depending on variations in
lattice mismatch and BET surface. Large surface area can play a significant role
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in some photodegradation reactions. However, depending on the particle size, the
electron-hole recombination mechanism can change [112].
To fully utilize the capabilities of photocatalysts, a great deal of work has been
done to enhance their particular surface area [113].

1.5.2.5 Effect of Catalyst Weight

Numerous findings indicate that in photocatalytic degradation, the amount of
catalyst is a crucial factor in the decomposition of organic compounds or dyes.
The ideal loading must be determined for the effective removal of dye or organic
component in order to prevent the usage of excess catalyst. Thus, in order to get
the maximum photocatalytic activity, the amount of catalyst must be
optimized[114]. In order to achieve complete absorption of sun photons and
prevent needless surplus catalyst, the right catalyst must be supplied for effective
photocatalytic degradation. Although intriguing, these results are predicated on
the supposition that the catalyst particles were uniformly and equally lit, had the
same size, and had the same optical characteristics[115].

1.6 Catalysts
1.6.1 Graphitic Carbon Nitride (g-CsNy)

With an appropriate bandgap energy of 2.7 eV and a graphene-like structure made
up of nitrogen and carbon atoms bound by sp® bonds, g-C;N, is a polymeric
nanosheet with an abundance of amino groups on its surface [116]. Because of the
sp” electronic band structure in g-CsN,, hybridization, it is regarded as a photon-
harvesting semiconductor material that is essential for photoelectrochemical
biosensors to detect biomolecules [117]. Graphitic carbon nitride (g-CsN,4) has
garnered significant interest due to its high absorption efficiency of visible light
and its high activity. It comprises only the earth-abundant elements (carbon and
nitrogen), great chemical and thermal stability due to the strong covalent link
between carbon and nitrogen atoms in the conjugated layer structure. Moreover,
its moderate bandgap energy of 2.7 eV (460 nm) allows it to capture visible light
and has an ideal CB and VB edge position for both oxidation and reduction of
water [118]. As a result, g-CsN, quickly rises to prominence in the field of
photocatalysis as a green photocatalyst. Furthermore, the fact that g-CsN, may be
produced using readily accessible, affordable precursors in a straightforward
synthesis process accounts for its extensive use as a visible light-driven
photocatalyst [119],[120]. A number of precursors have been suggested for the
thermal condensation synthesis of g-CsN4;. These substances, which include
dicyandiamide, urea, cyanamide, and thiourea, are high in nitrogen and have a tri-
s-triazine ring structure [121]. For example, if cyanamide is used as the precursor,
thermal heating produces g-CsN,4, melamine, melem, and dicyanamide, in that
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order.Fig. (1-13) shows the g-CsN,4 precursors' molecular structures and the
matching temperatures at which their thermal condensation occurs[122].

Melamine Urea Thiourea Cyanamide Dicyandiamide
N
B i S HNT =N
N 2 10 = L T
= e E8 HoN NH H>N NH. b N
HaN N NH- 2 2 2 2 HaN NH
500 ~ S80 T 520 ~ S50 T 450 ~ 650 T 550 C S50 T
Q'C:Na

Fig. (1-13) Various g-C3Ny precursors and the corresponding temperatures for their thermal
condensation into g-CsN4 [122]

Moreover, graphitic stacking of C3N, layers, joined by tertiary amines Fig. (1-14)
[123], gives g-CsN, its distinct delocalized conjugated structure and strong
electronic conductivity [124], [125].

Fig. (1-14) Tri-s-triazine-based two-dimensional structure of g-C3N4. Color scheme: C, gray; N,
blue [123]

1.6.2 Graphene Oxide (NGO) Nanosheets

Graphene, a two-dimensional material derived from three-dimensional graphite,
has a large specific surface area and resembles a honeycomb structure composed
of a connected carbon atom lattice with sp? hybridization[126]. The lattice
structure of graphene is hexagonal and flat. Each carbon atom has four valence
electrons, which are composed of three electrons (2s, 2py, and 2p,) that form
plane sp? hybrid orbitals. The orbital electron that is left behind creates a sizable ©
bond and is free to go throughout the plane. Because of their distinctive structural
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and morphological characteristics, graphene and graphene oxide have superior
electrical, mechanical, and thermal properties[127],[128]. NGOs can be created in
a number of ways, such as the ways described by Brodie and Hummer[129]. As
illustrated in Fig(1-15)., graphite can be oxidized to create pure NGO with plenty
of hydroxyl (—OH), carbonyl (—CO), epoxy (—COC), and carboxyl (—COOH)
groups[130]. Because of its unique characteristics, such as its high specific
surface area, abundance of oxygen functional sites with both hydrophilic and
hydrophobic groups, and strong thermal and chemical durability, graphene oxide
has a high adsorption capacity[131]. Because of its adsorption qualities, graphene
oxide can be utilized to clean up wastewater by eliminating one or more harmful
substances. Additionally, because of its graphene skeleton and oxygen presence,
NGO has appealing electrical, optical, and chemical properties. Metal ions can be
bound by these oxygen groups [129].
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Fig. (1-15): Mechanism of Graphene Oxide Synthesis[130]
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1.6.3 Bismuth Oxide (Bi,O53)

One of the heterogeneous components is bismuth oxide (Bi,Oz), which has
superior optical conductivity, a low band gap (2 to 3.96 eV), a high refractive
index, non-toxic qualities, and significant photocatalytic activity [132],[133].
Bi,03 is utilized in applications like water filtration, fuel cells, and gas detection
because of these qualities [134]. a- (monoclinic), B- (tetragonal), y- (body-
centered cubic), 6- (face-centered cubic), and e- (triclinic) are the five fuzzy
shapes that Bi,O3 takes on [135]. The forms of Bi,O; that have a metastable phase
are a-Bi,O3, which is known to be the constant phase at low temperatures, and 6-
Bi,O3;, which is the stable phase at high temperatures (729 °C). It has been
observed lately that B-Bi,Os3, a metastable phase, exhibits superior photocatalytic
activity in comparison to a-Bi,O3. Because B-Bi,O3 has the lowest band gap (2.4
eV) and performs best photocatalytically when exposed to visible light radiation,
it has the largest absorption in the visible light area. f-Bi,Os; can serve as an
electron donor in photocatalytic processes since it is an intrinsic p-type
semiconductor with high mobility[136].

1.6.4 Nanocomposites

Nanocomposites are multiphase solids in which one of the phases has dimensions
of less than 100 nm, or all three have dimensions of less than 100 nm [137],[138].
Polymer matrix nanocomposites, polymer-layered silicate nanocomposite,
ceramic-polymer nanocomposites, inorganic—organic polymer nanocomposites,
and inorganic-organic hybrid polymer nanocomposites are the further
classifications for it[139]. Materials known as polymer matrix nanocomposites
require the dispersion of inorganic nanoparticles with one dimension within the
10-100A° range. When compared to ordinary polymer composites or pure
polymers, these composites significantly improve the mechanical and physical
properties [139].

1.6.4.1 g-C3N,4-Bi,O3 Binary Nanocomposites

When it comes to the creation of the composite, g-C3N, and bismuth oxide
(Bi,Oz) pair well because of their similar band gap edges. It is commonly
recognized that matched-band gap energy may offer a practical path for charge
carriers produced by photosynthesis. [140], [141]. By suppressing charge carrier
recombination and promoting broader visible light absorption, the synthesis of
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Bi,05-g-C3N, composite may produce heterojunction and increase the
photocatalytic activity of g-CsN, [142],[141],[143]. Band bending and the
creation of an internal electric field are caused by the heterojunction (g-CsNy-
Bi,05) that is thus created. This heterojunction reduces the recombination of the
photogenerated electrons and holes in addition to tuning dimensionality. When
compared to other semiconductor materials, the composite's capacity to trap light
Is improved by the band gap's narrowing [144]. Bi,O3z and g-C3N, also satisfy the
requirements of an effective catalyst, which include being readily available,
inexpensive, non-toxic, and having a simple synthesis process. [145],[146].

1.6.4.2 Ternary Nanocomposites

In an effort to improve the performance of nanomaterials, researchers have
developed this binary nano-system into a new ternary nanostructure system (noble
metal/metal/semiconductors or noble metal/semiconductors/semiconductors). The
resulting new ternary nanostructures effectively show high efficiency with newly
generated properties in comparison to the binary [147],[148]. Though the created
nanostructures are important, not enough research has been done in this field;
only a few varieties of ternary noble metal/semiconductors nanostructures have
been examined for example (Au/CdS/TiO,), (Pt/TiO,/CdS), (Ag/TiO2/Zn0). In
this research, ternary Nano composites were prepared by Graphitic Carbon
Nitride (g-CsN,), Bismuth oxide (Bi,O3) and Graphene Oxide (NGO) Nano-
Sheets(g-C3N;-Bi,O5-NGO).
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1.7 Membrane Filtration
Compared to other water treatment technologies, membrane filtration has received

greater attention. In many areas of wastewater treatment, membrane technique is
thought to be a cost-effective and efficient method; nevertheless, the selectivity
and permeability of the membrane materials greatly influence the membrane's
ability to function. High energy consumption from membrane fouling and other
Issues prevented this approach from being widely adopted. The method is prone
to clogging and has a high initial cost. Another drawback of this procedure is the
need for frequent membrane replacement. This approach works well if the
wastewater has a low dye concentration. It is possible for membrane filtration to
function in conjunction with additional effluent treatments. This technique is not
limited to the presence of organic contaminants and microbes in wastewater; it
can also be applied to salts membrane filtering, which is utilized, among other
things, for latex recovery, color removal, BOD reduction, and salt reduction.
Although the process is temperature-resistant, microorganisms can negatively
affect the membrane filtration. The remainder. Reverse osmosis (RO), Nano-
filtering (NF), Ultra-Filtration (UF), and Micro-Filtration (MF) are the common
membrane filtering types. The necessary quality of the final effluent influences
the membrane process selection [149]. Numerous investigations have revealed
that adding carbonaceous nanoparticles to membranes can enhance their
selectivity, permeability, and fouling resistance. The applications of microporous
membranes in water purification are limited since they are only effective in
filtering particles with a size of 1-10 um. Their pore size ranges from 0.1 to 5
um. In the meantime, nanoporous membranes performed exceptionally well in the
filtration of water. They are capable of filtering out of wastewater the majority of
contaminants (1-10 nm), including salts, organic compounds, metallic ions, and
microorganisms[150],[151]. Many types of inorganics, organic, and inorganic-
organic hybrid materials have been used to construct high performance nano-
porous membranes for water filtration. One example is the desalination of water
using single-layer nanoporous graphene [152].

1.7.1 Types of Nano-Porous Membranes

Based on their material composition, nanoporous membranes for water
purification can be broadly classified into three types: inorganic, organic, and
Inorganic-organic hybrid membranes. Ceramics are the primary material used to
make inorganic membranes (Al,O3;, TiO,, ZrO,, SiO,, Ti0,-Si0O,, TiO,-ZrO,
Al,05-SiC) ) [153], graphene [154], and carbon nanotubes (CNTs) [155].
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Polymeric  materials, including polyvinyl alcohol (PVA), polyimide,
polypropylene, polyethersulfone (PES), cellulose acetate, cellulose nitrates,
polysulfone (PSU), polyvinylidene fluoride (PVDF), polyacrylonitrile,
polytetrafluoroethylene (PTFE), and biomacromolecules, are the primary
constituents of organic membranes [156]. Typically, inorganic elements (metals,
metal oxides, or carbon-based compounds) are incorporated into a polymeric
matrix system to create inorganic-organic hybrid membranes [157].

1.8 The Aims of This Study

1. Enhance the photocatalytic degradation properties of Bi,O3 by synthesis the
binary composites; (20% g-C3;N4-Bi,O3, 40% g-C3N4-Bi,Os, 60% g-C3N,-
Bi,0O3; and 80% g-CsN,4-Bi,O3) and novel ternary composites BiCgy/GO (10
mg), BiCgy/GO (20 mg), BiCg/GO (30 mg) and BiCgy/GO (40 mg), used
high temperature calcination method.

2. Synthesis membranes; g-CsN4, Bi,Os;, NGO, binary composites (20% g-
C3N4-Bi203, 40% g-C3N4-Bi203, 60% g-C3N4-Bi203,80% g-C3N4-Bi203)
and novel ternary composites BiCg/GO (10 mg), BiCg/GO (20 mg),
BiCg/GO (30 mg) and BiCgy/GO (40 mg), by vacuum filtration method in
order to separate water pollutants.
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Chapter Two

EXPERIMENTAL



2.1 Instruments and Chemicals

The instruments used in the present study and their models, companies and origin
are listed in Table (2-1), the chemicals listed in Table (2-2).

Table (2-1): Instruments used in study, models, companies and origin

Ser. Device Company | Origin Laboratory
UV-Vis. University of Misan
1 Spectrophotometer, Shimadzu Japan /College of Science/
UV-1800 Chemistry Dept.
University of Misan /
5 S ectroﬁljg?glr?gtometer Shimadzu Japan College of Science/
P P Chemistry Dept.
BPC Analysis Center
FT-IR Spectrophotometer, . .
3 FT-1R-1800 Shimadzu Japan Adhamiya/ Baghdad
X-Ray Diffraction (XRD), .
4 PW1730 Philips Holland Tehran / Iran
5 Thermogravimetric (TG) TA USA BPC Analysis Center
SDT Q600 VV20.9 Build 20 | Instruments Adhamiya/ Baghdad
University of Misan /
6 Muffle Furnace LAC Rgzﬁgll]ic College of Science/
P Chemistry Dept.
: University of Misan /
Probe Ultrasonicator, Sino Sonics | China College of Science/
7 FSFJY92-1IN )
Biology Dept.
. . . Tehran University/
Field Eml_ssmr_\ Scanning _ Advanced Materials
3 Electronic Microscope Zeiss Germany Characterization
(FESEM), 5 KV .
Institute
Ultrasonic Bath Sonicator, Daihan China Ug(;\lllirsétgfoécl\i/éﬁg;/
9 WHC-A10H Scientific o
Chemistry Dept.
University of Misan /
10 Vacuum Pump Value China College of Science/
Chemistry Dept.
University of Misan /
11 pH-meter, pH 7110 Inolab Germany | College of Science/
Chemistry Dept.
. University of Misan /
12 Stirring water bath, Daiki Japan College of Science/
KBLEE 2010 i
Chemistry Dept.
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Table (2-2): Chemicals used, chemical formula, company and origin

. Chemical - .
Ser. Chemicals Formula Company Origin Purity
1 Urea CO(NH,), Romil UK 99%
Bismuth (111) nitrate . . ) i 0
2 pentahydrate BiN3O9.5H,0 Sigma-Aldrich USA 98%
3 Graphite C CDH India 99.5%
4 Sodium nitrate NaNO; Thomas Baker India 98%
Hydrogen peroxide H,0, Panreac applab Spain 50%
6 Sulphuric acid H,SO, Chem Lab UK 97%
7 Potassium KMnO, Gce UK 99%
permanganate
Cellulose nitrate . .
8 membrane filters (CeH11N2010) Fiscger India
C16H13C|Ngs. . o
9 Methylene Blue xH;0(x=2.3) Thomas Baker India 99%
10 | Dimethyl Formamide | ooy, | ThomasBaker | india | 99.5%
(DMF)
11 Sodium hydroxide NaOH Chem Lab UK 98%
12 Hydrochloric acid HCI Applichem USA 97%

2.2 Synthesis of Graphitic Carbon Nitride g-Cs;Ny

Place 10 g of urea powder into a covered ceramic crucible, close the cover,
place the crucible in a muffle furnace set to 550 'C for four hours with a heating
rate 15 C per minute. The resulting yellowish powder was collected and used
right away without any additional care. After the finished product had reached
room temperature, they were pounded coarsely in a mortar and pestle Fig. (2-
1)[158],[159].
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Fig. (2-1): The flow chart of the synthesis nano Graphitic Carbon Nitride

2.3 Synthesis of Nano Bismuth Oxide (Bi,03)

Nano Bi,O; crystals were synthesis by a solid-state decomposition reaction, 5 g of
Bi (NO3)3.5H,0 heated to 500 °C for 4 hrs. at heating rate of 10 °C /min. the
produce was washed with 50 ml of distilled water (five times 10 ml each) and
dried in oven at 80 °C for 6 hrs.[160].

2.4 Synthesis of Nano Graphene Oxide (NGO)

Nano graphene oxide synthesized by modified Hummer's method[129],[161].
Added 0.60 g graphite and 0.50 g sodium nitrate, dissolved in 23 mL cooled
(0° C) concentrated sulphuric acid in beaker onto ice bath, stirring for 15 min.
Added gradually 3.0 g potassium permanganate to the suspension (black color),
continuous stirring to keep the reaction temperature below 20 °C onto ice bath for
30 min. The reaction beaker placed in stirring water bath at 35 °C for 2 hrs. (the
suspension changed to dark brown). Added 50 ml deionized water gradually (by
dropper) into the suspension over a hot plate with a magnetic stirrer, the
temperature kept below 98 °C, for 15 min, added 100 mL of warm deionized
water, added 10 mL of hydrogen peroxide 30% gradually (by dropper) for 15 min.
The suspension separated by centrifuge (4000 rpm for 5 min), the precipitate
washed with warm hydrochloric acid (5% v/v) to remove sulphate ions (test by
BaCl,), the precipitate washed with deionized water until the pH of washing
solution became 7.0.

The product (graphene oxide) dried in oven at 60 °C for 1 hr. Added 0.5 g of
Graphene oxide to 50 mL of N, N-di methyl formamide and sonicated by Probe
ultrasonicator for 30 min, the suspension separated by centrifuge (4000 rpm for

28



10 min) the separated residue dried in oven at 60 °C for 1 hr. as shown in Fig. (2-
2).

Added 150 ml

warm D.W \ |
=

Ice bath stirrer ‘

e
w ‘ | 30% H:0, _'_ Changed to dark brown
~ 5 —————
g__-) om G
Hot plate stirrer Stirring water bath at 35°C
for 2 hrs.
:
e
: |8
S
-
.

c Washed by Diszolved in 50 ml DMF

54 HCL & DW
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For1 hr.
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"'“mlmca'“ﬁ o The suszpenszion zeparated by

centrifuge (4000 rpm for 10 min)
the separated rezsidue dried in
Graphene Oxide oven at 80 °C for 1 hr.

powder

Fig. (2-2): The flow chart of the synthesis nano graphene oxide
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2.5 Synthesis of binary nanocomposites g-C3;N4/Bi,03

The g-C3N4/Bi,03; was prepared by different ratios (20% g-C3;N4/Bi,0s, 40% g-
C3N4/Bi,03, 60% g-C3N4/Bi, O3 and 80% g-C3N4/Bi,O3). To prepare 20% g-
C3N4/Bi,03, 0.02 g of g-C3N,4 with 0.08 g of Bi,Oz grind them well together using
ceramic mortar and pestle, the resultant mixed powder was put in to a ceramic
crucible with a cover and heated to 400 °C in a muffle furnace for 4 hrs. with
heating rate 20 °C/min .The same process was followed to prepare 40% g-
C3N4/Bi,05(0.04g. g-C3N4+0.06Bi,03), 60% g-CsN4/Bi,03(0.06 g, g-C3N4+0.04g
Bi,03), 80% g-C3N4/Bi,O5 (0.08 g g-C5N4+0.02 g Bi,03)[160].

2.6 Synthesis ternary nanocomposites BiCgo/GO (X mg)

Ternary Nano composites BiCgo/ GO(X) were prepared by varying amount

of GO(x=10,20,30 and 40 mg) as follows, the synthesis process (80% g-CsNjy-
Bi,Os;)was added 0.08 g of g-CsN, with 0.02 g of Bi,O3 subsequently with
different amount of GO (10,20.30 and 40 mg)was added each time, grind them
well together using mortar and pestle then the resultant mixed powder was put
into a crucible with a cover, heated at 400 °C in a muffle furnace for 4 hrs. with
heating rate of 20 °C/min.

The ternary nano composites are named as BiCgy/GO (10 mg), BiCgo/GO (20 mg),
BiCg/GO (30 mg) and BiCgy/GO (40 mg) respectively for 10, 20, 30 and 40 mg
of GO added in the synthesis process.

2.7 Sample Preparation
2.7.1 Stock solution of methylene blue (1000 mg.L™)

A stock solution of methylene blue (MB) (M. Wt. = 319.86 g/mol.) was prepared
by dissolving 100 mg of the MB dye in deionized water into beaker, transferred
quantitatively to volumetric flask (100 ml), filled up to the mark with deionized
water. The working standard solutions were prepared by serial dilution of stock
solution.

30



2.8 Photocatalytic Degradation of the MB dye

2.8.1 Photocatalytic Degradation of the MB dye by Nano g-C3N,,
Bi,O3, binary nano composites g-C3N,/Bi,O3, ternary
nanocomposites BiCgy/GO (x mg)

MB dye solution (10 mg.L™ ) was prepared in a volumetric flask (50 ml), the

absorbance measured by using UV-Vis spectrophotometer at A max( 664.50 nm)

MB dye solution poured into a beaker (250 ml), put on a hotplate with a magnetic

stirrer (700 rpm) , added 50mg of the catalyst g-CsN,4, kept on the hot plate with a

magnetic stirrer for 30 min. in the dark, withdrew 4ml of the solution by a

syringe, the catalyst was separated by centrifuge ( 5000 rpm for 5 min. twice) then

absorbance measured at A . (664.50 nm), kept the solution on the hot plate with

a magnetic stirrer for 180 min. under the light (Tungsten lamp 300 watt ), the

absorbance measured at A ,(664.50 nm), at intervals time (30,60,90,120,150 and

180 min.) respectively, withdrew 4ml of the solution by a syringe, the catalyst

was separated by centrifuge ( 5000 rpm for 5 min twice) nm each time . The same

procedure was followed for each Bi,O; , binary nano composites (20% g-

C3N4/Bi,03, 40% g-C3N4/Bi,03, 60% g-C3N4/Bi, O3 and 80% g-C3N4/Bi,Oz)and

ternary nanocomposites BiCgo/GO (10 mg), BiCg/GO (20 mg), BiCg/GO (30

mg) and BiCgo/GO (40 mg)as shown in Fig.(2-3)[162].

Fig. (2-3) Hotplate with magnetic stirrer under Tungsten lamp- 300 watt
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2.8.2 Photocatalytic degradation of MB dye by NGO

MB dye solution (100 mg.L™) in a volumetric flask (50 ml) was prepared, the
absorbance measured by using UV-Vis spectrophotometer at A max (664.50 nm).
MB dye solution poured into beaker (250 ml) on a hot plate with a magnetic
stirrer (700 rpm), added 50mg of NGO catalyst, left for 30 min. in the dark,
withdrew 4ml of the solution by syringe, the catalyst was separated by centrifuge
(5000 rpm for 5 min twice), absorbance measured at A nax (664.50 nm) switched
on the (Tungsten lamp-300 watt) for 180 min. the absorbance measured at
A max(664.50 nm) intervals time (30,60,90,120,150 and 180 min.) each time
respectively, withdrew 4ml of the solution by a syringe, the catalyst was separated
by centrifuge (5000 rpm for 5 min. twice) each time[162] .

2.9 Optimum conditions for the photocatalytic degradation
of MB dye by binary nanocomposite 80%g-C3;N./Bi,O3
and ternary nanocomposite BiCgy/GO (20 mg)

2.9.1 Effect of catalyst weight

MB dye solution (10 mg.L™" ) in a volumetric flask (50 ml ) was prepared ,the
absorbance measured at A mx(664.50 nm), poured into a beaker (250 ml) put on a
hot plate with a magnetic (700 rpm) , added (40,50 and 60 mg) of the catalyst
80% g-CsN4/Bi,Os; respectively to each solution, left for 30 min. in the dark
withdrew 4ml of the solution by a syringe, the catalyst was separated by
centrifuge ( 5000 rpm for 5 min twice), absorbance measured at A ya(664.50 nm)
, Switched on the (Tungsten lamp 300 watt) for 180 min. the absorbance measured
at A max(664.50 nm), at intervals time (30,60,90,120,150 and 180 min) for each
solution respectively, withdrew 4ml of the solution by a syringe, the catalyst
was separated by centrifuge ( 5000 rpm for 5 min twice) each time The same
procedure was followed for BiCgo/GO(20 mg) ternary nanocomposite [162].

2.9.2 Effect of MB dye concentration

The effect of concentration of MB dye on the Photo catalytic degradation of the
80%g-C3N,4-Bi,O3 binary nano composites was studied by preparing series
concentration of the MB dye (5 mg.L™",10 mg.L" and15 mg.L™") in each a
volumetric flask (50 ml ) ,the absorbance measured at A ,(664.50 nm), poured
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the MB dye solution into beakers (250 ml), put on a hot plate with a magnetic
stirrer (700 rpm) , added 50mg of the catalyst 80%g-C3sN4-Bi,O3, left for 30 min
in the dark, withdrew 4ml of the solution by a syringe, the catalyst was separated
by centrifuge ( 5000 rpm for 5 min twice), absorbance measured at A .(664.50
nm), switched on the (Tungsten lamp-300 watt ) for 180 min, the absorbance
measured A na(664.50 nm) at intervals time (30,60,90,120,150 and 180 min.)
respectively, withdrew 4ml of the solution by a syringe, the catalyst was separated
by centrifuge ( 5000 rpm for 5 min twice) each time. The same procedure was
followed for BiCgy/GO(20 mg) ternary nanocomposite [162].

2.9.3 Effect of temperature

The effect of temperature on the photo catalytic degradation process was
studied,50 ml aqueous solution of MB dye (10 mg.L™ ) in a volumetric flask was
prepared , poured the MB dye solution into beaker (250 ml), put on a hot plate
with magnetic stirrer, thermometer used to measure the temperature at (25 C,35
*Cand 40 °C) (700 rpm) , added 50mg of the catalyst 80%g-C3N;-Bi, O3 left for 30
min. in the dark , withdrew 4ml of the solution by a syringe, the catalyst was
separated by centrifuge ( 5000 rpm for 5 min twice), absorbance measured at A
max(664.50 nm). Switched on the (Tungsten lamp-300 watt) for 180 min. the
absorbance measured at A ,(664.50 nm) for intervals time (30,60,90,120,150 and
180 min.) respectively, withdrew 4ml of the solution, by a syringe, separated the
catalyst by centrifuge ( 5000 rpm for 5 min twice) each time. The same procedure
was followed for BiCgo/GO(20 mg) ternary nanocomposite [162].

2.9.4 Effect of pH

Beaker contains 50 ml Of MB dye (10 mg.L™), the pH of solution was set by using
(0.1M HCI) and (0.1M NaOH) at pH values (2,4,6,8,10,12 and 14) by using pH-
meter. The absorbance measured at A na (664.50 nm) then poured the MB dye
solution into beaker (250 ml) put on a hot plate with a magnetic stirrer (700 rpm),
added 50mg of the catalyst 80%g-CsN4-Bi,O; to the solution for 30 min. in the
dark, withdrew 4ml of the solution by a syringe, the catalyst was separated by
centrifuge (5000 rpm for 5 min twice), the absorbance measured at A mx(664.50
nm), switched on the (Tungsten lamp-300 watt) for 180 min. measured the
absorbance at A ,,x(664.50 nm) at intervals time (30,60,90,120,150 and 180 min)
respectively withdrew 4ml of the solution by a syringe each time, the catalyst was
separated by centrifuge (5000 rpm for 5 min twice). The same procedure was
followed for BiCgy/GO(20 mg) ternary nanocomposite [162].
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2.10 Membrane synthesis method
2.10.1 g-C3N4 , Bi,O3 ,NGO g-C3N4/Bi203 and BiCgi/GO (X mg)
Membranes
The solution of g-C3N, (100 mg.L™) was prepared by adding 5 mg of g-CsN,
powder to 50 ml deionized water, sonicated by bath sonicator for 2 min. at 32 °C
for dispersion, poured on a cellulose nitrate substrate membrane into a filtering
cup, switched on the vacuum pump (-15 psi), g-CsN4 membrane formed on the
cellulose nitrate substrate membrane. (pores 0.22 um), The same procedure was
followed for each Bi,O3; ,NGO, binary nano composites (20% g-CsN4/Bi,O3, 40%
g-CsN4/Bi0O3, 60% g-C3N4/Bi,O; and 80% g-C3N4/Bi,Oz)and ternary
nanocomposites BiCgo/GO (10 mg), BiCg/GO (20 mg), BiCg/GO (30 mg) and
BiCg/GO (40 mg) as shown in Fig. (2-4) [163].

&) ®)

Fig. (2-4): (A) g-C3N4 membrane (B) Bi,O3 membrane, (C) NGO membrane, (D) g-C3N4/Bi,O3
membrane, (E) BiCgo/GO(X) membrane on substrate (cellulose nitrate)
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2.11Applications of Membranes

2.12.1 Separation of MB dye by g-C3N4, NGO, Bi,03, g-C3N4/Bi,O3
and BiCgy/GO (x mg) membranes

Standard solution 100 ml of MB dye 10 mg.L™ was prepared, the absorbance
measured at Ana (664.50 nm). Poured 10 ml of MB dye solution on each
membrane (g-C3N; NGO, Bi,O3, g-C3N4/Bi,O3, BiCgo/GO(X mg)) respectively,
filtered by using the vacuum filtration, the absorbance of the filtered solution
measured at the same wavelength [163].

A) ®)

Fig. (2-5) BiCgo/GO(x) membrane (A) Before, (B) After separation of MB dye
(C) Vacuum filtration pump
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Chapter Three

Results and Discussion



3.1. Spectral characterization of g-C3N,, Bi,0O3, NGO,
and g-C3;Ny4-Bi,03, BiCgy -GO (X mg) composites

3.1.1 X-Ray Diffraction Spectroscopy (XRD)

The XRD spectrum measured in a range (5-607) of 26 at 0.154 nm (copper
source). The XRD analysis spectrum of the synthesized g-C3;N4 gave excellent
diffraction peaks at 28 values of 13.9122°, 27.9907" respectively, which can be
ascribed to the corresponding planes (hkl) (100), (002) respectively which match
well with JCPDF No. 50- 1250[164]. The XRD analysis spectrum of Bi,O3; gave
excellent diffraction peaks at 20 values of 26.1695" , 27.8227" , 33.5340" and
46.7237° respectively, which can be ascribed to the corresponding planes
(hkl)(111) ,(120) ,(200) and (041) respectively which match well with JCPDS
No. 41-1449[165].The XRD analysis spectrum of the synthesized NGO gave
excellent diffraction peaks at 20 value of 11.1297" , which can be ascribed to the
corresponding planes (hkl) (002) [166] as show in Fig. (3-1).

(002) —Go |

w—Bi,0,
—gCN,
i

(120)

(200)

(041)

(111)

Intensity (%)

(002)

(100) J \

10 20 30 40 50 60
2theta (degree)

Fig. (3-1) XRD patterns of g-C3N4, Bi,O3 and NGO
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The XRD analysis spectrum of the synthesized (20%)g-C3sN, - Bi,O3 binary nano
composite gave excellent diffraction peaks at 20 values of (20=25.9262") low
intensity with interlayer spacing of (d=3.4338 A’) , (26=27.6620") high intensity
corresponding to interlayer spacing of (d=3.23022 A"), (26=33.4385") medium
intensity corresponding to interlayer spacing of (d=2.6842 A’) and (20=46.5562")
low intensity with interlayer spacing of (d=1.9491 A’) as shown in Fig. (3-2).

The XRD analysis spectrum of the synthesized (40%)g-CsN, - Bi,O3 binary nano
composite gave excellent diffraction peaks at 20 values of (26= 25.9830) low
intensity with interlayer spacing of (d= 3.4265 A") , (20=27.6398") high intensity
corresponding to interlayer spacing of (d= 3.2247 A"), (26= 33.4856°) medium
intensity corresponding to interlayer spacing of (d=2.6805 A") and (20=46.5855")
low intensity with interlayer spacing of (d=1.9480 A") as shown in Fig. (3-2).

The XRD analysis spectrum of (60%)g-C3N,4 - Bi,O5 binary nano composites gave
excellent diffraction peaks at 20 values of (20= 25.9907°) low intensity with
interlayer spacing of (d=3.4340 A"), (26=27.5718") high intensity corresponding
to interlayer spacing of (d= 3.23255 A"), (26= 33.4077 *) medium intensity
corresponding to interlayer spacing of (d= 2.6866 A’ ) and (20= 46.5265") low
intensity with interlayer spacing of (d=1.9503 A") as shown in Fig. (3-2).

The XRD analysis spectrum of (80%)g-CsN, - Bi,O3 binary nano composites gave
excellent diffraction peaks at 20 values of (20= 25.9758") low intensity with
interlayer spacing of (d= 3.4359 A"), (26=27.5699°) high intensity corresponding
to interlayer spacing of (d= 3.2327 A"), (26= 33.3800 °) medium intensity
corresponding to interlayer spacing of (d= 2.6821 A’) and (20= 46.6257") low
intensity with interlayer spacing of (d= 1.9512 A") as shown in Fig. (3-2).

The XRD analysis spectrum of the synthesized BiCgo/GO(10 mg) ternary nano
composite gave excellent diffraction peaks at 20 values of (20= 25.9585") low
intensity with interlayer spacing of (d= 3.4296 A") , (20=27.7880") high intensity
corresponding to interlayer spacing of (d= 3.2078 A), (26= 33.1320") medium
intensity corresponding to interlayer spacing of (d= 2.7083A") and (20=46.2794")
low intensity with interlayer spacing of (d=1.9601 A") as show in Fig. (3-3).

The XRD analysis spectrum of the synthesized BiCgo/GO(20 mg) ternary nano
composite gave excellent diffraction peaks at 20 values of (20= 25.9458 °) low
intensity with interlayer spacing of (d= 3.4313 A") , (20=27.6602") high intensity
corresponding to interlayer spacing of (d= 3.22242 A"), (26= 33.3794 *) medium
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intensity corresponding to interlayer spacing of (d=2.6822 A’) and (26=46.6117 °)
low intensity with interlayer spacing of (d=1.9469 A") as show in Fig. (3-3).

= (80%)g-C,N,-Bi,0,
—— (60%)g-C.N,-Bi,O,

= (40%)g-C,N,-Bi,O,
= (20%)g-C,N,-Bi,O,

Intensity (%)

T T T v T T T T 1
30 40 50 60

10 ' 20
2theta (degree)

Fig. (3-2) XRD patterns of (20%) g-C3N4 -Bi,O3, (40%) g-C3N4 -Bi,O3, (60%) 9-C3Ns —
Bi,0O3 and (80%) g-CsN,4 -Bi,O3 binary nanocomposites

The XRD analysis spectrum of the synthesized BiCgo/GO(30 mg) ternary nano
composite gave excellent diffraction peaks at 20 values of (20= 26.4722") low
intensity with interlayer spacing of (d= 3.3642 A") , (26=27.7770°) high intensity
corresponding to interlayer spacing of (d= 3.2091A"), (26= 33.4346") medium
intensity corresponding to interlayer spacing of (d= 2.6845A") and (26=46.5828 )
low intensity with interlayer spacing of (d=1.9529 A") as show in Fig. (3-3).

The XRD analysis spectrum of the synthesized BiCg,/GO (40 mg) ternary nano
composites gave excellent diffraction peaks at 20 values of (20= 25.8482 ) low
intensity with interlayer spacing of (d= 3.4526 A’), (20=27.8941") high intensity
corresponding to interlayer spacing of (d= 3.19593 A"), (26= 33.3448") medium
intensity corresponding to interlayer spacing of (d= 2.6849 A’) and (20=46.5706 °)
low intensity with interlayer spacing of (d= 1.9486 A") as show in Fig. (3-3).
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Fig. (3-3) XRD patterns of BiCgo/GO (10 mg), BiCg/GO (20 mg), BiCgo/GO (30 mg) and
BiCgo/GO (40 mg) ternary nano composites

The particle size calculated by Debye-Scherrer Equation(3-1)[167]

Where: D particle size, K Scherrer's constant equal 0.9, A wave length of x-ray
radiation source, B full width at half maximum (FWHM), 6 X-ray diffraction
angle in radians. The average particles size of synthesized g-C3N,4, Bi,Ozand NGO
(5.209, 24.972 and 6.476 nm) respectively. Binary nanocomposites (20%) g-C3N,
-Bi,03. (40%) g-CsN, -Bi,03, (60%) g-C3N4 -Bi,03,(80%) g-C3N,4 -Bi,03 (29.775,
28.306, 24.245 and 29.533 nm) respectively. Ternary nano composites are
BiCg/GO (10 mg), BiCg/GO (20 mg), BiCgo/GO (30 mg) and BiCgy/GO (40 mg)
(17.468, 18.169, 21.097 and 20.397 nm) respectively, as shown in Table (3-1).
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Table (3-1) Particle size by Debye- Scherrer equation

2 Theta | FWHM | Theta B D D (nm)
Compound (20) (1)) (0) (radians) D (nm) average In
(degree) | (degree) | (radians) (nm) references
13.9122° | 3.6678 | 0.1213 | 0.0639 | 2.169
9-CNa 579007 | 0.9633 | 02441 | 00168 | 8250 | 2209 | SA49[168]
26.1695 | 0.3035 | 0.2282 | 0.0052 | 26.654
. 27.8227° | 0.3927 | 0.2426 | 0.0068 | 20.382
Bi2Os 7335340 | 0.3554 | 02024 | 0.0061 | 22.721 | 24972 | 69:5[169]
46.7237° | 0.2685 | 0.4075 | 0.0046 | 30.131
NGO 11.1297° | 1.2312 | 0.0970 | 0.0214 | 6.476 | 6.476 7.4 [163]
(20%) 25.9262° | 0.2527 | 0.2261 | 0.0044 | 31.500
27.6620° | 0.2446 | 02412 | 0.0042 | 33.000
géci“‘g"" 33.4385 | 03484 | 02916 | 00060 | 23.100 | 2>/7° | 16:51[170]
2%3 1 465562° | 0.2532 | 0.4060 | 0.0044 | 31.500
(40%) 25.9830° | 0.2554 | 0.2266 | 0.0044 | 31.500
27.6398° | 0.2800 | 0.2410 | 0.0048 | 28.875
g'BCi“‘g“' 33.4856° | 03527 | 02920 | 00061 | 22.721 | 28306 | 19.55[170]
2-% | 465855 | 0.2686 | 0.4063 | 0.0046 | 30.131
(60%) 25.9907" | 0.3605 | 0.2266 | 0.0062 | 22.355
275718 | 0.3108 | 0.2404 | 0.0054 | 25.666
gé:i?’('\')“' 33.4077°| 04009 | 02913 | 00069 | 20087 | 24245 | 1536[170]
2-8 465265 | 0.2763 | 0.4058 | 0.0048 | 28.875
25.9758° | 0.2418 | 0.2265 | 0.0042 | 33.002
(80%) 27.5699° | 0.3615 | 0.2404 | 0.0063 22 ,
g-l??iz(N): " 3338000 | 02653 | 02911 | 00046 | 30130 | 22233 | 19-55[170]
46.6257° | 02448 | 0.4066 | 0.0042 33
25.9585 | 0.7421 | 0.2264 | 0.0129 | 10.744
BiCg/GO | 27.7880° | 1.0163 | 0.2423 | 0.0177 | 7.830 .
(10mg) | 33.1320° | 0.4039 | 0.2889 | 0.0070 | 19.800 | 1468 | This Work
46.2794° | 0.2574 | 0.4036 | 0.0044 | 31.500
25.9458° | 1.7917 | 02263 | 00312 | 4.423
BiCgo/GO | 27.6602° | 0.7209 | 0.2412 | 0.0125 | 11.088 .
(20mg) |33.3794°| 03129 | 02011 | 00054 | 25666 | 10169 | ThisWork
46.6117° | 0.2534 | 0.4065 | 0.0044 | 31.500
26.4722° | 4.0000 | 0.2308 | 0.0697 | 1.988
BiCgo/GO | 27.7770° | 0.7282 | 0.2422 | 0.0127 | 10.913 .
(30mg) | 33.4346° | 0.1921 | 0.2916 | 0.0033 a2 | 21097 | ThisWork
46.5828° | 0.2718 | 0.4063 | 0.0047 | 29.490
25.8482° | 1.2691 | 0.2254 | 0.0221 | 6.271
BiCg/GO | 27.8941° | 1.7834 | 0.2432 | 00311 | 4.456 .
(40mg) | 33.3448 | 0.3060 | 0.2908 | 0.0053 | 26451 | 20397 This Work
46,5706 | 0.1799 | 0.4061 | 0.0031 | 44.710

Note: rad = (n/180) * degree
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3.1.2 Fourier Transform Infrared Spectrophotometry (FT-IR)

The g-CsN,4 FT-IR spectra are displayed in Fig. (3-4). The breathing mode of the
heptazine ring system is assigned by the absorption band at 810.10 cm™, the
deformation mode of N-H is assigned by the absorption band at 889.18 cm™, the
stretching mode of C—N heterocycles as either trigonal C—N(-C)-C or bridging
C—NH-C units is assigned by the absorption bands in the range of 1100-1700 cm’
! and the broad bands in the range of the 3000-3700 cm™ region are assigned to
the adsorbed H,O molecules and N—H vibration [158] as shown in Table (3-2).

Table (3-2) The major peak bands of g-C3N,4

Functional Group | Wavenumber (cm™) | Functional Group | Wavenumber (cm™)

deformation mode of

N-H, O-H 3000-3700 N_H 889.18
C-N(-C)-C, L
C_NH-C 1100-1700 heptazine ring system 810.10

The FT-IR spectrum of Bi,O; as show in Fig. (3-4), the peaks at 503.42 and 542
cm* were associated with the Bi-O bending of BiOg units, while the band at
1379.10 cm™ was assigned to the Bi—O stretching modes [171]. as shown in Table
(3-3). Table (3-3) The major peak bands of Bi,O3

Functional Group | Wavenumber (cm™) | Functional Group | Wavenumber (cm™)

Bi—O bending 503.42 and 542 Bi—O stretching 1379.10

The FT-IR spectrum of nano graphene oxide (NGO) as shown in Fig. (3-4) broad
band observed at 3000-3700 cm™represents the stretching vibration of ~ -OH in
carboxylic and alcohol groups[129], peaks appeared at 1716.65 cm™and 1575.84
cm™ which can be assigned to vibration stretching C=0 of carboxylic groups and
C=C on the basal plan of NGO sheets respectively. The peaks appeared 1521.84
cm™ refers to epoxy group C-O-C as shown in Table (3-4).

Table (3-4) The major peak bands of NGO

Functional Group Wavenumber (cm™) | Functional Group | Wavenumber (cm™)
OH 3000-3700 C=C 1575.84
C=0 1716.65 C-0-C 1521.84
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Fig. (3-4) FT-IR spectrums of g-C3N4, Bi,O3 and NGO

The FT-IR spectrums of (20%) g-C3N, -Bi,O3, (40%) g-CsN,4 -Bi,Os, (60%) g-
C3N, -Bi,05 and (80%) g-CsN4 -Bi,O3 binary nano composites are shown in Fig.
(3-5). The peaks at 503.42 and 543.93 cm™ were associated with the Bi-O
vibration of BiOg units appeared in (20%) g-C3N, -Bi,O3, (40%) g-C3N4 -Bi, O3
and (60%) g-C3N4 -Bi,03) while disappeared in (80%) g-C3N,4 -Bi,O3. This is due
to the difference in synthesis rates, The breathing mode of the heptazine ring
system is assigned by the absorption band at 810.10 cm™, the deformation mode
of N-H is assigned by the absorption band at 889.18 cm™, the stretching mode of
C—N heterocycles as either trigonal C-N(—C)-C or bridging C-NH-C units is
assigned by the absorption bands in the range of 1100-1700 cm™, and the broad
bands in the range of the 3000—-3700 cm™ region are assigned to the adsorbed H,0O
molecules and N—H vibration, the peaks appeared in((40%) g-CsN, -Bi,03, (60%)
g-CsN4 -Bi,03 and (80%) g-CsN4 -Bi,O3), while the intensity of the peak is weak
in (20%) g-C3N, -Bi,O3 due to the difference in synthesis rates [158],[171] as
shown in Table (3-5).
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Table (3-5) The major peak bands of (20%) g-CsN, -Bi»O3, (40%) g- CsN, -Bi, O3, (60%)
g-C3Ny4 -Bi,03 and (80%) g-C3N4 -Bi»O3 binary nano composites

-1
Functional Group Wavenumber (cm™) | Functional Group U OET (87T
N-H, O-H 3000-3700 heptazine ring system 810.10
CNCC)C, 1100-1700 Bi-Ovibration | 503.42 and 543.93
C-NH-C
deformation mode of 889.18
N-H
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Fig. (3-5) FT-IR spectrum of (20%) g-C3N4 -Bi,O3, (40%) g-C3N,4 -Bi,03, (60%) g-C3N, -
Bi,03 and (80%) g-CsN4 -Bi»O3 binary nanocomposites

The FT-IR spectrum of BiCgo/GO(10 mg) , BiCg/GO(20 mg) , BiCgo/GO(30 mg)
and BiCgy/GO(40 mg) ternary nano composites are shown in Fig. (3-6), The
breathing mode of the heptazine ring system is assigned by the absorption band at
810.10 cm™, the deformation mode of N-H is assigned by the absorption band at
889.18 cm™, the stretching mode of C—N heterocycles as either trigonal C—N(—
C)—C or bridging C-NH-C units is assigned by the absorption bands in the range
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of 1100-1700 cm™, and broad band observed at 3000-3700 cm™ represents the
stretching vibration of -OH in carboxylic and alcohol groups and N—H vibration
as shown in Table (3-6).

Table (3-6) The major peak bands of BiCgo/GO (10 mg), BiCgo/GO (20 mg), BiCgo/GO (30
mg) and BiCgo/GO (40 mg) ternary nano composites

Functional Group

Wavenumber (cm™)

Functional Group

Wavenumber (cm™)

N-H, O-H

3000-3700

deformation mode of
N-H

889.18

C-N(C)-C,
C-NH-C

1100-1700

heptazine ring system

810.10

160 -
150 -
140 3
130
120 -
110
100 -
90
80 -
70 -
60
50
40
30

Transmittance%

10 -
0

4—asic,/co(10mg)
20 = Bic,/GO(20mg)

BiC,,/GO(30mg)

1=BiC,/GO(40mg)

I
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Fig. (3-6) FT-IR spectrum of BiCg/GO (10 mg), BiCg/GO (20 mg), BiCg/GO (30 mg) and
BiCgo/GO (40 mg) ternary nanocomposites

3.1.3 Ultraviolet-Visible Spectrophotometry

Ultraviolet—visible (UV-Vis) spectroscopy is an effective and essential technique
for the complete category of synthesized nanoparticle. The samples g-CsNy4, Bi,O3
shows an intense broader absorption peak at the wavelength 265.5 nm ,309 nm
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respectively belonging to the involvement of charge transfer transitions [160].
The visible-light absorption behavior of g-C3N, reflects the n-n* transition of the
nitrogen atom lone pair electrons of the heptazine unit [172]. The sample of NGO
shows an intense sharp absorption peak at the wavelength 253 nm and a shoulder
peak 256.5 nm which were the absorption bands corresponding to t—n* electron
transitions of poly aromatic C=C bonds and n—nx* electron transitions of C=0
bonds respectively [129] as show in Fig. (3-7).
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Wavelength (nm)
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Absorbance

T T T - <1
250 300 350 400 450
Wavelength (nm)

Fig. (3-7) Absorption spectrums of (A)g-CsN, (B) Bi»,O3 and(C) NGO

The samples of (20%) g-CsN, -Bi,Os, (40%) g-CsN, -Bi,0s, (60%) g-C3N,4 -Bi, O3
and (80%) g-CsN; -Bi,Os; binary nano composites shows an intense broader
absorption peak at the wavelength 309 nm, 309 nm ,310nm and 309 nm
respectively, there are differences in absorption between the nanocomposites. It is
noticed that the absorption wavelength of the binary nanocomposites exhibits red
shift compared to the pure g-C3N,4 as shown in Fig. (3-8).
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Fig. (3-8) Absorption spectrums of (20%) g-C3N4 -Bi,03, (40%) g-C3N4 -Bi,O3, (60%) g-
C3N;-Bi,03 and (80%) g-C3N4 -Bi,O3 binary nanocomposites

The samples of BiCg/GO (10 mg), BiCg/GO (20 mg), BiCg/GO (30 mg) and
BiCg/GO (40 mg) ternary nano composites shows an intense broader absorption
peak at the wavelength 311.5 nm, 312 nm ,308.5nm and 304.5 nm respectively,
there are differences in absorption between the nanocomposites. The absorption
wavelengths of the ternary nanocomposites exhibit red shift compared to the pure
g-CsN4 and NGO while BiCgy/GO (10 mg), BiCgy/GO (20 mg) red shift, BiCgo/GO
(30 mg) and BiCgy/GO (40 mg) shows blue shift compared to Bi,Os; as show in
Fig. (3-9).
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Fig. (3-9) Absorption spectrums of BiCgo/GO (10 mg), BiCgo/GO (20 mg), BiCgo/GO (30 mg)
and BiCgo/GO (40 mg) ternary nanocomposites

3.1.4 Photoluminescence Spectral Analysis (PL)

The PL technique is useful to reveal the migration, transfer, and recombination
process of photo-generated electron—-hole pairs in semiconductors. Therefore, the
PL spectra for; pure g-C3N4 with an excitation wavelength of 265.5 nm, Bi,0;
with an excitation wavelength of 309 nm, and NGO with an excitation
wavelength of 253 nm were obtained. The main emission peak is centered at the
range 360 nm and the other peak in 550 nm for the pure g-CsN4 sample, which
can be attributed to the band-band PL phenomenon with the energy of light
approximately equal to the band gap energy of g-C3N4 [173]. The main emission
peak is centered at 386 nm and the other peak in 623 nm for the Bi,O; sample and
357 nm for the NGO sample as shown in Fig. (3-10).
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Fig. (3-10) Photoluminescence (PL) spectra of g-C3N4, Bi,O3 and NGO

The PL spectra for (20%) g-C3N,4 -Bi,03, (40%) g-C3N,4 -BiOs, (60%) g-C3N, -
Bi,O; and (80%) g-C3;N, -Bi,Oz binary nanocomposites with an excitation
wavelength of 309 nm ,309 nm ,310 nm and 309 nm respectively were obtained.
The results are shown in Fig. (3-11) The main emission peak is centered at the

range 339 -550 nm and the other peak in 616 nm.

The PL spectra for BiCgy/GO (10 mg), BiCgo/GO (20 mg), BiCgo/GO (30 mg) and
BiCgo/GO (40 mg) ternary nanocomposites with an excitation wavelength of
311.5 nm ,312 nm ,308.5 nm and 304.5 nm respectively were obtained. The
results are shown in Fig. (3-12) The main emission peak is centered at about 328 -

550 nm and the other peak in (623,623,615 and 608nm) respectively.
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Fig. (3-11) Photoluminescence (PL) spectra of (20%) g-C3sN, -Bi,03, (40%) g-C3N4 -Bi, 03,
(60%) g-C3N4 -Bi,O3 and (80%) g-C3N, -Bi,O3 binary nanocomposites
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Fig. (3-12) Photoluminescence (PL) spectra of BiCgy/GO (10 mg), BiCgo/GO (20 mg),
BiCgo/GO (30 mg) and BiCgo/GO (40 mg) ternary nanocomposites

3.1.5 Thermogravimetric Analysis (TGA)

TGA was performed for investigating the thermal stability of the samples. For g-
C3Ny, a sharp weight loss occurred from 530 to 722 °C, which could be attributed
to the burning of g-CsN, in the form of gases, such as ammonia and hydrogen
cyanide, [143],[174]. Bi,O3; showed a sharp weight loss occurred from 370 to
800°C. For NGO, three weight loss processes, namely, from 70 to 120 °C, from
150 to 330 °C and from 350 to750 °C which could be assigned the loss of surface
absorbed water, due to the removal of oxygen functional groups and NGO burning
as shown in Fig. (3-13).

50



0 100 200 300 400 500 600 700 800

i 70°C
Serh s

150°C
= L
D 58
; L

- 9'03'?'4

0 100 200 300 400 500 600 700 800

Temperature (°C)

Fig. (3-13) Thermogravimetric analysis (TGA) of g-C3N4, Bi,O3 and NGO

For (20%) g-CsN, -Bi,O3 a sharp weight loss occurred from 400 to 600 °C, (40%)
g-CsN4 -Bi,0O3 a sharp weight loss occurred from 440 to 500 °C, (60%) g-CsN, -
Bi,03 a sharp weight loss occurred from 450 to 590 °C and (80%) g-C3N, -Bi,O3
a sharp weight loss occurred from 475 to 630 °C [160]. as shown in Fig. (3-14).
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Fig. (3-14) Thermogravimetric analysis (TGA) of (20%) g-C3N4 -Bi,O3, (40%) g-C3Ny4 —
Bi,O3, (60%) g-C3sN, -Bi»O3 and (80%) g-CsN4 -Bi,O3 binary nanocomposites

Sharp weight loss occurred for, BiCgo/GO (10 mg) at the range 450 - 655 °C,
BiCgy/GO (20 mg) at the range 485 - 640 °C, BiCgy/GO (30 mg) at the range 450 -
645 °C and BiCgo/GO (40 mg) at the range 415- 800 °C as shown in Fig. (3-15).
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Fig. (3-15) Thermogravimetric analysis (TGA) of BiCgo/GO (10 mg), BiCgo/GO (20 mg),
BiCgo/GO (30 mg) and BiCgo/GO (40 mg) ternary nanocomposites

3.1.6 Field Emission Scanning Electron Microscopy (FESEM)

The morphology of the synthesized samples was examined by FESEM analysis as
shown in Fig. (3-16) (A) FESEM images of g-C3N, ,(B) Size distribution. The
FESEM image of g-C3N, describes that it has a stacked nanosheet structure and
well matched with the literature [175], crystal size was (7.643 — 212 nm).

The EDS spectrum and elemental distribution micrographs show the presence of
C, N, and O in the g-C3N,4. The Energy Dispersive Spectroscopy (EDS) spectrum
does not show any other peaks other than the above-mentioned elements as show
in Fig. (3-17).
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Fig. (3-16) (A) FESEM images of g-C3Ny, (B) Size distribution

Spectrum 4
Element Line Type Weight % Weight % Sigma Atomic %
N K series 64.22 0.61 60.79
0 K series 1.07 0.32 0.88
C K series 34.72 0.57 38.33
Total 100.00 | | 100.00

Fig. (3-17) EDS spectrum of g-C3N,
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The FESEM image of Bi,05 the pristine exhibited a flower-like microsphere, well
matched the literature [176], crystal size was (9.667 — 417.4 nm) as shown in Fig.
(3-18) (A) FESEM images of Bi,O3,(B) Size distribution.

The EDS spectrum and the elemental distribution micrographs shows the presence
of Bi, and O in the Bi,O3. The EDS spectrum does not show any other peaks
except the above-mentioned elements, which indicates the purity of the
synthesized samples as shown in Fig. (3-19).

A B
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Particle Diameter (nm)

Spectrum 5
Element Line Type Weight % Weight % Sigma Atomic %
0 K series 14.92 0.44 69.61
Bi M series 85.08 0.44 30.39
Total | 100.00 | | 100.00

Fig. (3-19) EDS spectrum of Bi,O3
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The FESEM used to study the surface morphology of NGO as shown in Fig. (3-
20) (A) FESEM images of NGO, (B) Size distribution, the corrugation shape
observed, crystal size was (13.94 — 38.86 nm) as it was clear, low wrinkled on
NGO surface are more sensitive and shows better recovery ability [177].

The (EDS) spectrum (attached with the FESEM), used to identify the elements
involved in the NGO formation as shown in Fig. (3-21), the appearance of a peak
at energy (0.18 keV) to carbon atoms, and another peak at energy (0.5 keV) to
oxygen atoms, this evidence proved the presence of carbon and oxygen atoms
only in pure synthesized NGO. The obtained results agree well with the previous
studies [178].

28 a0 2 3 3% 38 40 42
Particle Diameter (nm)

Fig. (3-20) (A) FESEM images of NGO, (B) Size distribution

B Spectrum 1

Spectrum 1

Element Line Type Weight % Weight % Sigma Atomic %
C K series 61.57 0.30 68.04
(e] K series 38.43 0.30 31.96

Total 100.00 100.00

Fig. (3-21) EDS spectrum of NGO
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The FESEM image of (20%) g-CsN,4 - Bi,O3 binary nanocomposites as shown in
Fig. (3-22), the introduction of Bi,Os into porous g-C3N, can be seen as small
irregular particles on top of g-C3N, surface sheets [179], crystal size was (37.60 —
509.8 nm).

The EDS spectrum and elemental distribution micrographs shows only the
presence of C, N, Bi and O in the (20%) g-Cs;N, - Bi,O3; binary nanocomposite.
The EDS spectrum does not show any other peaks other than the above-
mentioned elements, which indicates the purity of the synthesized sample as show
in Fig. (3-23).

A B

200
Particle Diameter (nm)

Fig. (3-22)(A) FESEM images of (20%) g-C3N, - Bi,O3 binary nanocomposite,(B) Size
distribution

Spectrum 6
Element Line Type Weight % Atomic %
o} K series 12.26 0.44 37.54

M series

76.17

17.85

K series

7.18

29.28

K series

4.38

15.32

Total

100.00

100.00

Fig. (3-23) EDS spectrum of (20%) g-CsNy4 - Bi,O3 binary nanocomposite
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The FESEM image of (40%) g-CsN, - Bi,O3 binary nanocomposite as shown in
Fig. (3-24),the introduction of Bi,O5 into porous g-C;N,4 can be seen as small
irregular particles on top of g-C3N, surface sheets [179], crystal size was (12.32 —
339.1 nm).

The EDS spectrum and elemental distribution micrographs show the presence of

C, N, Bi and O in the (40%) g-CsN, - Bi,O3 binary Nano Composites. The EDS
spectrum does not show any other peaks than the above-mentioned elements,
which indicates the purity of the synthesized sample. The changes in the weight%
and atomic% of the elements is due to the difference of the reactant’s percentage
of the binary nanocomposite as show in Fig. (3-25).
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Fig. (3-24)(A) FESEM images of (40%) g-C3N, - Bi,O3 binary nanocomposite ,(B) Size
distribution
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Fig. (3-25) EDS spectrum of (40%) g-CsN, - Bi,O3 binary nanocomposite
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The FESEM image of (60%) g-CsN,4 - Bi,O3 binary nanocomposites as shown in
Fig. (3-26), the introduction of Bi,Os into porous g-C3N, can be seen as small

irregular particles on top of g-C3N, surface sheets [179], crystal size was (44.56 —
845.6 nm).

The EDS spectrum and elemental distribution micrographs show the presence of
C, N, Bi and O in the (60%) g-CsN,4 - Bi,O3 binary nanocomposite. The EDS
spectrum does not show any other peaks than the above-mentioned elements,
which indicates the purity of the synthesized sample. The differences in the
weight% and atomic% of the elements is due to the variance of the reactant’s
percentage of binary nanocomposites as show in Fig. (3-27).

B

Particie Diameter (nm)

Fig. (3-26)(A) FESEM images of (60%) g-C3N, - Bi,O3 binary nanocomposite,(B) Size
distribution

W Spectrum &

Spectrum 8
Element Line Type Weight % Weight % Sigma Atomic %
& K series 57.61 0.95 65.27
N K series 24.21 1.17 23.52
O K series 12.76 0.45 10.85
Bi M series 5.42 0.25 0.35
Total [ 100.00 | | 100.00

Fig. (3-27) EDS spectrum of (60%) g-C3Ny4 - Bi,O3 binary nanocomposite
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The FESEM image of (80%) g-CsN,4 - Bi,O3 binary nanocomposites as shown in
Fig. (3-28), the introduction of Bi,Os into porous g-C3N, can be seen as small

irregular particles on top of g-C3N, surface sheets [179], crystal size was (27.34 —
796.1 nm).

The EDS spectrum and elemental distribution micrographs shows only the
presence of C, N, Bi and O in the (80%) g-CsN, - Bi,O3; binary nanocomposite.
The EDS spectrum does not show any other peaks than the above-mentioned
elements, which indicates the purity of the synthesized sample. The changes in
the weight% and atomic% of the elements is due to the variance in reactant’s

percentage of the binary nanocomposite as show in Fig. (3-29).
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Fig. (3-28)(A) FESEM images of (80%) g-CsN,4 - Bi,O3 binary nanocomposite,(B) Size
distribution

Spectrum 9
Element

Line Type Weight % Weight % Sigma Atomic %

& K series 39.57 0.59 46.55

K series

48.41

0.72

48.83

K series

4.67

0.34

4.12

Bi

M series
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Fig. (3-29) EDS spectrum of (80%) g-C3Ny - Bi,O3 binary nanocomposite
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The FESEM image of BiCgy/GO (10 mg) ternary nanocomposite as shown in Fig.
(3-30), Bi,O; interference can be seen with the surface sheets of both g-C3N, and
NGO, crystal size was (39.86 — 597.9 nm).

The EDS spectrum and elemental distribution micrographs shows only the
presence of C, N, Bi and O in the BiCgy/GO (10 mg) ternary nanocomposite. The
EDS spectrum does not show any other peaks than the above-mentioned elements,
which indicates the purity of the synthesized sample. The changes in the weight%
and atomic% of the elements is due to the difference of reactant’s percentage of

the ternary nanocomposites as show in Fig. (3-31).
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Fig. (3-30)(A) FESEM images of BiCgo/GO (10 mg) ternary nanocomposite,(B) Size
distribution

Tovteretotalotonatonalonan

Spectrum 10

Element

Line Type

Weight %

Weight % Sigma

Atomic %

K series

42.71

0.68

47.93

K series

48.38

0.79

46.56

K series

6.34

0.39

5.34

Bi

M series

2.58

0.21

0.17

Total

100.00

100.00

Fig. (3-31) EDS spectrum of BiCgo/GO (10 mg) ternary nanocomposite
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The FESEM image of BiCgy/GO (20 mg) ternary nanocomposites as shown in
Fig. (3-32), Bi,O; interference can be seen with the surface sheets of both g-CsN,4
and NGO, crystal size was (21.62 — 587 nm).

The EDS spectrum and elemental distribution micrographs shows only the
presence of C, N, Bi and O in the BiCg/GO (20 mg) ternary nanocomposite. The
EDS spectrum does not show any other peaks than the above-mentioned elements,
which indicates the purity of the synthesized sample. The changes in the weight%
and atomic% of the elements is due to the difference of the reactant’s percentage

of ternary nanocomposites as show in Fig. (3-33).
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Fig.(3-32)(A) FESEM images of BiCgy/GO (20 mg) ternary nanocomposite ,(B) Size
distribution

Spectrum 11
Element Line Type Weight % Weight % Sigma Atomic %
c K series 46.53 0.79 52.09
Bi M series 3.19 0.23 0.21
N K series 45.60 0.88 43.77
0 K series 4.68 0.38 3.93
Total 100.00 | | 100.00

Fig. (3-33) EDS spectrum of BiCgo/GO (20 mg) ternary nanocomposite
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The FESEM image of BiCg/GO (30 mg) ternary nanocomposites as shown in
Fig. (3-34), Bi,0O; interference can be seen with the surface sheets of both g-CsN,
and NGO, crystal size was (27.34— 369.2 nm).

The EDS spectrum and elemental distribution micrographs shows only the
presence of C, N, Bi and O in the BiCg/GO (30 mg) ternary nanocomposite. The
EDS spectrum does not show any other peaks than the above-mentioned elements,
which indicates the purity of the synthesized sample. The changes in the weight%
and atomic% of the elements is due to the difference of the reactant’s percentage
of the ternary nanocomposites as show in Fig. (3-35).

A B

< . R

= - - b K. " s - ) * AN 20 40 0 70 &0
206 are ENT s 400w Sl A= S5 Dwte 27 May 2024

— pe R e Noge H0OKX Yoo TIAREY P l Particle Diameter (nm)

Fig. (3-34)(A) FESEM images of BiCgo/GO (30 mg) ternary nanocomposite,(B) Size

distribution
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Spectrum 12
Element Line Type Weight % Weight % Sigma Atomic %
& K series 47.81 0.75 53.05
N K series 40.86 0.88 38.88
o) K series 9.55 0.42 7.95
Bi M series 1.78 0.18 0.11
100.00 | [ 100.00

Fig. (3-35) EDS spectrum of BiCgy /GO (30 mg) ternary nanocomposite
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The FESEM image of BiCgy/GO (40 mg) ternary nano composites as shown in
Fig. (3-36), Bi,O; interference can be seen with the surface sheets of both g-C3;N,
and NGO, crystal size was (24.65— 258.7 nm).

The EDS spectrum and elemental distribution micrographs shows only the
presence of C, N, Bi and O in the BiCg/GO (40 mg) ternary nanocomposite. The
EDS spectrum does not show any other peaks than the above-mentioned elements,
which indicates the purity of the prepared sample. The changes in the weight%
and atomic% of the elements is due to the difference of the reactant’s percentage
of ternary nanocomposites as shown in Fig. (3-37).
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Fig. (3-36)(A) FESEM images of BiCgo/GO (40 mg) ternary nanocomposite,(B) Size
distribution

Spectrum 13
Element Line Type Weight % Weight % Sigma Atomic %
C K series 32.50 0.54 36.40
N K series 64.23 0.61 61.70
0 K series 2.18 0.36 1.83
Bi M series 1.09 0.18 0.07
Total | 100.00 | 100.00

Fig. (3-37) EDS spectrum of BiCgo/GO (40 mg) ternary nanocomposite
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3.2 Photocatalytic Degradation of the methylene blue (MB)

3.2.1 Photocatalytic Degradation of the MB dye by g-C3N,, Bi,O;
and NGO

Photocatalytic activity of g-CsN,4, Bi,O; and NGO was tested against MB dye.
The MB dye solution was prepared (10 mg.L™), the absorption spectrum was
obtained as shown in the Fig. (3-38) A 1,x=664.50 nm, the catalyst mixed with the
MB dye in the dark for 30 minutes before being exposure to the visible light
(Tungsten lamp 300 watt) as shown in Fig. (3-39). Plotting C/C, versus irradiation
time. The concentration of the dye when subjected to photolysis was calculated
using Eq. (3-2).

A1/C1:A2/C2 ceesee (3'2)

Where A; represents the absorbance of the dye before the photolysis and C; is the
initial concentration of the dye solution, While A, represents the absorbance of
the dye after photolysis and C, is the concentration of the dye solution measured
at different time interval during the photocatalytic reaction. Photocatalytic
degradation percentage (D%) was calculated from the Eq.

D% = (C, - C/Cy) X 100 ....... (1-4)

where, C, is the initial concentration of the dye solution and C is the
concentration of the dye solution measured at different time interval during the
photocatalytic reaction as shown in the tables (3-7), (3-8), (3-9) respectively. In
the dark the adsorption process of the dye occurred only. The degradation
efficiency D% of Bi,O3, g-C3N4, NGO was, 0.95, 93.34, and 98.335 respectively
on the MB dye solution 10 mg.L™ (g-CsN, and Bi,O3) and 100 mg.L™ for NGO in
a time period of 180 min. The results show that the degradation efficiency of
NGO> g-C3N,4 > Bi,0s.

Demethylation is the first step in the photodegradation of MB. Next, the central
aromatic ring of the molecule is broken, followed by the side aromatic rings.
Finally, the fragments from the first two steps are converted to intermediate
species, such as R-NH;", phenol, aniline, and aldehydic/carboxylate species.
Finally, these intermediates are converted to the final products, which include
CO,, H,0, SO,*", and NH," [180]. The majority of the reaction intermediates are
produced when the MB dye's aromatic ring breaks. In the end, the dye fragments
are broken down into H,O, CO,, ammonium ions, and sulfate ions via subsequent
chemical intermediates such as aldehyde, carboxylic species, phenols, and amines
[181].

65



Absorbance

0.0

2.0 1
181
16-
1.4—-
1.2-.
10-
O.8—~
0.6—-
0.4—-

0.2

245nm

292.50 nm

611nm

664.50nm

T
200

T
300

T
400

T
500

Wavelength (nm)

T
600

T
700

Fig. (3-38) Absorption spectrum of MB dye (10 mg.L™)

Table (3-7) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by g-CsN4 wt.=50 mg

(Tnm‘; Absg;@“"” sD RSD COTﬁfgt[?;'O” D% | CIC, Note

30 0.679 | x0.001732 | 0.255088 3.057 69.43 | 0.3057 | In dark

30 0.612 | 20.021071 | 3.443024 2755 72.45 | 0.2755 | Visible light
60 0.534 | £0.012124 | 2.270479 2 404 75.96 | 0.2404 | Visible light
90 0.387 | £0.012897 | 3.332565 1745 82.55 | 0.1745 | Visible light
120 | 0254 | 20001 | 0.393701 1143 88.57 | 0.1143 | Visible light
150 | 0223 | 0.001732 | 0.776704 1.004 89.96 | 0.1004 | Visible light
180 | 0148 | =0.001732 | 1.170305 0.666 93.34 | 0.0666 | Visible light

Table (3-8) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by Bi,O3 wt.=50 mg

Tlr_ne Absoiptlon sp RSD Concentrfel\tlon D% c/C, Note

(min) n=3 (mg.L™)
30 2.3250 +0.002646 0.113796 9.978 0.22 | 0.9978 In dark
30 2.3246 +0.004041 0.173856 9.976 0.24 | 0.9976 | Visible light
60 2.3230 +0.004 0.172191 9.969 0.31 | 0.9969 | Visible light
90 2.3203 +0.006506 0.280412 9.958 0.42 | 0.9958 | Visible light
120 2.3166 +0.005508 0.237744 9.942 0.58 | 0.9942 | Visible light
150 2.3086 +0.003512 0.152122 9.908 0.92 | 0.9908 | Visible light
180 2.3080 +0.004583 0.198552 9.905 0.95 | 0.9905 | Visible light
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Table (3-9) Photocatalytic degradation of MB (100 mg.L™), Vol.=50 ml by NGO wt.=50 mg

T|r_ne Absoiptlon sD RDS Concentr_al\tlon D% cic, Note
(min) n=3 (mg.L™)
30 3.4076 +0.004041 0.118601 97.332 2.668 | 0.97332 In dark
30 1.5710 +0.001 0.063654 44.872 55.128 | 0.44872 | Visible light
60 0.4010 +0.001 0.249377 11.453 88.547 | 0.11453 | Visible light
90 0.1863 +0.000577 0.309904 5.321 94.679 | 0.05321 | Visible light
120 0.1176 +0.000577 0.490944 3.359 96.641 | 0.03359 | Visible light
150 0.0780 +0.001 1.282051 2.227 97.773 | 0.02227 | Visible light
180 0.0583 +0.000577 0.990309 1.665 98.335 | 0.01665 | Visible light
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Fig, (3-39) Photocatalytic degradation efficiency of MB dye by g-C3N4, BiO3 and NGO
under visible light irradiation
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Fig, (3-40) MB dye before and after Photocatalytic degradation by (A) g-C3Ng, (B) Bi»O3
(C) NGO

3.2.2 Photocatalytic Degradation of the MB dye by g-Cs;N, -Bi,O3
binary nanocomposites

Photocatalytic activity of (20%) g-CsN, -Bi,Os, (40%) g-CsN,4 -Bi, O3, (60%) g-
C3N, -Bi,05 and (80%) g-C3N, -Bi,O5 binary nanocomposites was tested against
MB dye. The dye solution (10 mg.L™) mixed with the catalyst, placed in the dark
for 30 minutes (adsorption) of the MB dye, before being exposure to visible light
and the results are shown in Fig. (3-41). By plotting C/C, versus irradiation time,
the results shown in the table, (3-10), (3-11), (3-12) and (3-13) respectively. The
efficiency D% of (20%) g-CsN, -Bi,O3; (40%) g-C3N, -Bi,O3 (60%) g-C3N, -
Bi,Osand (80%) g-CsN, -Bi,O; was, 21.77 ,35. 4, 41.48 and 98.38 respectively in
a time period of 180 min. The best photo catalytic degradation was (80%) g-CsN,
-Bi,05; compared to the other binary nanocomposites.

Table (3-10) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by (20%) g-C3N,-
Bi203 wt.=50 mg

(Trme) Absﬁig“on SD RSD Cor(‘fﬁ;tl_ri‘;"’” D% | CIC, Note
30 19256 | +0.012583 | 0.653462 8.898 11.02 | 0.8898 | Indark
30 1.902 | +0.005 0.262881 8.789 12.11 | 0.8789 | Visible light
60 1.827 | +0.007 0.383142 8.442 1558 | 0.8442 | Visible light
90 17953 | +0.004041 | 0.225113 8.296 17.04 | 0.8296 | Visible light
120 1.753 | +0.004 0.22818 8.100 19.00 | 0.8100 | Visible light
150 | 17206 |+0.005508 | 0.320096 7.951 20.49 | 0.7951 | Visible light
180 1693 | +0.003 0.1772 7.823 21.77 | 0.7823 | Visible light
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Table (3-11) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by (40%) g-C3N,-
Bi,O3 wt.=50 mg

(Trm; Absgi‘;t'on sD RSD Co?r;eg.t[it)'on D% | CIC, Note

30 1795 | 0001732 | 0.096493 7.824 2176 | 0.7824 | Indark

30 1749|0001 0.057176 7.624 23.76 | 0.7624 | Visible light
60 1692 | £0.003464 | 0.204734 7.375 26.25 | 0.7375 | Visible light
90 1614 | £0.002 0.123916 7.035 29.65 | 0.7035 | Visible light
120 | 15626 | £0.002517 | 0.161053 6.811 31.89 | 0.6811 | Visible light
150 | 15216 | =0.001528 | 0.100389 6.632 33.68 | 0.6632 | Visible light
180 | 14820 | =0.003 0.202429 6.460 35.40 | 0.6460 | Visible light

Table (3-12) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by (60%) g-C3N,-
Bi,O3; wt.=50 mg

Time(min) | AAPsorption SD Rsp | Coneentration | o, | e Note
n=3 (mg.L™)
30 17060 | £0.001 0.058617 7334 | 26.66 | 07334 | In dark
30 16680 | £0.002 0.119904 7171 | 28.29 | 0.7171 | Visible light
60 16116 | £0.000577 | 0.035825 6.928 | 30.72 | 0.6928 | Visible light
90 15676 | 20.001528 | 0.007444 6739 | 32.61 | 0.6739 | Visible light
120 14513 | 20001155 | 0.079563 6.239 | 37.61 | 0.6239 | Visible light
150 13946 | £0.002082 | 0.149266 5995 | 40.05 | 0.5995 | Visible light
180 13613 | 20.002309 | 0.169647 5852 | 41.48 | 05852 | Visible light

Table (3-13) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by (80%) g-C3N.-

Bi203 wt.=50 mg
Time AbsoEptlon sD RSD Concentr_alltlon D% cIC, Note
(min) n=3 (mg.L™)
30 0.9023 +0.00577 0.063987 3.859 61.41 | 0.3859 In dark
30 0.6943 +0.00577 0.083156 2.969 70.31 | 0.2969 | Visible light
60 0.5043 +0.00577 0.114485 2.156 78.61 | 0.2156 | Visible light
90 0.3366 +0.00577 0.171524 1.439 85.61 | 0.1439 | Visible light
120 0.2030 +0 0 0.868 91.32 | 0.0868 | Visible light
150 0.1056 +0.00577 0.546733 0.451 95.49 | 0.0451 | Visible light
180 0.0380 +0.001 2.631579 0.162 98.38 | 0.0162 | Visible light
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Fig. (3-41) Photocatalytic degradation of MB dye by (20%) g-C3N4 -Bi»Os3, (40%) g-C3N4 —
Bi,03, (60%) g-C3N4 -Bi,03 and (80%) g-C3N4 -Bi>O3 binary nanocomposites

Fig. (3-42) MB dye before and after photocatalytic degradation by (80%) g-C3Ny4 -Bi,O3
binary nanocomposite
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3.2.3 Photocatalytic Degradation of the MB dye by novel
BiCgo/GO (x mg) ternary nanocomposites

Photocatalytic activity of BiCgo/GO (10 mg), BiCg/GO (20 mg), BiCg/GO (30
mg) and BiCgy/GO (40 mg) ternary nanocomposites was tested against MB dye.
The MB dye solution (10 mg.L™) was mixed with each catalyst, placed in the dark
for 30 minutes (adsorption) of MB dye, as shown in Fig. (3-43). By plotting C/C,
versus the irradiation time, the results are shown in the table (3-14), (3-15), (3-
16), (3-17) respectively. The degradation efficiency %D of the -catalysts,
BiCg/GO (10 mg), BiCgo/GO (20 mg), BiCgy/GO (30 mg) and BiCgy/GO (40 mg),
88.98, 97.81, 96.65 and 91.58 respectively, on the MB dye solution in a time
period of 180 min. The result shows that BiCgo/GO (20 mg) is more efficient in
terms of MB dye degradation compared to the other ternary nanocomposites.

Table (3-14) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by BiCgy/GO (10mg),

wt.=50 mg
T|r_ne Absotptlon sD RSD Concentr_a}tlon D% c/c, Note
(min) n=3 (mg.L")
30 1.1476 +0.000577 0.050309 4.891 51.09 | 0.4891 In dark
30 0.9953 +0.000577 0.058008 4.242 57.58 | 0.4242 | Visible light
60 0.8253 +0.000577 0.069956 3.517 64.83 | 0.3517 | Visible light
90 0.6966 +0.000577 0.082881 2.969 70.31 | 0.2969 | Visible light
120 0.5483 +0.001155 0.210596 2.337 76.63 | 0.2337 | Visible light
150 0.3966 +0.000577 0.145575 1.690 83.1 | 0.1690 | Visible light
180 0.2586 +0.000577 0.22326 1.102 88.98 | 0.1102 | Visible light
Table (3-15) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by BiCgy/GO (20mg),
wt.=50 mg
T|r_ne Abso[ptlon ) RSD Concentr_a}tlon D% cIc, Note
(min) n=3 (mg.L™)
30 0.9903 +0.000577 0.058301 4.257 57.43 | 0.4257 In dark
30 0.6930 +0 0 2.979 70.21 | 0.2979 | Visible light
60 0.4536 +0.000577 0.127282 1.950 80.5 0.1950 | Visible light
90 0.2813 +0.000577 0.205244 1.209 87.91 | 0.1209 | Visible light
120 0.1553 +0.000577 0.371765 0.668 93.32 | 0.0668 | Visible light
150 0.0706 +0.000577 0.817777 0.303 96.97 | 0.0303 | Visible light
180 0.0510 +0 0 0.219 97.81 | 0.0219 | Visible light
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Table (3-16) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by BiCgo/GO (30mg),

wt.=50 mg
T|r_ne Abso[ptlon ) RSD Concentr_alltlon D% c/c, Note
(min) n=3 (mg.L")
30 1.2030 +0.001 0.083126 4.880 51.2 0.4880 In dark
30 0.9503 +0.000577 0.060755 3.855 61.45 | 0.3855 | Visible light
60 0.7436 +0.000577 0.077643 3.016 69.84 | 0.3016 | Visible light
90 0.5396 +0.001528 0.283085 2.189 78.11 | 0.2189 | Visible light
120 0.3456 +0.001528 0.441992 1.402 85.98 | 0.1402 | Visible light
150 0.1790 +0.001 0.558659 0.726 92.74 | 0.0726 | Visible light
180 0.0826 +0.001528 1.849304 0.335 96.65 | 0.0335 | Visible light

Table (3-17) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml BiCg/GO (40mg),

wt.=50 mg
T|r_ne AbsoEptlon sD RSD Concentr_alltlon D% c/c, Note
(min) n=3 (mg.L™)
30 1.2973 +0.001155 0.089008 5.506 44,94 | 0.5506 In dark
30 1.1120 +0.001 0.089928 4.719 52.81 | 0.4719 | Visible light
60 0.9250 +0 0 3.926 60.74 | 0.3926 | Visible light
90 0.7390 +0 0 3.136 68.64 | 0.3136 | Visible light
120 0.5496 +0.000577 0.105049 2.332 76.68 | 0.2332 | Visible light
150 0.3756 +0.000577 0.153714 1.594 84.06 | 0.1594 | Visible light
180 0.1986 +0.000577 0.29071 0.842 91.58 | 0.0842 | Visible light
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Fig, (3-43) Photocatalytic degradation MB dye by of BiCgo/GO (10 mg), BiCgo/GO (20 mg),
BiCgo/GO (30 mg) and BiCgo/GO (40 mg) ternary nanocomposites under visible
light irradiation
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Fig. (3-44) MB dye before and after photocatalytic degradation by BiCgo/GO (20 mg)
ternary nanocomposite under visible light irradiation

3.2.4 Recycle Process

Recycle process up to two cycles and the results are shown in Fig. (3-45). In the
first cycle, (80%) g-CsN4 -Bi,O3; binary nanocomposites shows 71.154% of
photocatalytic degradation efficiency in a time period of 180 min. Then the binary
nanocomposites were separated by centrifugation, dried in oven then used for the
next cycle. In the second cycle (80%) g-CsN, -Bi,O3; binary nano composites
shows 23.608% of degradation in a time period of 180 min. Thus, the results
evidently show that the synthesized binary nanocomposites can be reused.
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Fig. (3-45) Recycle process of (80%) g-C3N4 -Bi,O3 binary nanocomposite against MB
dye for two cycles

recycle process up to tow cycles and the results are shown in Fig. (3-46). In the
first cycle, BiCg/GO (20 mg) ternary nanocomposites show 82.66% of
photocatalytic degradation efficiency in a time period of 180 min. Then the
ternary nanocomposite was separated by centrifugation, dried in oven, then used
for the next cycles. In the second cycle BiCg/GO (20 mg) ternary nano
composites shows 28.38% of degradation in a time period of 180 min. Thus, the
results evidently show that the synthesized ternary nanocomposites can be reused.
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Fig. (3-46) Recycle process of BiCgy/GO (20 mg) ternary nanocomposite against MB dye
for two cycles

3.3 Optimum Conditions of photocatalytic degradation of
MB dye

3.3.1 Effect of catalyst weight

The effect of the catalyst weight of (80%) g-CsN,4 -Bi,O3 binary nano composite
and BiCgy/GO (20 mg) ternary nanocomposite on the photocatalytic degradation
of MB dye was studied by using different weights of composites (40 ,50 and 60
mg). Photocatalytic activity of (80%) g-CsN,4 -Bi,O3 binary nanocomposite was
tested against MB dye. The dye solution (10 mg.L™), under visible light
(Tungsten lamp 300 watt) irradiation for a time period of 180 min, when the
catalyst mixed with the MB dye, placed in the dark for 30 minutes before being
exposure to visible light and the results are shown in Fig. (3-47). By plotting the
C/C, versus irradiation time which based on the results in the tables (3-18), (3-
19), (3-20) respectively. The efficiency D% of 40, 50 and 60 mg of (80%) g-C3N,
-Bi,05; was 53.653, 98.38 and 83.133 respectively in degradation the MB dye 10
ppm. This means that wt.=50mg is more efficient in terms of MB dye degradation
compared to the other weights.
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Table (3-18) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by (80%) g-CsN, -
Bi,O3 wt.=40 mg binary nanocomposite at 25°C

T|r_ne AbsoEptlon ) RSD Concentr_al\tlon D% c/c, Note

(min) n=3 (mg.L")
30 1.8706 +0.001528 0.08166 7.2307 27.696 | 0.7230 In dark
30 1.772 +0.003606 0.203474 6.8496 31.504 | 0.6849 | Visible light
60 1.637 +0.001 0.061087 6.3277 36.723 | 0.6327 | Visible light
90 1.501 +0.001732 0.115393 5.8020 41.98 | 0.5802 | Visible light
120 1.4033 +0.003215 0.229071 5.4244 45.756 | 0.5424 | Visible light
150 1.3126 +0.001528 0.116374 5.0738 49.262 | 0.5073 | Visible light
180 1.199 +0.001732 0.144458 4.6347 53.653 | 0.4634 | Visible light

Table (3-19) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by (80%) g-CsN, -
Bi,O3 wt.=50 mg binary nanocomposite at 25°C

T|r_ne AbsoEptlon ) RSD Concentr_alltlon D% c/C, Note

(min) n=3 (mg.L™)
30 0.9023 +0.000577 0.063987 3.859 61.41 | 0.3859 In dark
30 0.6943 +0.000577 0.083156 2.969 70.31 | 0.2969 | Visible light
60 0.5043 +0.000577 0.114485 2.156 78.61 | 0.2156 | Visible light
90 0.3366 +0.000577 0.171524 1.439 85.61 | 0.1439 | Visible light
120 0.2030 +0 0 0.868 91.32 | 0.0868 | Visible light
150 0.1056 +0.000577 0.546733 0.451 95.49 | 0.0451 | Visible light
180 0.0380 +0.001 2.631579 0.162 98.38 | 0.0162 | Visible light

Table (3-20) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by (80%) g-CsN, -
Bi,O; wt.=60 mg binary nanocomposite at 25°C

T|r_ne Absozptlon ) RSD Concentr_a}tlon D% c/C, Note

(min) n=3 (mg.L™)
30 1.3376 +0.000577 0.043163 5.1092 48.908 | 0.5109 In dark
30 1.2303 +0.001528 0.124159 4.6993 53.007 | 0.4699 | Visible light
60 1.0636 +0.000577 0.054283 4.0626 59.374 | 0.4062 | Visible light
90 0.9020 +0.001 0.110865 3.4453 65.547 | 0.3445 | Visible light
120 0.7616 +0.000577 0.075808 2.9090 70.91 | 0.2909 | Visible light
150 0.6063 +0.001528 0.343339 2.3158 76.842 | 0.2315 | Visible light
180 0.4416 +0.000577 0.130741 1.6867 83.133 | 0.1686 | Visible light
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Fig. (3-47) Effect of catalyst weight on photocatalytic degradation of MB dye by (80%) g-
CsNy -Bi,03 binary nanocomposite (composite weight=40, 50 and 60 mg)

Photocatalytic activity of BiCgo/GO (20 mg) ternary nanocomposites was tested
against MB dye. The dye solution (10 mg.L™), the catalyst mixed with the MB
dye solution placed in the dark for 30 minutes (adsorption) only for each
composite before being exposure to visible light and the results are shown in Fig.
(3-48). By plotting the C/C, versus irradiation time, based on the results in the
tables (3-21), (3-22), (3-23) respectively. The efficiency (D%) of variable weights
40, 50, and 60 mg of BiCgy/GO (20 mg) on degradation the MB dye 10 ppm, was
63.875, 97.81 and 85.029 respectively at time period of 180 min. This means that
wt.=50 mg is more efficient in terms of MB dye degradation compared to the

other nanocomposite catalytic weights.
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Table (3-21) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by BiCgo/GO (20 mg)
wt.=40 mg ternary nanocomposite at 25°C

Time

Absorption

Concentration

(min) n=3 SD RSD (mg.L"Y) D% C/C, Note
30 1.6003 +0.001528 0.095452 6.4789 35.211 | 0.6478 In dark
30 1.4680 +0.001 0.06812 5.9433 40.567 | 0.5943 | Visible light
60 1.3543 +0.001528 0.112791 5.4829 45.171 | 0.5482 | Visible light
90 1.2260 +0 0 4.9635 50.365 | 0.4963 | Visible light
120 1.0990 +0.000577 0.052534 44518 55.482 | 0.4451 | Visible light
150 0.9920 +0.001 0.100806 40161 59.839 | 0.4016 | Visible light
180 0.8923 +0.001155 0.129407 3.6125 63.875 | 0.3612 | Visible light

Table (3-22) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by BiCg/GO (20 mg)
wt.=50 mg ternary nanocomposite at 25°C

(Tn'{.'L‘i Absﬁ;g“on sD RSD Cor(‘r‘f;tl_r."’l‘;'o” D% | CIC, Note
30 | 09903 | £0.000577 | 0.058301 4.57 5743 | 04257 | Indark
30 | 06930 |0 0 2.979 7021 | 0.2979 | Visible light
60 | 04536 | =0.000577 | 0.127282 1.950 805 | 0.1950 | Visible light
90 | 02813 | £0.000577 | 0.205244 1.209 87.01 | 0.1209 | Visible light
120 | 01553 | 0.000577 | 0.371765 0.668 93.32 | 0.0668 | Visible light
150 | 0.0706 | £0.000577 | 0.817777 0.303 96.97 | 0.0303 | Visible light
180 | 00510 |0 0 0.219 97.81 | 0.0219 | Visible light

Table (3-23) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by BiCg/GO (20 mg)
wt.=60 mg ternary nanocomposite at 25°C

(Tr:]'?rf) Absgigt'on sD RSD Co’grﬁfgt[?};'on D% | cCiC, Note
30 | 11310 |0 0 45276 | 54724 | 04527 | Indark
30 | 09520 | +0.001 0.105042 3.8110 61.80 | 0.38L1 | Visible light
60 | 08850 | =0 0 35428 | 64572 | 0.3542 | Visible light
90 | 07653 | 0001155 | 0.150882 30564 | 69.436 | 0.3056 | Visible light
120 | 06316 | =0.001155 | 0.182821 25284 | 74.716 | 0.2528 | Visible light
150 | 04963 | £0.000577 | 0.116331 19867 | 80.133 | 0.1986 | Visible light
180 | 03740 | %0 0 14971 | 85.029 | 0.1497 | Visible light
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Fig. (3-48) Effect of catalyst weight on photocatalytic degradation of MB dye by BiCgo/GO
(20 mg) ternary nanocomposite (composite weight=40, 50 and 60 mg)

3.3.2 Effect of the MB dye concentration

Studying the effect of the concentration of MB dye on the photo catalytic
degradation on to (80%) g-CsN; -Bi,Os; binary nanocomposite and novel
BiCgo/GO (20 mg) ternary nanocomposite was studied by using different
concentration of MB dye solution (5,10 and 15 mg.L™).

Photocatalytic activity of (80%) g-CsN,4 -Bi,O3 binary nanocomposites was tested
against MB dye. The dye solution was prepared at concentrations (5,10 and 15
mg.L™), under visible light (Tungsten lamp 300 watt) irradiation for a time period
of 180 min. The catalyst mixed with the MB dye placed in the dark for 30 minutes
(adsorption) before being exposure to visible light and the results are shown in
Fig. (3-49). Plotting C/C, versus irradiation time, based on the results in the tables
(3-24), (3-25), (3-26) respectively. The efficiency D% of (80%) g-CsN, -Bi,Os
(50 mg) at variable concentrations (5, 10 and 15 mg.L™) of MB dye solution was,
98.022, 98.38 and 66.582 respectively in a time period of 180 min. This means
that the degradation efficient (80%) g-CsN, -Bi,O; of MB dye at 5 mg.L™ is
better than 10 mg.L™" and 15 mg.L™ during irradiation time 180 min.
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Table (3-24) Photocatalytic degradation of MB(5 mg.L™), Vol.=50 ml by (80%) g-CsN, -Bi,Os3
wt.=50 mg binary nanocomposite at 25°C

T|r_ne AbsoEptlon sD RSD Concentr_eitlon D% cic, Note

(min) n=3 (mg.L™")
30 0.2493 +0.000577 0.231589 1.0915 78.17 | 0.2183 In dark
30 0.1220 +0.001 0.819672 0.5341 89.317 | 0.1068 | Visible light
60 0.0693 +0.002082 3.003847 0.3034 93.932 | 0.0606 | Visible light
90 0.0320 +0.001 3.125 0.1401 97.198 | 0.0280 | Visible light
120 0.0290 +0 0 0.1269 97.461 | 0.0253 | Visible light
150 0.0266 +0.000577 2.17049 0.1164 97.671 | 0.0232 | Visible light
180 0.0226 +0.000577 2.554647 0.0989 98.022 | 0.0197 | Visible light

Table (3-25) Photo catalytic degradation of MB (10 mg.L™), Vol.=50 ml by (80%) g-C3N, -
Bi,O; wt.=50 mg binary nanocomposite at 25°C

T|r_ne AbsoEptlon sD RSD Concentr_alltlon D% c/c, Note

(min) n=3 (mg.L™)
30 0.9023 +0.000577 0.063987 3.859 61.41 | 0.3859 In dark
30 0.6943 +0.000577 0.083156 2.969 70.31 | 0.2969 | Visible light
60 0.5043 +0.000577 0.114485 2.156 78.61 | 0.2156 | Visible light
90 0.3366 +0.000577 0.171524 1.439 85.61 | 0.1439 | Visible light
120 0.2030 +0 0 0.868 91.32 | 0.0868 | Visible light
150 0.1056 +0.000577 0.546733 0.451 95.49 | 0.0451 | Visible light
180 0.0380 +0.001 2.631579 0.162 98.38 | 0.0162 | Visible light

Table (3-26) Photo catalytic degradation of MB (15 mg.L™), Vol.=50 ml by (80%) g-CsN, -
Bi,O3 wt.=50 mg binary nanocomposite at 25°C

Time

Absorption

Concentration

(min) n=3 SD RSD (mg.L'l) D% C/C, Note

30 1.719 +0.001 0.058173 9.4589 36.941 | 0.6305 In dark

30 1.637 +0.002 0.122175 9.0077 39.949 | 0.6005 | Visible light
60 1.488 +0.002 0.134409 8.1878 45.415 | 0.5458 | Visible light
90 1.358 +0.001 0.073638 7.4724 50.184 | 0.4981 | Visible light
120 1.213 +0 0 6.6746 55.503 | 0.4449 | Visible light
150 1.064 +0.001155 0.108494 5.8563 60.958 | 0.3904 | Visible light
180 0.911 +0.001 0.109769 5.0128 66.582 | 0.3341 | Visible light
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Fig. (3-49) Effect of MB dye concentrations on photocatalytic degradation by (80%) g-C3N4
-Bizofz, wt.=50 mg binary nanocomposite (MB dye concentration =5,10 and 15
mg.L™)

Photocatalytic activity of novel BiCg/GO (20 mg) ternary nanocomposites was
tested against MB dye. The dye solution prepared at the concentrations (5,10 and
15 mg.L™), under visible light (Tungsten lamp 300 watt) irradiation for a time
period of 180 min. The catalyst mixed with the MB dye solution placed in the
dark for 30 minutes (adsorption) before being exposure to the visible light, the
results are shown in Fig. (3-50). Plotting C/C, versus irradiation time, based on
the results in the tables (3-27), (3-28), (3-29) respectively. The D% efficiency of
BiCg/GO (20 mg) on variable concentrations of MB solution, 5, 10 and 15 mg.L™
were 98.514, 97.81 and 66.967 respectively at time period of 180 min. This means
that the degradation efficient of BiCg/GO (20 mg) on MB dye at a (5 mg.L™) is
slightly better than (10 mg.L™) and significantly better than(15 mg.L™).
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Table (3-27) Photocatalytic degradation of MB (5 mg.L™), Vol.=50 ml by BiCg/GO (20 mg),
wt.=50 mg ternary nanocomposite at 25°C

T|r_ne AbsoEptlon sD RSD Concentr_al\tlon D% c/c, Note

(min) n=3 (mg.L")
30 0.260 +0.001 0.384615 1.0734 78.531 | 0.2146 In dark
30 0.169 +0.001 0.591716 0.6977 86.045 | 0.1395 | Visible light
60 0.096 +0 0 0.3963 92.073 | 0.0792 | Visible light
90 0.056 +0.000577 1.020053 0.2336 95.327 | 0.0467 | Visible light
120 0.034 +0 0 0.1403 97.193 | 0.0280 | Visible light
150 0.031 +0 0 0.1279 97.441 | 0.2558 | Visible light
180 0.018 +0 0 0.0743 98.514 | 0.0148 | Visible light

Table (3-28) Photo catalytic degradation of MB (10 mg.L™), Vol.=50 ml by BiCg/GO (20 mg)
wt.=50 mg ternary nanocomposite at 25°C

T|r_ne AbsoEptlon sD RSD Concentr_alltlon D% c/c, Note

(min) n=3 (mg.L™)
30 0.9903 +0.000577 0.058301 4.257 57.43 | 0.4257 In dark
30 0.6930 +0 0 2.979 70.21 | 0.2979 | Visible light
60 0.4536 +0.000577 0.127282 1.950 80.5 0.1950 | Visible light
90 0.2813 +0.000577 0.205244 1.209 87.91 | 0.1209 | Visible light
120 0.1553 +0.000577 0.371765 0.668 93.32 | 0.0668 | Visible light
150 0.0706 +0.000577 0.817777 0.303 96.97 | 0.0303 | Visible light
180 0.0510 +0 0 0.219 97.81 | 0.0219 | Visible light

Table (3-29) Photo catalytic degradation of MB (15 mg.L™), Vol.=50 ml by BiCg/GO (20 mg)
wt.=50 mg ternary nanocomposite at 25°C

Time

Absorption

Concentration

(min) n=3 SD RSD (mg.L") D% C/C, Note

30 1.6930 +0.001 0.059067 9.4510 36.993 | 0.6301 In dark

30 1.5736 +0.001528 0.097072 8.7845 41.437 | 0.5856 | Visible light
60 1.4563 +0.001528 0.104891 8.1296 45.803 | 0.5419 | Visible light
90 1.3000 +0 0 7.2571 51.619 | 0.4838 | Visible light
120 1.1676 +0.000577 0.049448 6.5180 56.547 | 0.4345 | Visible light
150 1.0436 +0.000577 0.055323 5.8258 61.162 | 0.3883 | Visible light
180 0.8887 +0.57735 0.000650 4.9549 66.967 | 0.3303 | Visible light
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Fig. (3-50) Effect of MB dye concentration on photocatalytic degradation of BiCgo/GO (20
mg) ternary nanocomposite, (MB dye concentration =5,10 and 15 mg.L™)

3.3.3 Effect of Temperature

Studying the effect of the temperature on the photo catalytic degradation MB dye
on to (80%) g-CsN, -Bi,O3 binary nanocomposite and novel BiCg/GO (20 mg)
ternary nanocomposite by using different temperatures (25 ,35 and 40 °C).
Photocatalytic activity of (80%) g-CsN,4 -Bi,O3 binary nanocomposites was tested
against MB dye. The visible light (Tungsten lamp 300 watt) above the dye
solution 10 ppm, irradiation for a time period of 180 min, the catalyst mixed with
the MB dye, placed in the dark for 30 minutes (adsorption) before being exposure
to the visible, the results are shown in Fig. (3-51). Plotting the C/C, versus and
irradiation time based on the results in the tables (3-30), (3-31), (3-32)
respectively, MB10 mg.L™, catalyst wt.=50 mg. The efficiency D% of (80%) g-
C3N, -Bi,05 for the degradation the MB dye 10 mg.L™, at temperature, 25°C, 35
and 40°C were, 98.38, 95.249 and 95.201respectively in a time period of 180 min.
This means that the degradation of MB dye at temperature 25°C is better than a
35°C and 40°C.
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Table (3-30) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by (80%) g-C3N, -
Bi,O3 wt.=50 mg binary nanocomposite at 25°C

T|r_ne AbsoEptlon ) RSD Concentr_al\tlon D% cic, Note

(min) n=3 (mg.L")
30 0.9023 +0.00577 0.063987 3.859 61.41 | 0.3859 In dark
30 0.6943 +0.00577 0.083156 2.969 70.31 | 0.2969 | Visible light
60 0.5043 +0.00577 0.114485 2.156 78.61 | 0.2156 | Visible light
90 0.3366 +0.00577 0.171524 1.439 85.61 | 0.1439 | Visible light
120 0.2030 +0 0 0.868 91.32 | 0.0868 | Visible light
150 0.1056 +0.00577 0.546733 0.451 95.49 | 0.0451 | Visible light
180 0.0380 +0.001 2.631579 0.162 98.38 | 0.0162 | Visible light

Table (3-31) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by (80%) g-CsN, -
Bi,Os; wt.=50 mg binary nanocomposite at 35°C

Tlme AbsoEptlon sD RSD Concentr_alltlon D% c/c, Note

(min) n=3 (mg.L™)
30 0.8703 +0.002309 0.265357 4.2063 57.937 | 0.4206 In dark
30 0.6953 +0.166072 0.166072 3.3605 66.395 | 0.3361 | Visible light
60 0.5450 +0 0 2.6341 73.659 | 0.2634 | Visible light
90 0.4343 +0.00577 0.132938 2.0990 79.01 | 0.2099 | Visible light
120 0.2740 +0 0 1.3243 86.757 | 0.1324 | Visible light
150 0.1760 +0.001 0.568182 0.8506 91.494 | 0.0851 | Visible light
180 0.0983 +0.00577 0.587335 0.4751 95.249 | 0.0475 | Visible light

Table (3-32) Photocatalytic degradation of MB (10 mg.L™), Vol.=50 ml by (80%) g-C3N, -
Bi,O3 wt.=50 mg binary nanocomposite at 40°C

(Tmf) Absﬁig“o” SD RSD Cor(‘fnegtl_r."’};'on D% | CIC, Note
30 0.9870 | %0 0 47089 | 52911 | 04708 | Indark
30 0.8230 | £0.001 0.121507 3.9265 | 60.735 | 0.3926 | Visible light
60 0.6146 | +0.001155 | 0.187878 2.9322 | 70.678 | 0.2932 | Visible light
90 05196 | £0.002676 | 0515096 2.4790 7521 | 0.2479 | Visible light
120 | 0.2886 | 0.00577 | 0.200052 13769 | 86.231 | 0.1376 | Visible light
150 | 0.770 | 0,001 0.564972 0.8444 | 91556 | 0.0844 | Visible light
180 | 0006 | +0.00577 | 0.573907 04799 | 95.201 | 0.0479 | Visible light
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Fig. (3-51) Effect of temperature on photocatalytic degradation of MB (10 mg.L™) by (80%) g-
CsN4 -Bi,O3 binary nanocomposite at 25,35 and 40°C

Photocatalytic activity of BiCg/GO (20 mg) ternary nanocomposites was tested
against MB dye. The visible light (Tungsten lamp 300 watt) above the dye
solution 5 ppm, irradiation for a time period of 180 min, the catalyst mixed with
the MB dye, placed in the dark for 30 minutes (adsorption) before being exposure
to the visible, the results are shown in Fig. (3-52). Plotting the C/C, versus and
irradiation time based on the results in the tables (3-33), (3-34), (3-35)
respectively, MB 5 mg.L™, catalyst wt.=50 mg. The efficiency D% of BiCg/GO
(20 mg) for the degradation MB dye 5 mg.L™, at temperature, 25°C, 35 and 40°C
were, 98.514, 97.762 and 97.994 respectively in a time period of 180 min. This
means that the degradation of MB dye at temperature 35°C is better than a 25°C
and 40°C.
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Table (3-33) Photocatalytic degradation of MB(5 mg.L™), Vol.=50 ml by BiCg/GO (20 mg),
wt.=50 mg ternary nanocomposite at 25°C

T|r_ne AbsoEptlon sD RSD Concentr_al\tlon D% c/c, Note

(min) n=3 (mg.L")
30 0.260 +0.001 0.384615 1.0734 78.531 | 0.2146 In dark
30 0.169 +0.001 0.591716 0.6977 86.045 | 0.1395 | Visible light
60 0.096 +0 0 0.3963 92.073 | 0.0792 | Visible light
90 0.056 +0.000577 1.020053 0.2336 95.327 | 0.0467 | Visible light
120 0.034 +0 0 0.1403 97.193 | 0.0280 | Visible light
150 0.031 +0 0 0.1279 97.441 | 0.2558 | Visible light
180 0.018 +0 0 0.0743 98.514 | 0.0148 | Visible light

Table (3-34) Photocatalytic degradation of MB(5 mg.L™), Vol.=50 ml by BiCgy/GO (20 mg)
wt.=50 mg ternary nanocomposite at 35°C

Tlme AbsoEptlon ) RSD Concentr_alltlon D% c/c, Note

(min) n=3 (mg.L")
30 0.1830 +0.000346 0.18929 0.7980 84.04 | 0.1596 In dark
30 0.1116 +0.000577 0.517339 0.4806 90.388 | 0.0961 | Visible light
60 0.0503 +0.000577 1.147814 0.2166 95.668 | 0.0433 | Visible light
90 0.0446 +0.000577 1.294507 0.1920 96.16 | 0.0384 | Visible light
120 0.0276 +0.000577 2.091849 0.1188 97.624 | 0.0237 | Visible light
150 0.0263 +0.000577 2.195248 0.1132 97.736 | 0.0226 | Visible light
180 0.0260 +0 0 0.1119 97.762 | 0.0223 | Visible light

Table (3-35) Photo catalytic degradation of MB(5 mg.L™), Vol.=50 ml by BiCg/GO (20 mg)
wt.=50 mg ternary nanocomposite at 40°C

Tlme Absozptlon ) RSD Concentr_a}tlon D% c/C, Note

(min) n=3 (mg.L™)
30 0.1957 +0.002 1.021972 0.8747 82.505 | 0.1749 In dark
30 0.0966 +0.001155 1.195342 0.4289 91.421 | 0.0857 | Visible light
60 0.0486 +0.000577 1.187964 0.2158 95.684 | 0.0431 | Visible light
90 0.0400 +0.001 2.5 0.1776 96.448 | 0.0355 | Visible light
120 0.0246 +0.000577 2.346952 0.1092 97.816 | 0.0218 | Visible light
150 0.0233 +0.000577 2.477898 0.1034 97.932 | 0.0206 | Visible light
180 0.0226 +0.000577 2.554647 0.1003 97.994 | 0.0201 | Visible light

86




0.25
| Dark |Light —=—25°C
—e—35°C
0.15 1
L\)O
O 0.10 4
0.05
0.00
T y T T L T T v | | J T v
-30 0 30 60 90 120 150 180
Irradiation time (min)

Fig. (3-52) Effect of temperature on photocatalytic degradation of MB by BiCgo/GO (20 mg)
ternary nanocomposite at 25,35 and 40°C

3.3.4 Effect of pH

The effect of pH on the photocatalytic degradation of MB dye by, (80%) g-C3Nj, -
Bi,05 binary nanocomposite and BiCg/GO (20 mg) ternary nanocomposite at pH
range (2-14) was studied. The absorption spectrums of MB dye without catalyst
were measured as shown in the Fig. (3-53).
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Fig. (3-53) Absorption spectrums of MB dye (10 mg.L™) at pH 2-14

Photocatalytic activity of (80%) g-CsN, -Bi,Oz (50 mg) binary nanocomposite
was tested against MB dye, the dye solution (10 mg.L™), under visible light
(Tungsten lamp 300 watt) irradiation for a time period of 180 min, in the
beginning the catalyst mixed with the MB dye solution in the dark for 30 minutes
(adsorption) only before being exposure to visible light; in order to find out the
effect of pH on the MB degradation, results are shown in Fig. (3-54). Plotting the
C/C, versus irradiation time which based on the results in the tables (3-36), (3-
37), (3-38), (3-39), (3-40), (3-41), (3-42) respectively, at MB concentration 10
mg.L™, catalyst wt.=50mg at 25°C The efficiency D% of (80%) g-C3N, -Bi,O3 for
the degradation the MB dye, at pH=2, 4, 6, 8, 10, 12 and 14 in the order 73.856,
94.784, 95.548, 94.589, 96.311, 99.038 and 98.492 respectively. This means that
the degradation efficiency of (80%) g-Cs;N, -Bi,O3 binary nanocomposite for MB
dye at pH=14 is the best because it took minimum degradation time 30 min. under
visible light.
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Table (3-36) Photocatalytic degradation of MB (10 mg.L™) at pH= 2, Vol.=50 ml by (80%) g-
C3N, -Bi»O3 wt.=50 mg binary nanocomposite at 25°C

Tlme AbsoEptlon sD RSD Concentr_al\tlon D% c/c, Note

(min) n=3 (mg.L")
30 0.6920 +0 0 3.2656 67.344 | 0.3265 In dark
30 0.6906 +0.000577 | 0.08360125 3.2590 67.41 | 0.3259 | Visible light
60 0.6746 +0.000577 | 0.0855840 3.1835 68.165 | 0.3183 | Visible light
90 0.6476 +0.000577 | 0.08915229 3.0561 69.439 | 0.3056 | Visible light
120 0.6260 +0 0 2.9542 70.458 | 0.2954 | Visible light
150 0.5976 +0.000577 | 0.09661149 2.8201 71.799 | 0.2820 | Visible light
180 0.5540 +0 0 2.6144 73.856 | 0.2614 | Visible light

Table (3-37) Photocatalytic degradation of MB (10 mg.L™) at pH= 4, Vol.=50 ml by (80%) g-
CsN4 -Bi,O3 wt.=50 mg binary nanocomposite at 25°C

T|r_ne AbsoEptlon sD RSD Concentr_alltlon D% c/c, Note

(min) n=3 (mg.L™)
30 0.4730 +0.000513 0.108491 2.6265 73.735 | 0.2626 In dark
30 0.4616 +0.000577 0.545193 2.5615 74.385 | 0.2561 | Visible light
60 0.3256 +0.002517 0.177319 1.8068 81.932 | 0.1806 | Visible light
90 0.2630 +0.001 0.380228 1.4594 85.406 | 0.1459 | Visible light
120 0.1990 +0.001 0.502513 1.1043 88.957 | 0.1104 | Visible light
150 0.1496 +0.000577 0.385929 0.8301 91.699 | 0.0830 | Visible light
180 0.0940 +0 0 0.5216 94.784 | 0.0521 | Visible light

Table (3-38) Photocatalytic degradation of MB (10 mg.L™) at pH= 6, Vol.=50 ml by (80%) g-
CsN4 -Bi,O3 wt.=50 mg binary nanocomposite at 25°C

Tlme Absozptlon ) RSD Concentr_a}tlon D% c/c, Note

(min) n=3 (mg.L™)
30 0.529 +0.000577 0.109078 2.6597 73.403 | 0.2659 In dark
30 0.407 +0.001 0.2457 2.0452 79.548 | 0.2045 | Visible light
60 0.329 +0 0 1.6532 83.468 | 0.1653 | Visible light
90 0.239 +0.000577 0.241266 1.2025 87.975 | 0.1202 | Visible light
120 0.173 +0 0 0.8693 91.307 | 0.0869 | Visible light
150 0.114 +0.001 0.877193 0.5728 94.272 | 0.0572 | Visible light
180 0.088 +0.000577 0.651637 0.4452 95.548 | 0.0445 | Visible light
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Table (3-39) Photocatalytic degradation of MB (10 mg.L™) at pH= 8, Vol.=50 ml by (80%) g-
C3N, -Bi»O3 wt.=50 mg binary nanocomposite at 25°C

Time

Absorption

Concentration

. _ SD RSD 1 D% C/C, Note
(min) n=3 (mg.L™")
30 0.6756 +0.000577 0.085457 3.4663 65.337 | 0.3466 In dark
30 0.5363 +0.001155 0.215309 2.7516 72.484 | 0.2751 | Visible light
60 0.4300 +0 0 2.2062 77.938 | 0.2206 | Visible light
90 0.3510 +0.001 0.2849 1.8009 81.991 | 0.1801 | Visible light
120 0.2523 +0.000577 0.228835 1.2945 87.055 | 0.1294 | Visible light
150 0.1740 +0.001 0.574713 0.8927 91.073 | 0.0892 | Visible light
180 0.1053 +0.001528 1.450641 0.5402 94.598 | 0.0540 | Visible light

Table (3-40) Photocatalytic degradation of MB (10 mg.L™) at pH= 10, VVol.=50 ml by (80%) g-
CsN4 -Bi,O3 wt.=50 mg binary nanocomposite at 25°C

Tlme AbsoEptlon sD RSD Concentr_alltlon D% c/c, Note

(min) n=3 (mg.L™)
30 0.5930 +0.001732 0.292083 3.2036 67.964 | 0.3203 In dark
30 0.4473 +0.001539 0.344172 2.4165 75.835 | 0.2416 | Visible light
60 0.3036 +0.001155 0.380336 1.6401 83.599 | 0.1640 | Visible light
90 0.1896 +5.77E-05 0.030451 1.0243 89.757 | 0.1024 | Visible light
120 0.1120 +0.002 1.785714 0.6050 93.95 | 0.0605 | Visible light
150 0.0806 +0.000577 0.716315 0.4354 95.646 | 0.0435 | Visible light
180 0.0683 +0.000577 0.845315 0.3689 96.311 | 0.0368 | Visible light

Table (3-41) Photocatalytic degradation of MB (10 mg.L™) at pH= 12, VVol.=50 ml by (80%) g-
CsN, -Bi»O3 wt.=50 mg binary nanocomposite at 25°C

Time

Absorption

Concentration

. _ SD RSD 1 D% CIC, Note
(min) n=3 (mg.L™)
30 0.1283 +0.002517 1.961505 0.7714 92.286 | 0.0771 In dark
30 0.0880 +0.003 3.409091 0.5291 94.709 | 0.0529 | Visible light
60 0.0826 +0.001155 1.397943 0.4966 95.034 | 0.0496 | Visible light
90 0.0300 +0 0 0.1803 98.197 | 0.0180 | Visible light
120 0.0160 +0.001732 10.82532 0.0962 99.038 | 0.0096 | Visible light

Table (3-42) Photocatalytic degradation of MB (10 mg.L™) at pH= 14, VVol.=50 ml by (80%) g-
CsN4 -Bi»O3 wt.=50 mg binary nanocomposite at 25°C

Time

Absorption

Concentration

(min) n=3 SD RSD (mg.L™Y) D% C/C, Note
30 0.0566 +0.004619 8.160428 0.4008 95.992 | 0.0401 In dark
30 0.0213 +0.000577 2.710565 0.1508 98.492 | 0.0151 | Visible light
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Fig. (3-54) Effect of pH (2-14) on photocatalytic degradation of MB dye 10 mg.L™, by (80%)
g-C3Ny -Bi,03 (50 mg) binary nanocomposite

Photocatalytic activity of BiCgy/GO(20 mg) ternary nanocomposite (50 mg) was
tested against MB dye, the dye solution (10 mg.L™), under visible light (Tungsten
lamp 300 watt) irradiation for a time period of 180 min, in the beginning the
catalyst mixed with the MB dye solution in the dark for 30 minutes (adsorption)
only before being exposure to visible light; in order to find out the effect of pH on
the MB degradation, results are shown in Fig. (3-55). Plotting the C/C, versus
irradiation time which based on the results in the tables (3-43), (3-44), (3-45), (3-
46), (3-47) and (3-48) respectively, at MB concentration 10 mg.L™, catalyst
wt.=50mg, temperature25°C.

The efficiency D% of BiCg/GO (20 mg) for the degradation the MB dye, at
pH=2, 4, 6, 8, 10 and12 was in the order 84.371, 84.933, 96.022, 99.133, 97.925
and 99.541 respectively. This means that the degradation efficiency of BiCgo/GO
(20 mg) ternary nanocomposites on MB dye at pH=12 is the best, while it was
100% at pH =14 in the dark, adsorption only.
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Lower pH (acidic) causes less MB molecules adsorption on the photocatalyst
surface because H”, the dominating species, competes with the cationic MB dye.
The reaction between the ‘OH and MB is lessened because MB does not adsorb
on the photocatalyst surface. Higher pH values prevent OH and MB from
competing because OH" will be repelled by the negatively charged surface of the
photocatalyst and will persist in the mixture in significant amounts [101],[102].

Table (3-43) Photocatalytic degradation of MB (10 mg.L™) at pH= 2, Vol.=50 ml by
(BiCgo/GO-20 mg), wt.=50 mg ternary nanocomposite at 25°C

Tlme AbsoEptlon sD RSD Concentrfalltlon D% c/c, Note
(min) n=3 (mg.L™)
30 0.6176 +0.001528 0.247332 2.8592 71.408 | 0.2859 In dark
30 0.5566 +0.000577 0.103728 2.5768 74.232 | 0.2576 | Visible light
60 0.5110 +0.001 0.195695 2.3657 76.343 | 0.2365 | Visible light
90 0.4670 +0 0 2.1620 78.38 | 0.2162 | Visible light
120 0.4106 +0.000577 0.140611 1.9009 80.991 | 0.1901 | Visible light
150 0.3746 +0,001 0.266951 1.7342 82.658 | 0.1734 | Visible light
180 0.3376 +0.000577 0.171016 1.5629 84.371 | 0.1563 | Visible light
Table (3-44) Photocatalytic degradation of MB (10 mg.L™) at pH= 4, Vol.=50 ml by
(BiCgo/GO-20 mg), wt.=50 mg ternary nanocomposite at 25°C
Tlme Absor_ptlon ) RSD Concentr_a}tlon D% c/c, Note
(min) n=3 (mg.L™)
30 0.9540 +0.001 0.104822 45777 54.223 | 0.4577 In dark
30 0.8436 +0.000577 0.068439 4.0479 59.521 | 0.4047 | Visible light
60 0.6880 +0 0 3.3013 66.987 | 0.3301 | Visible light
90 0.6006 +0.000577 0.096129 2.8819 71.181 | 0.2881 | Visible light
120 0.5030 +0.001 0.198807 2.4136 75.864 | 0.2413 | Visible light
150 0.4150 +0 0 1.9913 80.087 | 0.1991 | Visible light
180 0.3140 +0 0 1.5067 84.933 | 0.1506 | Visible light
Table (3-45) Photocatalytic degradation of MB (10 mg.L™) at pH= 6, Vol.=50 ml by
(BiCgo/GO-20 mg), wt.=50 mg ternary nanocomposite at 25°C
Tlme Abso[ptlon sD RSD Concentr_alltlon D% cic, Note
(min) n=3 (mg.L™)
30 0.6900 +0.001 0.144928 3.4311 65.689 | 0.3431 In dark
30 0.5686 +0.001528 0.268647 2.8274 71.726 | 0.2827 | Visible light
60 0.4450 +0 0 2.2128 77.726 | 0.2212 | Visible light
90 0.3296 +0.000577 0.175167 1.6389 83.611 | 0.1638 | Visible light
120 0.2443 +0.000577 0.236328 1.2148 87.852 | 0.1214 | Visible light
150 0.1493 +0.000577 0.386705 0.7424 92.576 | 0.0742 | Visible light
180 0.0800 +0.002646 3.307189 0.3978 96.022 | 0.0397 | Visible light
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Table (3-46) Photocatalytic degradation of MB (10 mg.L™) at pH= 8, Vol.=50 ml by
(BiCgo/GO-20 mg), wt.=50 mg ternary nanocomposite at 25°C

Time

Absorption

Concentration

(min) n=3 SD RSD (mg.L") D% CIC, Note
30 0.358 +0.003 0.837989 1.8274 81.726 | 0.1827 In dark
30 0.225 +0.001 0.444444 1.1485 88.515 | 0.1148 | Visible light
60 0.163 +0.001528 0.93541 0.8335 91.665 | 0.0833 | Visible light
90 0.107 +0.001 0.934579 0.05461 94.539 | 0.0546 | Visible light
120 0.065 +0.001 1.538462 0.3318 96.682 | 0.0331 | Visible light
150 0.031 +0.001 3.225806 0.1582 98.418 | 0.0158 | Visible light
180 0.017 +0.001 5.882353 0.0867 99.133 | 0.0086 | Visible light
Table (3-47) Photocatalytic degradation of MB (10 mg.L™) at pH= 10, Vol.=50 ml by
(BiCgo/GO-20 mg), wt.=50 mg ternary nanocomposite at 25°C
(Trerr?) Absﬁ;g“on sD RSD Cor(‘r‘f;tl_r."’l‘;'o” D% | CIC, Note
30 0.4703 +0.005033 1.070215 2.5954 74.046 | 0.2595 In dark
30 0.3293 +0.001155 0.350653 1.8173 81.827 | 0.1817 | Visible light
60 0.2323 +0.000577 0.248536 1.2820 87.18 | 0.1282 | Visible light
90 0.1776 +0.001528 0.860093 0.9801 90.199 | 0.0980 | Visible light
120 0.1280 +0 0 0.7064 92.936 | 0.0706 | Visible light
150 0.0720 +0 0 0.3973 96.027 | 0.0397 | Visible light
180 0.0376 +0.000577 1.535506 0.2075 97.925 | 0.0207 | Visible light
Table (3-48) Photocatalytic degradation of MB (10 mg.L™) at pH= 12, Vol.=50 ml by
(BiCgo/GO-20 mg), wt.=50 mg ternary nanocomposite at 25°C
Ir;:“rf) Absg;g“o” SD RSD Co’grcrfgtl_rﬂ;'on D% | cIC, Note
30 0.1363 +0.001528 1.120708 0.7824 92.176 | 0.07824 In dark
30 0.1003 | +0.003786 | 3.774615 0.5757 94.243 | 0.05757 | Visible light
60 0.0760 +0.001 1.315789 0.4362 95.638 | 0.04362 | Visible light
90 0.0493 +0.000577 1.171096 0.2830 97.17 | 0.02830 | Visible light
120 0.0080 +0 0 0.0459 99.541 | 0.00459 | Visible light
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Fig. (3-55) Effect of the pH (2-14) on the photocatalytic degradation of MB dye by
(BiCgo/GO-20 mg) ternary nanocomposite

The obtained optimum conditions for the best efficient (80%) g-C3N, -Bi,0O5 are
(catalyst weight =50 mg, dye concentration= 5 mg.L™, temperature= 25°C, pH
=14), while the optimum conditions for ternary nanocomposites BiCg/GO (20
mg) are (catalyst weight =50 mg, dye concentration=5 mg.L™, temperature =
35°C, pH=12).

3.4 Energy Gap

The indirect optical band gap is calculated by plotting the value of (ahv)" (y-

axis) as a function of hv (x-axis) and extrapolating the straight line portion to
(ahv)¥? =0 .The band gap of g-C3N, was 2.60eV as shown in the Fig.(3-56), It
was 2.7eV in the previous studies [158] . The band gap of Bi,O; was 3.24eV as
shown in the Fig.(3-57), in the previous studies was 2.82eVV[160] . The band gap
of NGO was about 4.47eV as shows in the Fig. (3-58), in the previous studies was
3.11eV [182]. The band gap energy depends on the synthesis method and
conditions. The results are shown in the table (3-49).
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Table (3-49) Energy gap of g-CsNg, Bi,O3 and NGO
i Band gap energy in
Nanomaterial Band gap energy (eV) references (V)
g-CsNy4 2.60 2.70 [158]
Bi,O3 3.24 2.82 [160]
NGO 4.47 3.10 [182]
200
——g-C,N, Eg=2.60eV
150 -
3 100
50 -
0 L T 3 T 5 T T T T
2.0 25 3.0 35 4.0 45
hv (eV)

Fig. (3-56) Tauc plot for band gap energy of g-C3N4
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Fig. (3-58) Tauc plot for band gap energy of NGO
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The (20%) g-C3N4 -Bi203, (40%) g-C3N4 -BigOg, (60%) g-C3N4 -BigOg and (80%)
g-C3N; -Bi,O3 binary nanocomposites shows the band gap (3.30,3.14,3.23
and2.88eV) respectively, as shown in the Fig (3-59), while in the previous studies
was 2.42eV [176]. The band gap energy depends on the synthesis method and
conditions, the results are shown in the table (3-50).

Table (3-50) Energy gap of (20%) g-C3N, -Bi, 03, (40%) g-C3N, -Bi,O3, (60%) g-
CsNy -Bi,03 and (80%) g-C3N4 -Bi>O3 binary nanocomposites

Band gap energy in

nanocomposites Band gap energy (eV) references (eV)
(80%) g-C3N4 -Bi,O3 2.88 2.42 [176]
(40%) g-C3N4 -Bi,0O3 3.14 2.42 [176]
(60%) g-C3N4 -Bi,O3 3.23 2.42 [176]
(20%) g-C3N,4 -Bi,O3 3.30 2.42 [176]
100 -
—— (20%)g-C,N,-Bi,0, Eg=3.30eV
90 —— (40%)g-CN,Bi,0, Eg=3.14eV
80 (60%)g-C,N,-Bi,0, Eg=3.23eV
——(80%)g-C,N,-Bi,O, Eg=2.88eV
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Fig. (3-59) Tauc plots for band gap energy of (20%) g-C3N4-Bi»O3, (40%) g-C3N4-Bi,O3, (60%)
g-C3N;-Bi>O3 and (80%) g-C3N4-Bi O3 binary nanocomposites
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The BiCgy/GO (10 mg), BiCgo/GO (20 mg), BiCgy/GO (30 mg) and BiCg/GO (40
mg) the ternary nanocomposites have band gaps (3,3.22,2.72 and 2.997eV)
respectively, as shown in the Fig. (3-60). The band gap energy depends on the
synthesis method and conditions. The results are shown in the table (3-51)

Table (3-51) Energy gap values of BiCgo/GO (10 mg), BiCgo/GO (20 mg), BiCgo/GO (30
mg) and BiCgy/GO (40 mg) ternary nanocomposites

Nanocomposites Band gap energy (eV)
BiCg/GO (30 mg) 2.72
BiCg0o/GO (40 mg) 2.99
BiCg0o/GO (10 mg) 3.00
BiCg0o/GO (20 mg) 3.22
100
{——BiC,/GO(10mg) Eg=3eV
901 ——Bic, /GO(20mg) Eg=3.22eV
80 - BiC,,/GO(30mg) Eg=2.72eV
1—BiC,,/GO(40mg) Eg=2.997eV
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Fig. (3-60) Tauc plot for band gaps energy of BiCgo/GO (10 mg), BiCgo/GO (20 mg), BiCgo/GO
(30 mg) and BiCgo/GO (40 mg) ternary nanocomposites
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3.5 Photocatalytic mechanism of nanocomposites

3.5.1 Electron transfer mechanism of catalytic binary
nanocomposites

The photoluminesence mechanism is explained as follows, when the g-C3N4 was
excited by wavelength (265.50 nm), electrons from the valance band transferred
to the conduction band leaving the holes in the former. The transferred electrons
in conduction band recombine with holes in the valance band after releasing
photones as PL emission. The observed higher photolumiesence intensity
indicates the higher recombination rate of photoindued electron-hole pairs in the
g-CsN, sample. In the case of Bi,0s/g-CsN4 binary nanocomposites, the
photoinduced electrons from the conduction band of g-C3;N, trasferred to the
conduction band of Bi,Os, [183],[184], in the mean time, the holes in the valance
band of Bi,O; transferred to the valance band of g-Cs;N,4 as shown in Fig. (3-61).
This separation and transfer of charge carriers in Bi,Os/g-C3N4 nanocomposites
effectively inhibit the recombination process leading to observed lower PL
intensity. The minimal intensity of all Bi,Os/g-CsN4 binary nanocomposites
indicating that the luminescence is quenched more effectively which in turn
suggests the promoted photoinduced electron-hole pair separation and transfer.
The photoinduced electrons in the CB of Bi,O5; will reacts with O, molecules to
form super oxide anion radicals O,/+0” (-0.05 eV NHE) and O,/H,0, (+0.69 eV
NHE) while the holes in VB of g-C3N, react with OH™ ion to form hydroxyl
radical (H,O/*OH (2.28 eV NHE) and OH"/*OH (1.99 ¢V NHE). These reactive
oxidative agents decompose the MB molecule to CO, and H,0.
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H,0 H +OH'
: T B dye — 3 H;OandCO;,

Fig. (3-61) Proposed mechanism for the photodegradation of MB dye by g-C3N4 -Bi,O3
binary nanocomposite catalyst

3.5.2 Electron transfer mechanism of catalytic ternary
nanocomposites

The photocatalytic mechanism of BiCg/GO (x mg), light irradiates g-CsN4 and
Bi,O; at the same time and excites to generate e and h* pairs. The electrons
migrate from CB of g-C3N, to CB of Bi,O3 while holes migrate from VB of Bi,O;
to VB of g-CsN,, thereby reduction recombination [185]. Moreover, electrons will
flow spontaneously from CB of Bi,O; and then gradually flow to NGO
[186],[187],[188]. This process effectively separated electrons and holes and
increase the lifetime of the charge [189], which directly leads to fluorescence
quenching Fig. (3-62). As the accepter of electrons, strengthens the transfer of
electric charge and makes the carrier react with water and dissolved oxygen on
the surface of the composite to produce *O? and *OH [190]. Finally, the
pollutants are completely oxidized into CO, and H,0.
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Eg=4.47eV
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H,0 H-+OH"

MBdye — 3 H,0andCO,

Fig. (3-62) Proposed mechanism for the photodegradation of MB dye by (BiCgo/GO (x mg)
ternary nanocomposite catalyst

3.6 Kinetics of photocatalytic degradation of MB dye

The effect of initial concentration of MB dye on the degradation rate by 50 mg of
(80%) g-C3N,-Bi,O5 binary nanocomposite catalyst compound was studied in the
concentration range 5-15 mg.L™. A plot of the negative log of the ratio of
concentration to the original concentration as described by Eq. (3-3) will produce
a straight line for -In(C/C,) vs. time (t) and describes a pseudo-first-order Kinetic
relationship [191].

-InC/Cy=kt............. (3-3)
Pseudo-first-order degradation lines are depicted in Fig. (3-63), the correlation
coefficients (R?) are 0.81114 ,0.94452 and 0.9862 for 5, 10 and 15 mg.L™

respectively of MB dye concentrations, indicating that the degradation of MB dye
followed a pseudo-first-order kinetic model.
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Fig. (3-63) First-order plots for photocatalytic degradation of MB dye (5-15 mg.L™) by 50 mg
of (80%) g-Cs3N4 - Bi,O3 binary nanocomposite catalyst

A plot of the negative log of the degradation ratio of MB dye concentration to the
original concentration by using 50 mg of BiCg/GO (20 mg) ternary
nanocomposite as a catalyst described by Eq. (3-3) will produce a straight line for
-In(C/C,) vs. time (t) and describes a pseudo-first-order kinetic relationship [191].
Pseudo-first-order degradation lines are depicted in Fig. (3-64), the correlation
coefficients (R?) are 0.96764 ,0,9862 and 0.98682 for 5, 10 and 15 mg.L™
respectively of MB dye concentrations, indicating the degradation of MB dye by
BiCg/GO (20 mg) ternary nanocomposites catalyst followed a pseudo-first-order
kinetic model. In general, pseudo-first-order kinetic process in this case of
photocatalytic degradation of MB dye follow the Langmuir-Hinshelwood
mechanism, the reaction rate is proportional to amount of photocatalytic material
covered with the pollutant MB dye. Since photocatalytic reaction can occur only
when organic pollutant molecules are adsorbed onto the surface of the catalyst.
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Fig. (3-64) First-order plots for photocatalytic degradation of MB dye (5-15 mg.L™) by 50 mg
of BiCgo/GO (20 mg) ternary nanocomposite catalyst

3.7 Membrane Synthesis
3.7.1 Separation of MB dye by g-C3;N4, Bi,O3 and NGO membranes

The experimental data shows the removal of MB dye by the membranes in the
order g-CsN4 > NGO > Bi,03, the best membrane is g-CsN,, R% (62.872 %), as
show in Fig. (3-65). The removal efficiency (R%) of MB was calculated by using
Eq. (3-4)

R%=C,- C¢ /C, X100 .......... (3-4)

Where R represents the removal efficiency of MB, C, (mg.L™") and C, (mg.L™)
are the initial and equilibrium concentrations, respectively.The separation
mechanism indicated that this membrane adsorbed dyes mainly through physical
sieving, electrostatic interaction, and hydrogen bonds[192].
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Fig. (3-65): Removal percentage of MB dye by g-C3N4, Bi,O3 and NGO membranes

3.7.2 Separation of MB dye by (20%) g-Cs;N,4 -Bi,0O3, (40%0) g-
CsNy4 -BizOg, (60%) g-C3N4 -Bi203 and (80%) g'C3N4 'Bi203
binary nanocomposites membranes

The experimental data shows the removal % of MB dye by the membranes in the
order (80%) g'C3N4 'Bi203 > (60%) g-C3N4 -BizOg > (40%) g-C3N4 -Bi203>
(20%) g-C3N,4 -Bi, O3, the best membrane is (80%) g-CsN, -Bi,Os, where R%
(70.819 %), as show in Fig. (3-66). The mechanism analysis indicated that this
membrane adsorbed dyes mainly through  physical sieving, electrostatic
interaction, and hydrogen bonds[192].

104



80
| (20%)g-C,N,-Bi,O,
70 [ (40%)g-C,N,-Bi,0, 70.819
| (60%)g-C,N,-Bi, O,
1E=23(80%)g-CN,-Bi,O,
60
50
S
o =
& 40
30
20
10 -
0 - (20%)g-C,N,-Bi,0,  (40%)g-C,;N,-Bi.0; !(60%)g-C,N,-Bi,0, (80%)g-C,N,-Bi,0,
membranes

Fig. (3-66): Removal percentage of MB dye by (20%) g-C3Ny -Bi,O3, (40%) g-C3N4 -Bi,0s3,
(60%) g-C3N4 -Bi,O3 and (80%) g-C3N, -Bi>O3 binary nanocomposites
membranes

3.7.3 Separation of MB Dye by BiCgy/GO (10 mg), BiCgy/GO (20
mg), BiCg/GO (30 mg) and BiCg,/GO (40 mg) ternary
nanocomposites membranes

The experimental data shows the removal R% of MB dye by the membranes in
the order BiCgo/GO (30mg) > BiCg/GO (20mg) > BiCgy/GO (40mg) > BiCgo/GO
(10 mg), the best membrane is BiCgo/GO (30 mg), where R% (49.265 %), as show
in Fig. (3-67). The mechanism analysis indicated that this membrane adsorbed
dyes mainly through physical sieving, electrostatic interaction, and hydrogen
bonds[192].
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Fig. (3-67): Removal percentage of MB dye by BiCgy/GO (10 mg), BiCgo/GO (20 mg),
BiCgo/GO (30 mg) and BiCgo/GO (40 mg) ternary nanocomposite membranes
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Conclusion

This study includes synthesis; nano graphitic carbon nitride(g-CsN,4), nano
bismuth oxide (Bi,O3) and, nano-graphene oxide (NGO). Synthesis binary
nanocomposites (20%) g-CsN, -Bi,Os, (40%) g-C3N, -BiyOs, (60%) g-CsNy -
Bi,Os;, (80%) g-CsN; -Bi,Os;. In addition to synthesis a novel ternary
nanocomposites BiCgy/GO (10 mg), BiCg/GO (20 mg), BiCg/GO (30 mg) and
BiCgy/GO (40 mg) by high temperature calcination method. The particle size was
calculated by Debye-Scherrer equation, the average particles size of synthesized
g-CsNy4, Bi,Ozand NGO (5.209, 24.972 and 6.476 nm) respectively. Binary
nanocomposites (20%) g-CsN, -Bi,Os. (40%) g-CsN, -Bi,Os, (60%) g-C3N4 -
Bi,O;, and (80%) g-C3N; -Bi,Os; (29.775, 28.306, 24.245 and 29.533 nm)
respectively. While the ternary nano composites are BiCgo/GO (10 mg), BiCgy/GO
(20 mg), BiCgy/GO (30 mg) and BiCgy/GO (40 mg) (17.468, 18.169, 21.097 and
20.397 nm) respectively.

The degradation efficiency D% of MB dye by g-CsN4 Bi,O; and NGO
(93.34%,0.95% and 98.335%) respectively, under the visible light irradiation in a
time period of 180 min. The degradation efficiency D% of MB dye by Binary
nanocomposites (20%) g-CsN, -Bi,Os, (40%) g-CsN, -Bi,Os, (60%) g-C3N, -
Bi,O; and (80%) g¢-CsN, -Bi,Os (21.77%, 35.4%, 41.48% and 98.38%)
respectively, under the visible light irradiation in a time period of 180 min. The
degradation efficiency D% of MB dye by ternary nanocomposites BiCgy/GO (10
mg), BiCg/GO (20 mg), BiCg/GO (30 mg) and BiCg/GO (40 mg)
(88.98%,97.81%,96.65 and 91.58%) respectively, under visible light irradiation in
a time period of 180 min. Therefore, these nanocomposites can be used to remove
the organic pollutants from river and sea water which exposure to sunlight.

The nano membranes were fabricated, g-C3N4, Bi,O; and NGO by vacuum
filtration. The removal R% of methylene blue was, (62.872%, 34.434% and
51.673%) respectively. Binary nanocomposites, (20%) g-C3;N, -Bi,O3, (40%) g-
C3N; -Bi,0s5, (60%) g-C3N4 -Bi0Os, (80%) g-CsN4 -Bi,O; were fabricated as
membranes by vacuum filtration, the removal R% was (33.268%, 36.995%,
52.436% and 70.819%) respectively. Ternary nanocomposites BiCgy/GO (10 mg),
BiCg/GO (20 mg), BiCgy/GO (30 mg) and BiCg/GO (40 mg) were fabricated as
membranes by vacuum filtration, the removal R% are (42.418%, 48.438%,
49.265% and 44.44%) respectively.
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Recommendations

1.

Studying the biological activity of (20%) g-CsN,4 -Bi,Os3, (40%) g-CsNj, -
Bi,03, (60%) g-C3N4 -Bi,03, (80%) g-CsN,4 -Bi,O3 binary nanocomposites,
(40 mg) ternary nanocomposites against bacteria and fungi.

Study of electrical conductivity for (20%) g-CsN, -Bi,0s, (40%) g-CsNy -
Bi,0s, (60%) g-CsN4 -Bi,03, (80%) g-CsN,4 -Bi,O3 binary nanocomposites,
BiCgo/GO (10 mg), BiCgo/GO (20 mg), BiCg/GO (30 mg) and BiCg/GO
(40 mg) ternary nanocomposites.

Study of the mechanical properties of these (20%) g-CsN, -Bi,O3, (40%) g-
C3Ny4 -BizOg, (60%) g-C3N4 -BizOg, (80%) g-C3N4 'Bi203 binary nano
composites, BiCgo/GO (10 mg), BiCg/GO (20 mg), BiCgy/GO (30 mg) and
BiCg/GO (40 mg) ternary nanocomposites.

Synthesis of other Graphitic Carbon Nitride(g-C3N4) composites by using
other metal oxides.

USing g'C3N4, BizOg, NGO, (20%) g-C3N4 -Bi203, (40%) g-C3N4 -BizOg,
(60%) g-C3N, -Bi,0O3;, (80%) g-C3N, -Bi,Oz binary nanocomposites,
(40 mg) ternary nanocomposites and membranes to remove other organic
pollutants and heavy metals.
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