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ABSTRACT

The incessant release of pharmaceuticals into the aquatic environment continues to
be a subject of increasing concern. This is because of the growing demand for potable water
sources and the potential health hazards which these pollutants pose to aquatic animals and
humans. Waste water coming from industries it produces major problem to surroundings as
well as creates pollution to the environment. The review focuses on advanced oxidation
processes that employ graphene-based composites as catalysts for the degradation of
pharmaceuticals. These composites have been identified to possess enhanced catalytic
activity due to increased surface area and reduced charge carrier recombination. So, we

want to recycle the water.
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CHAPTER 1
INTRODUCTION

Graphene Oxide is an oxidized form of graphene, laced with Oxygen-
containing groups. Graphene Oxide is not a good character but processes exist to
augment its properties.

PVA is a major artificial polymer that has been available for more than nine
declares. PVA, a colourless, water-soluble synthetic resin employed principally in the

treating of textiles and paper.

1.1 GO CATALYTIC ACTIVITY

Graphene Oxide (GO), a two-dimensional nanomaterial with various oxy
functionalized groups, has shown very good activity as catalysts in organic
transformations such as oxidation, hydration, alkylation reaction. Although graphene
was known to exist within graphite materials, it was assumed to be
thermodynamically unstable in distinct 2D structures at finite temperatures. The use
of graphene-based nanomaterials as catalyst support was hampered by the high
price associated with the laborious synthesis and processing (e.g., sublimation of
silicon from silicon carbide wafers, chemical vapor deposition, oxidation/reduction
protocols etc. However, the process for liquid phase exfoliation through oxidation of
graphite in presence of strong oxidizing agents generating the graphene analogue
with oxygenated functionalities on their surface has brought tremendous excitement
in the nano catalyst research community. These materials termed as “graphene
oxide” can be obtained in sufficient quantities from commercially available graphite
through reliable, now well-established preparation procedures. Further potential
chemical modifications of the graphene surface introduce different newer catalytically
active site important for specific catalytic reactions.

1.2 GO+Cu CATALYTIC ACTIVITY

Catalysts play deterministic roles in the hydrogenation of nitroaromatics to

amino aromatics. Graphene has been extensively employed as a stable and excellent



nano catalysts support for synthesizing efficient heterogeneous catalysts; its
exceptional conductivity can facilitate the electron transfer during the transformations.
Consequently, metal nano catalysts supported on the graphene may potentially
promote the reductants’ electrons donation in the reaction media enhancing the
reduction efficiency. Indeed, the synergetic effect between less-reactive nano
catalysts and graphene leads to highly active hybrid nanocomposite catalysts.
Motivated by the aforementioned advantages, we synthesized an efficient
nanocomposite catalyst consist of graphene oxide (GO) supported copper oxide NPs
(CuO-GO) via a facile hydrothermal self-assembly process for the reduction of
nitroaromatics. The CuO— GO nanocomposite catalyst exhibited high yields for the
reduction of various nitroaromatics using aqueous sodium borohydride (NaBH4) at

room temperature.

1.3 CONGO RED DYE EFFLUENT

The dye of Congo red (CR) is known as typically anionic diazo dye having
four different color-assisted functional groups and has various molecular structures in
the aqueous solutions that differ in their PH. It is highly soluble in water and stable in
air and light. CR dye is used in laboratories as a pH indicator, histological dye,
amyloidosis diagnosis, and for testing the contents of HCI in gastric. This dye is also
used in various industries like industry of textile due to its significant affinity to fibers
of cellulose, papermaking, and industry of plastic, cosmetics, and pharmaceuticals.
CR is a member of benzene compounds and contains in its structure aromatic
amines; therefore, it will be converted to carcinogenic materials in the environment.
Moreover, benzidine produced from metabolizing of CR poses hazard effects on
human health such as irritation of gastrointestinal, eye, and skin. Benzidine also
causes clotting of blood, somnolence, and breathing problems.

Consequently, it is necessary to remove CR from sewage of those laboratories
and industries before their discharge to the aquatic system. Thus, conventional
biological methods have been established for decolorization of CR from the sewages
of laboratories and industries, e.g., fungi of white rot, and foams of polyurethane and
polypropylene were applied for biodegradation of CR. It was reported that the

biodegradation efficiency of CR is insufficient due to different aromatic structures and
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synthetic origin of this dye. Despite the effectiveness of the photocatalytic degradation
techniques towards CR, the harmfulness of this dye may be less than that of its
degradation products. Hence, several low or uncostly materials were applied as
effective adsorbents for CR elimination from waters. The outcomes of these studies
indicate that there are big differences between the adsorption performances of these
cheap adsorbents towards CR. Therefore, other works should be carried out to

investigate CR adsorption by other low-cost sorbents.

1.4 PVA CATALYTIC ACTIVITY

Polyvinyl alcohol (PVA) is a biodegradable, water-soluble, and environmentally
benign polymeric material with unique emulsifying, adhesive, and film-forming
properties. It can be used in the synthesis of organic-inorganic hybrid membrane for
biodiesel production and has been regarded as appropriate matrix in microbial fuel
cell applications. PVA has also been used in production of biomedical hydrogels with
high ability to swell. Moreover, diversity of industrial applications of PVA has been
reported such as optical and humidity sensors, food packaging, surgical devices,
manufacture of polarizing sheet, and production of thin film transistors. Recently,
many industrial applications of aluminum oxide (Al20s) nanoparticles have been
disseminated such as; drilling fluids agent, separators for lithium batteries, and
biosensors for vitamin E. Recently, metal oxide nanoparticles embedded within the
polymer matrix have attracted growing interest due to the unique properties that
displayed by the hybrid nanocomposites.

The properties of the created nanocomposites depend on many factors like the
method of preparation, the morphological structure of the prepared nanocomposite,
nature of metal oxide nanoparticles that incorporated in, the structural features of the
polymer used, and the chemical properties of both metal oxide and polymer
molecules. The physicochemical properties of the nanosized particles within the

hybrid material differ markedly from those of molecular and bulk materials.



1.5 PVA + CuSO4 CATALYTIC ACTIVITY

The present investigation reports, the complex formation of Cu (ll) with
polyvinyl alcohol (PVA) and the synthesis of PVA-stabilized Cu20 particles. This PVA-
Cu20 composite has been prepared via chemical reduction method using PVA-Cu (1l)
complex as precursor. At first, Cu (ll) ions were stabilized in PVA-Cu (ll)
macromolecular complex as precursor reacted with ascorbic acid as reducing agent
at pH=12 to prepare PVA-Cu20 composite. The products were characterized by
FTIR, XRD, FE-SEM, HRTEM, Visible Spectroscopy and atomic absorption. In the
following, the antibacterial properties of as-prepared composites were examined
against Gram-positive (bacillus thuringiensis) and Gram-negative bacteria
(Escherichia coli), and the results showed excellent antibacterial activity of these

materials.



CHAPTER 2
LITERATURE SURVEY

1. TITLE: Adsorption of Congo red solution by iron doped PVA- chitosan composite

film
AUTHOR: Kang Wen, Yi Li, Shuxing Zhang, Xiaoting Zhang, Runping Han
JOURNAL AND YEAR: Desalination and Water Treatment. 2020

INFERENCE: Chitosan-polyvinyl alcohol-iron (CS-PVA-Fe) composite films with acid
resistance and largenadsorption capacity were prepared by doping trivalent iron,
chitosan, and polyvinyl alcohol. The adsorption mechanism of Congo red (CR) on the
composite films was investigated by changing the adsorption conditions (temperature,
pH, salt) and characterization (isoelectric point, infrared spectroscopy, photoelectric
spectroscopy, scanning electron microscopy). The results showed that the adsorption
capacity of the composite film was 450 mg g—1 at pH 5.0, and the adsorption of CR
by high concentration salt had only a slight negative effect. The adsorption was
following Langmuir, pseudo-first-order kinetics and pseudo-second-order kinetics
model, which showed that the adsorption process was based on the single-layer
heterogeneous adsorption, and there were both physical and chemical adsorption
processes. Thermodynamic analysis shows that adsorption was spontaneous,
endothermic and entropy increasing process. According to the characterization
analysis, the adsorption mechanism of CR was mainly hydrogen bonding, ion
exchange, and complexation. Also, the desorption of CR-loaded film can be
performed using 75% alcohol at pH 12. The results showed that CS-PVA-Fe
composite films are promising as a suitable candidate for the efficient removal of

CR from solution.

2. TITLE: Efficient removal of Congo red dye from aqueous solution by adsorbent

films of polyvinyl alcohol/melamine-formaldehyde composite and bactericidal effects.

AUTHOR: Shahnawaz Ahmad Bhat, Fahmina Zafar, Aftab Hossain Mondal, Azar
Ullah Mirza ,bQazi Mohd Rizwanul Haq , Nahid Nishat

5



JOURNAL AND YEAR: Journal of Cleaner Production. 2020

INFERENCE: Removal of harmful dyes and inhabitation of bacterial growth is one of
the outstanding priorities in both environmental and industrial applications. The
recognition of the alarming industrial discharge and insufficiency of fresh water has
prompted us to develop eco-friendly and sustainable dye adsorbent films. The
present investigation reports the synthesis of melamine-formaldehyde (MF) and
cross-linking of polyvinyl alcohol (PVA) with MF to develop biodegradable composite
films. The PVA and PVA/MF composite films were characterized by FTIR, XRD, TGA,
DSC and SEM.

3. TITLE: Removal of anionic dye Congo red from aqueous environment using
polyvinyl alcohol/sodium alginate/ ZSM-5 zeolite membrane

AUTHOR: Sabarish Radoor, Jasila Karayil, Jyotishkumar P arameswaranpillai &

Suchart Siengchin
JOURNAL AND YEAR: 2017

INFERENCE: In this study, a novel PVA/SA/ZSM-5 zeolite membrane with good
regeneration capacity was successfully prepared by solvent casting technique. The
properties of the membranes were assessed by employing different characterization
techniques such as X-ray diffraction (XRD), Fourier-transform infrared spectroscopy
(FT-IR), scanning electron microscope (SEM), optical microscopy (OP),
thermogravimetric analysis (TGA), contact angle and universal testing machine
(UTM). XRD, TGA and UTM results revealed that the crystallinity and thermo-
mechanical performance of the membrane could be tuned with zeolite content. The
successful incorporation of zeolite into the polymer matrix was confirmed by FT-IR,
SEM and OP analysis.



CHAPTER 3

AIM AND SCOPE

To prepare an efficient catalyst by using heavy metals.
To degrade Congo Red Dye
Treating CRD by using GO as catalyst

Treating CRD with the help of PVA+CuSOs4 as catalyst



CHAPTER 4
MATERIALS AND METHODS

4.1 UV SPECTROSCOPY

The principle of UV Visible spectroscopy is based on the absorption of
ultraviolet or visible light by a compound, which produces a variety of spectra.

Basically, spectroscopy is related to the interaction of light and matter.
When light is absorbed by a substance, the energy content of the atom or molecule
increases. When ultraviolet light is absorbed, electronic excitation occurs from the
ground state to the high-energy state. Molecules containing 1 or nonbonding
electrons (n electrons) can absorb energy in the form of ultraviolet light and excite
those electrons into higher antibonding molecular orbitals. The more electrons are
excited, the longer the wavelength of light that can be absorbed. There are four types
of transitions, (T7—1 *, n—11 *, 0—0 *, n—0 *), which can be rearranged as follows: 0—0
*>n —o *> 11— *> n—1 * The absorption of UV light by a compound produces a clear
spectrum that helps identified the compound.

This is one of the best ways to measure impurities in organic molecules.
Additional peaks are observed due to impurities in the sample and can be compared
to the peaks of standard raw materials. Impurities can also be detected by measuring
the absorbance at a specific wavelength.

This is useful for elucidating the structure of organic molecules, such as the presence
or absence of unsaturated atoms and the detection of the presence of heteroatoms.
UV absorption spectroscopy can be used to quantitatively measure UV-absorbing
compounds. UV absorption spectroscopy can be used for qualitative measurements
of compounds because it can characterize the type of compound that absorbs UV
radiation. This is identified by comparing the absorption spectrum with the spectrum
of known compounds. This technique is used to detect the presence or absence of
functional groups in a compound. The absence of a band at a particular wavelength is
considered evidence of the absence of a particular group. Reaction kinetics can also
be studied using UV spectroscopy. Ultraviolet light passes through the reaction cell

and in absorption can be observed. Many medicines are either in the form of raw
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materials or in the form of formulations. They can be tested by making a suitable
solution of the drug in the solvent and measuring the absorbance at a particular
wavelength. The molecular weight of compounds can be measured
spectrophotometrically by preparing appropriate derivatives of those compounds. The

UV spectrophotometer can be used as an HPLC detector.

Using UV Spectroscopy analyzed the sample PVA + CuSO4

Chemical
Information F—{ TranSducer [—>
Source

Signal Display
Ccélditioner ] SysFt)em

UV-Vis Spectroscopy

Fig.4.1. UV Spectroscopy machine

4.2 IR SPECTROSCOPY

Infrared spectroscopy (IR spectroscopy) is a spectroscopy that deals with the
infrared region of the electromagnetic spectrum, that is, light with a wavelength longer
and a lower frequency than visible light. It mainly covers the range of techniques
based on absorption spectroscopy. Like all spectroscopic techniques, it can be used
to identify and study chemicals. A common laboratory instrument that uses this
technique is a Fourier transform infrared (FTIR) spectrometer. The infrared part of the
electromagnetic spectrum is usually divided into three areas; near-infrared, mid-
infrared, and far-infrared. Named after its relationship with the visible spectrum.
The higher energy near IR, approximately 144 cm1 (.82.5 y m wavelength) can excite
overtone or harmonic vibrations. The midinfrared, approximately 44 cm1 (2.525 p m)
may be used to study the fundamental vibrations and associated rotational vibrational
structure. The far infrared, approximately 41 cm1 (251 p m), lying adjacent to the



microwave region, has low energy and may be used for rotational spectroscopy. The
names and classifications of these subregions are conventions, and are only loosely

based on the relative molecular or electromagnetic properties.

Using IR Spectroscopy analysed the sample PVA + CuSOa
) B

REFEREANCE
DETECTOR

MONOCHROMATIC
SYSTEM

U S

R SOURCE

| SPLITTER READOUT

0
‘ki SAMPLE

Fig 4.2. IR Spectroscopy machine

4.3 SEM
Scanning Electron Microscope (SEM) is a type of electron microscope that

scans surfaces of microorganisms that uses a beam of electrons moving at low
energy to focus and scan specimens. The development of electron microscopes was
due to the inefficiency of the wavelength of light microscopes. Electron microscopes
have very short wavelengths in comparison to the light microscope which enables

better resolution power.

The Scanning electron microscope works on the principle of applying kinetic
energy to produce signals on the interaction of the electrons. These electrons are
secondary electrons, backscattered electrons, and diffracted backscattered electrons
which are used to view crystallized elements and photons. Secondary and
backscattered electrons are used to produce an image. The secondary electrons are
emitted from the specimen play the primary role of detecting the morphology and
topography of the specimen while the backscattered electrons show contrast in the

composition of the elements of the specimen.
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The major components of the Scanning Electron Microscope include; Electron
Source — This is where electrons are produced under thermal heat at a voltage of 1-
40kV. the electrons condense into a beam that is used for the creation of an image
and analysis. There are three types of electron sources that can be used. i.e
Tungsten filament, Lanthanum hexaboride, and Field emission gun (FEG) Lenses — it
has several condenser lenses that focus the beam of electrons from the source
through the column forming a narrow beam of electrons that form a spot called a spot
size. Scanning Coil — they are used to deflect the beam over the specimen surface.
Detector — I's made up of several detectors that are able to differentiate the
secondary electrons, backscattered electrons, and diffracted backscattered electrons.
The functioning of the detectors highly depends on the voltage speed, the density of
the specimen. The display device (data output devices), Power supply, Vacuum
system. Using SEM analysed the sample PVA + CuSOa4

Scanning Electron Microscopy (SEM)

Elect
ssssss | ‘ (\
13
v
= = O
Condet
lenses . b
= . v - D —
Aperture
7 -
s
-
Scanning coil | = - 8 !_;b Xk
Objective | —] | ,/ R
Back ttered — /— ‘
| :
1
3 “a
Q%" Detector >
Sample DT o

Fig 4.3. SEM Spectroscopy Machine

4.4 PREPARATION OF SAMPLES AND THEIR OUTPUT
4.4.1 Preparation of PVA+ CuSOa4

Weighted PVA (2.0056) g and CuSO4 (1.0025) g. Took 50 ml water + NaOH, pH
adjusted to 9. Added CuSO4 and dissolve, then added PVA. Kept for stirring for 45

mins at temperature 65 Degree Celsius. Temperature set at 65 Degree Celsius at
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(knob at 60 on the instrument) for 45 mins, colour is blue green precipitate formed.
After adding NaOH + CuSO4 --- finally the solution was greenish blue in colour.
Dissolved 1.0038 and 1.0051 g of CuSO4 in 100 ml distilled water

maintained at pH 9 using NaOH. Added 2.0053 g of PVA to 50 ml CuSO4 solution
and 2.0053 g of PVA to another 50 ml CuSO4 solution (pH =9). Stirred the solutions
for 45 mins keeping the temperature of 1 solution at 40 Degree Celsius and another
at 55 Degree Celsius.

1. | st solution, 65degree Celsius (knob at 60 for 65 Degree Celsius) — Polymer

dissolved, greenish blue deposit with pale blue solution.
2. 1l nd solution, 40degree Celsius (knob at 30 for 40 Degree Celsius).
3. Il rd solution, 55degree Celsius (knob at 40 for 55 Degree Celsius)— blue

colour deposit with greenish blue coloured solution.

Filtered the solution next day

Fig 4.4 Filtered PVA + CuSO4 Solution Sample

Using PVA + CuSO4 analysed the samples in various methods:
Here, NO means we didn’t get the result
YES means we got the result
And then, PVA (0.5 g) + CuS0O4 (0.5 g)
Acidic = white PVA
Neutral = pale green/ yellow PVA
Basic = 1. PVA (0.5 g) + CuS0O4 (0.5 g) = light green ppt (1.6509 g)

12



2. PVA (0.5 g) + CuS0O4 (1 g) = dark green ppt (1.9075 g)14
PVA (0.5 g) + CuS0O4 (0.5 g) = contact time immediate = Dark green Precipitate.

Fig 4.5 PVA + CuSOs4 precipitate

Various methods Solution I I 1l
Acidic, basic,
PVA 2g + CuSOa4 1g NO NO YES
neutral
55
40 Degree
_ PVA 2g + CuSOa4 19 (pH . Degree 60 Degree
Using temperature Celsius ] .
=9) Celsius Celsius [NO]
[YES]
[NO]
Change the CuSO4
. PVA 2g + CuSOa4 0.5g [NO] | 1g[YES] 1.5g [NO]
weight
Extend the time
_ PVA 2g + CuSOa 4 hours 1 day 2 days
period

Table 4.1 Result of PVA + CuSOa

Using CRD (CONGO RED DYE):

Took a 100 ml of CRD and make it into 500ml (add 400 ml of distilled water).
In this 500 ml took 10 ml and make it into 100 ml (add 90 ml of distilled water).

13




100 ml CRD solution (OD = 1.37) --- make up in 500 ml (OD = 1.33) --- make up into
100 ml (OD = 1.08).

Using final CRD for preparation:

1. 20 ml of CRD + 0.01 g of GO - stirring

2. 20 ml of CRD + (GO + Cu) - stirring

3. PVA + GO + CRD - stirring

4. PVA + M + CRD - stirring

5. PVA + GO - stirring = No result, Remain in solution red colour.
With CRD, [final dilution]

GO — Neutral --- It take more time (24 hours) = got the result.

GO + Cu — Neutral --- Faster = didn’t got the result
GO + PVA — Neutral --- GO leached out = didn’t got the result

Ime
me g

ermits

aHm\\ ase ﬁb\'ér period§ up to
‘\;M i g threshold ¢ {rigger an
ey d“e\cp:mf Y and trigger conditions to
pey | por TR tauhratseasy transfer to

ge devices, \hima Ing continuous

‘the ater tre
atment p]ﬁns nu
clear deco
e goundger o mmlsslomng

OR programs,

] les exce
‘t}%rm 15f

on @pinfna

ginincatank

Fig 4.5 GO Fig 4.6 GO + CRD
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Fig 4.7 GO + CRD Filter Fig 4.8 GO + CRD filter

PVA + M — Neutral - 4-5 hours
PVA + M — Acidic - Colour changed to blue

PVA + M — Basic - immediate colour change= got the result.

CRD + acidic - colour changed to blue
CRD + Basic - no colour change

CRD + CuSOs4 - immediate colour change
CRD + PVA - NO change.

GO, PVA + CuSO:s - got the result suddenly

15



Fig 4.9 CuSO4 + CRD and PVA + CRD

4.5 REACTIONS AND SYNTHESIS OF PVA+CUSO4 DEGRADATION

Weighted PVA (2.0056) g and CuSO4 (1.0025) g. Abstract Advanced oxidation
processes (AOPs) constitute a promising technology to treat wastewater containing
organic pollutants that are not easily biodegradable. They have received increasing
attention in the research and development of wastewater treatment technologies in
recent decades for their removal or degradation of recalcitrant pollutants or as
pretreatments to convert pollutants into smaller compounds, which can be treated
using conventional biological methods. Polyvinyl alcohol (PVA) is a typical refractory
organic pollutant. It is of particular interest because of its low biodegradability and the
discharge of large amounts of PVA-containing wastewater from textile and paper
mills. This review focuses on PVA removal and PVA wastewater pretreatment with
AOP, including ozone treatment, Fenton oxidation, persulfate hydrochloride,
ultrasonic cavitation, ionizing radiation, photocatalytic oxidation, wet air oxidation, and
f PVA degradation by AOP. In addition, a new classification of AOP for the treatment
of PVA applies.

Weighted PVA (2.0056) g and CuSO4 (1.0025) g . Took 50 ml water +
NaOH, pH adjusted to 9. Added CuSO4 and dissolve, then added PVA. Kept for
stirring for 45 mins at temperature 65 degree Celsius. Temperature set at 65degree
Celsius at (knob at 60 on the instrument) for 45 mins, colour is blue green precipitate

formed. After adding NaOH + CuSOs4 --- finally the solution was greenish blue in

16



colour. Dissolved 1.0038 and 1.0051 g of CuSO4 in 100 ml distilled water maintained
at pH 9 using NaOH. Added 2.0053 g of PVA to 50 ml CuSO4 solution and 2.0053 g
of PVA to another 50 ml CuSOa4 solution (pH =9). Stirred the solutions for 45 mins
keeping the temperature of 1 solution at 40degree Celsius and another at 55degree
Celsius.
1. | st solution, 65degree Celsius (knob at 60 for 65degree Celsius) - Polymer
dissolved, greenish blue deposit with pale blue solution.
2. 1l nd solution, 40degree Celsius (knob at 30 for 40degree Celsius).
3. 1l rd solution, 55degree Celsius (knob at 40 for 55degree Celsius - blue colour
deposit with greenish blue coloured solution.

Filtered the solution next day.

17



CHAPTER 5
RESULTS AND DISCUSSION

5.1 SEM FOR GO:

Scanning Electron Microscope (SEM) is a type of electron microscope that
scans surfaces of microorganisms that uses a beam of electrons moving at low
energy to focus and scan specimens. The development of electron microscopes was
due to the inefficiency of the wavelength of light microscopes. Electron microscopes
have very short wavelengths in comparison to the light microscope which enables
better resolution power. SEM is taken for GO.

-
B

det mag @ spot HV HFW thermo f=10 pm =
8PM ETD SE 133 mm 5000x 35 30.00kV 829 um soienti CIL@VISTAS,Chenna

Fig 5.1 SEM for GO

5.2 UV FOR (PVA+CUSOA4)

The principle of UV Visible spectroscopy is based on the absorption of
ultraviolet or visible light by a compound, which produces a variety of spectra.

UV absorption spectroscopy can be used for qualitative measurements of
compounds because it can characterize the type of compound that absorbs UV
radiation. This is identified by comparing the absorption spectrum with the spectrum
of known compounds. UV is taken for (PVA + CuSQOa).

18
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Fig 5.2 UV Spectrum for PVA + CuSOa4

5.3 IR FOR (PVA+CuSO04):

Infrared spectroscopy (IR spectroscopy) is a spectroscopy that deals with
the infrared region of the electromagnetic spectrum, that is, light with a wavelength
longer and a lower frequency than visible light. It mainly covers the range of
techniques based on absorption spectroscopy. Like all spectroscopic techniques, it
can be used to identify and study chemicals. A common laboratory instrument that
uses this technique is a Fourier transform infrared (FTIR) spectrometer. IR is taken
for PVA + CuSOa.
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CHAPTER 6

CONCLUSION

Pollutants in the environment is a growing problem of global concern.
Drugs taken by humans and animals find their way into rivers, lakes and even
drinking water and can have devastating effects on both aquatic and human health.
For that we want to recycle the waste. Using (PVA + CuSOs4, GO) these materials we
can recycle the waste water.

A review of process employing Graphene based composites, and PVA +
CuSOs as catalyst for degradation of pollutants have been identified in the explored
literatures. Each of the process showed high degradation efficiencies, with the
generation of reactive radical species being responsible for the activity of each
process. In corporation of graphene/graphene derivatives, PVA + CuSOs4 was
observed to enhance the degradation efficiency by improving on the generation of
radical species, through improved surface area, light absorption and reduce
recombination of generated charge carriers. A key factor in enhancing the activity of
the composite is the determination of the optimal weight percentage of graphene
required for improving the catalytic activity. Comparative analysis of these techniques

showed that while they exhibit similar degradation efficiency.
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