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Abstract

The non-biodegradability of organic pollutants and their adverse effects on plant and living organisms makes their removal from

the environment vital for the preservation of the ecosystem. In this study, Photocatalysis (one of the advanced oxidation processes)

was employed for the removal of methylene blue dye (MBD). Phyto-enhanced synthesized Zinc oxide (G.S ZnO) were precipitated
from an aqueous solution of zinc nitrate hexahydrate and Papaya leaf extracts. The precipitates were dried at 100 oC for 24 hours,

and doped hydrothermally with nitrogen from Urea at different doping ratios (10%, 5% and 2%). Preliminary degradation of
MBD with the different compositions of Photocatalyst revealed that 5% G.S N-ZnO had superior photocatalytic capabilities than

pure ZnO, 10% G.S N-ZnO, 2% G.S N-ZnO. The effects of solution pH, 5% G.S N-ZnO dosage and initial solution concentration

on MBD degradation were studied. An optimum percentage degradation of 83% and 97.5% were observed for pure ZnO and
G.S. N-ZnO photocatalyst at a solution pH of 9.0, MB solution concentration of 10 mg/L and photocatalyst of dosage of 100 mg.

Scanning Electron Microscope (SEM), X-ray Diffraction (XRD), Brunauer-Emmett-Teller (BET) and Fourier Transform Infrared
Spectroscopy (FTIR) were used to study morphology, structural properties, surface area and pore volume, and functional groups
of Pure ZnO and 5% G.S N-ZnO. FTIR spectra of the 5% G.S N-ZnO was in the range of 4000-500cm-1, and the ZnO group of
G.S N-ZnO was at a low wavenumber. The BET result revealed the surface area of 5% G.S N-ZnO to be 113.3cm2/g which was
five times that of pure ZnO. The BET result showed an increase in pore volume and diameter (2.118nm and 0.055¢cm3/g) of 5% G.S
N-ZnO against that of pure ZnO (1.452 nm and 0.010 cm3/g). The shift of the XRD pattern between pure ZnO and 5% G.S N-ZnO
affirms the presence of dopants in the crystalline structure of ZnO. The average crystallite sizes of pure ZnO and 5% G.S N-ZnO
were 34.7nm and 24.8nm, respectively. The findings from this research revealed that the simultaneous use of green synthesis and
doping could further improve the degradation of methylene blue dye compounds in industrial effluents and ultimately increase
the efficiency of wastewater treatment processes/systems.
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Introduction

Water pollution arising from the discharge of non-biodegradable
organic materials from process industries into water bodies poses
a threat to the eco-system and mankind. Seventy percent of the
earth is made up of water (Matt et.al, 2014) and recent projec-
tions has revealed that water sources are reducing and water would
be a scarce commodity in the future. Therefore, it is imperative
that sustainable solutions are developed to address the problem of
water pollution caused by organic compounds. Several industries
contribute greatly to water pollution and amongst them is the tex-
tile industry (Chen et.al, 2017) with a lot of effluents containing
non-biodegradable dyes. Quantitative and qualitative analysis con-
ducted on textile wastewater in the past revealed that they majorly
constitute of persistent organic pollutants (POPs). These POPs are
recalcitrant, mutagenic, carcinogenic and most times resistant to
biodegradation, physical methods and chemical methods (Lawal

et.al, 2017). A common type of dye found in textile effluents is
Methylene blue (MB). Methylene Blue is a cationic dye used in
textile industries for various purposes. It is aromatic in nature and
has a molecular formula of C16HI8N3S. When ingested into the
body system of living organisms, it causes genetic diseases and
cancer, and it can also result in death (Ullah et.al, 2017).

Over the years, various methods have been proposed to tack-
le water pollution by organic pollutants. Among these processes
are biological methods also called biodegradation and advanced
oxidation processes (AOPs). Advanced oxidation processes were
identified as the most efficient, sustainable and economically vi-
able method for degradation of organic pollutants in industrial/
municipal wastewater. Advanced Oxidation Processes (AOPs) are
of six types and among them, Photocatalysis has been identified
as the most suitable option for treating wastewater with high con-
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centration of organic pollutants (Silva et al. 2020). Photocatalysis
is the occurrence of redox reaction in the presence of visible light
or ultraviolet light and a Photocatalyst. However, Photocatalysis
is not without its own drawbacks and one notable drawback is the
difference energy band gap between the photocatalyst and light
source (visible light or ultraviolet light). Another drawback is the
recombination of electron (e-) and holes pair (h+) in the valence
band (Akpan & Hameed, 2009).. These drawbacks made research-
ers focus on photocatalyst precursors like semiconductor metallic
oxide i.e Titanium oxide (TiO,), Zinc Oxide (ZnO), Tungsten Ox-
ide (WO,), lodine (III) oxide (In,0,) and Tin Oxide (SnO). After
several investigations, ZnO was identified as a suitable photocat-
alyst precursor because of its light-emitting diodes, good sensor
abilities, solar light harvesting and high photo-stability (Ani et al.
2018), even though the challenge of electron/hole pair recombina-
tion and the energy bandgap difference still exists. This prompted
the introduction of doping process into the Photocatalyst prepa-
ration stage. Doping is the introduction of impurities into a ma-
terial’s crystalline shape. Recent studies by Nguyen and Marques
(2018) revealed that doping a photocatalyst with appropriate im-
purity material reduces the energy bandgap difference between the
photocatalyst and the visible light region, which in turn makes the
photocatalyst active in the visible light region. Material impurities
such as nitrogen, sulphur atoms, cobalt and graphitic carbon have
been identified and explored for doping in recent years.

In recent times, doping of ZnO with nitrogen has gained much
attention and several doping methods have been employed. These
methods include; thermal evaporation, thermal nitridation (with
ammonia precursor for nitrogen) and hydrothermal methods.
Among these methods, hydrothermal demonstrated better advan-
tages because of its simplicity, less time consumption, low energy
demands and eco-friendliness.

This study presents the synthesis of pure zinc oxide, green nitro-
gen doped zinc oxide (GS N-ZnO) and the photocatalytic degra-
dation of Methylene blue (MB) dye in synthetic wastewater with
GS N-ZnO.

Materials and Methods

Materials and Reagents: Sodium Hydroxide, Zinc nitrate hexa-
hydrate, Urea, Deionized water, Carica papaya leaf. . All reagents
and chemicals were purchased and delivered from Sigma Aldrich
Chemical Company and were analytical grade. Carica papaya
(paw-paw) leaf were collected from Minna Niger State, Nigeria,
washed with deionized water and stored in an environment with
room temperature.

Extraction of extract from Carica papaya: 10 g of well ground
dried paw-paw leaves was mixed with 100 ml of deionized water
in a 250 ml beaker. The mixture was stirred and heated for 30 min
and 60 °C respectively on a heating mantle. After this, the mixture
was allowed to cool and the liquid extract was collected and stored
in a refrigerator at 4 °C

Figure 1.0: Extraction of liquid from Carica papaya leaf

Synthesis of pure Zinc Oxide (ZnO): 0.7 M of zinc nitrate hexa-
hydrate [Zn(NO3)2.6H20] prepared and poured into a flat bottom
flask containing 30 ml of deionized water, and the mixture was
stirred at 50 rpm for 60 min. Drops of 4 M of NaOH was then add-
ed intermittently to ensure the precipitation of zinc oxide, and this
continued until no further precipitation was observed. The upper
region of the flat bottom flask (liquid layer) was then decanted and
the bottom region (solid layer) was collected and washed three
times with deionized water. The solid precipitates (ZnO) was then
oven-dried at 100 oC for 6 h and after this, the weight of dried ZnO
was observed to be 9.8g. Dried ZnO was calcined at 350 oC for 2
h in a muffle furnace.

Synthesis of green nitrogen-doped zinc oxide: 0.7 M of zinc nitrate
hexahydrate [Zn(NO3)2.6H20] was poured into a flat bottom flask
containing 30 ml of Carica papaya liquid extract and the solution
was stirred at 50 rpm for 60 min. The pH of the mixture was ad-
justed to 12 with aqueous solution of NaOH to ensure the complete
precipitation of green zinc oxide particles, and the mass of the par-
ticles was observed to be 9.8 g. 1 g of urea and 9.8 g of green
zinc oxide was then transferred to a flat bottom flask containing
30 ml of deionized water. The mixture was mixed vigorously at
80 rpm for 6 h and allowed to settle for 30 min. The liquid layer
at the upper region was then decanted and the leftover solid was
over-dried at 100 oC for 6 h. The resulting solid material (green
nitrogen doped zinc oxide) was calcined at 350 oC for 2 h in muffle
furnace. The process was then repeated with varying mass of 0.2g
to 2g of urea.
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Figure 2.0: Synthesis of green synthesized Zinc Oxide (G.S
Zn0)

Photocatalytic experiment with green nitrogen doped zinc oxide:
The performance of the green nitrogen doped zinc oxide was eval-
uated on the degradation of methylene blue dye compounds in
synthetic wastewater. 0.1 g of the photocatalyst was measured and
transferred into a flat bottom flask containing 100ml of methylene
blue dye solution and the pH of the solution was adjusted to 3
with intermittent drops of aqueous HCI acid. The mixture was first
stirred for 30 min inside a cupboard in the absence of visible light
to attain adsorption-desorption equilibrium. The mixture was then
exposed to sunlight for 3 h for the occurrence of Photocatalysis.
Liquid samples of the mixture was withdrawn after every 15 min,
centrifuged to obtain a clear solution and then analyzed with a UV
spectrophotometer. The spectrum was recorded at 668 nm and a
percentage decrease was evaluated with the Equation below.

Percentage removal = Co-Ct/ Co %100 (1)

Figure 3.0: Doping of nitrogen on G.S ZnO

Where Co and Ct are initial concentration and concentration at
time t. This procedure was repeated for pH values of 5, 9 and 11
and photocatalyst dosage of 0.2 — 1 g.

Result and discussion

Characterization of the Photocatalyst

Scanning electron microscope (SEM): The SEM technique was
used to study the morphology of the pure ZnO and green nitro-
gen doped ZnO. As shown in Figure I, the SEM micrographs for
pure ZnO and green nitrogen doped ZnO were taken at 200 nm.
The SEM micrograph of pure ZnO show a network configuration
of agglomerated elongated rod-like shapes while the SEM micro-
graph of green nitrogen doped ZnO revealed a loosed structure
of uniformly distributed particles. The increase in surface area in
green nitrogen doped ZnO affirms green synthesis had significant
effect on the photocatalyst and also suggest that it improves the
efficiency of the entire photocatalytic process.
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Figure 4.0: SEM Micrograph pf pure ZnO (A) and G.S N-ZnO (B)

Energy dispersive X-ray (EDX): The elemental composition of photocatalyst. The observed peaks of Potassium (K), Sulphur(S),
pure ZnO and green nitrogen doped and their respective weights magnesium (Mg) and phosphorus (P) in traces is attributed to sur-
are presented in the Figure II. Figure II presents two spectra for face contamination during the analysis. In addition, the carbon
pure ZnO (A) and green nitrogen doped ZnO (B). It can be ob- peaks observed are due to the carbon composition of the storage
served that sample B has nitrogen presented in minute amount, and  material and the carbon from the precursor for nitrogen (urea).
this resulted from the low doping ratio during the synthesis of the
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Figure 5.0: EDX spectra of pure ZnO (A) and green nitrogen doped ZnO (B)
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Brunauer-Emmett-Teller (BET): The surface area, pore size and
pore volume were determined through the BJH Adsorption method
of the BET analysis. As presented in Table 1, the surface area, pore
size and pore volume of pure ZnO was observed to be lower than
that of green nitrogen doped ZnO. This is attributed to the effects

Table 1: BET Summary

of green synthesis on pure zinc oxide. The high surface area, pore
diameter and pore volume of green nitrogen doped ZnO led to an
increase in percentage degradation of methylene blue dye com-
pounds.

Photocatalyst Pure ZnO Green N-ZnO
Surface area (m?%/g) 22.27 113.3
Pore diameter (nm) 1.453 2.118
Pore volume (cm?/g) 0.010 0.055

Fourier-transform infrared spectroscopy (FTIR): The functional
groups of pure ZnO and green nitrogen doped ZnO were inves-
tigated with the FTIR spectroscopy. The functional groups are re-
vealed in a wave number range frequency range of 4000 — 500
cm-1. As seen on Figure III below, eight peaks were present in
the pure ZnO and green nitrogen doped zinc oxide spectra. In Ta-

bles 2 and 3, the peaks and their corresponding groups and classes
are clearly stated. The third peak (1773.91 cm-1) belongs to N-O
stretching confirms the presence of nitrogen arising from doping
on the photocatalyst which agrees with a study carried out by Pra-
bakaran (2019).
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Figure 6.0: FTIR Spectra for pure ZnO and GS N-ZnO
Table 2: Frequency Table for Pure ZnO

Peaks (cm™) Group Class
3484.70 O-H stretching Alcohols
2763.80 C-H stretching Aldehydes
2426.52 C=0 stretching Carbon dioxide
1788.45 C-H bending Aromatic
1342.61 S=stretching Sulphone
834.27 C=H Alkene
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Table 3: Frequency Table for Pure G.S N-ZnO

Peaks (cm™) Group Class

2490 D-H stretching Carbon dioxide
1773.91 C=0 stretching Acid halide
152431 N-O stretching Nitro

1155.73 C-F stretching Floro

1069.698 S=0 stretching Sulphoxide
881.33 C=C bend Vinyldene

X-ray Diffraction (XRD): The phase composition, lattice parame-
ter and crystallite size of pure ZnO and green N-doped ZnO were
determined from the XRD spectra presented in Figure 4. The 26
values for Pure ZnO corresponding to diffraction peaks are 31.82,
34.53, 36.25, 47.57, 56.58, 62.94, 68.00, 69.140 and for nitrogen
doped ZnO, 26 values were 31.82, 34.53, 37.25, 47.57, 56.58,
62.94, 68.00, 69.140. These peaks correspond to the miller index
(100), (002), (101), (102), (110), (103) and (112) in that order. This
affirms that the hexagonal wurtzite structure of N-doped ZnO (Pra-
bakaran et al., 2019), which agrees with the JCPDS card no 36-
1451. On careful examination of the XRD pattern, one can notice
a minute shift in the third peak between pure ZnO and Nitrogen

doped ZnO. This confirms the presence of nitrogen resulting from
doping of urea on pure ZnO. The crystallite sizes of pure ZnO and
N-ZnO nanoparticles were calculated with the Bragg’s formula as
shown in Equation 2

D=0.89\/3cos © 2

Where D is the crystallite size of the photocatalyst, A is the wave-
length of the X-ray beam operating system, B is full width half
maximum and © is the angle of diffraction. The crystallite size of
pure ZnO and green N-doped ZnO were estimated as 34.7nm and
24 .8nm.
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Figure 7.0: XRD spectra for pure ZnO and green N-doped ZnO

Effects of process parameters on degradation of MB dye
with green N-ZnO

Effect of solution pH on degradation of MB dye: The pH of
the solution plays a significant role in Photocatalysis because the
pH of wastewater varies. Therefore it was imperative to study the
effects of solution pH on the degradation of methylene blue dye.
The pH of MB dye solution was adjusted with sodium hydroxide
(NaOH) and hydrochloric acid (HCI). The effect of solution pH
was studied at constant initial concentration of 10 mg/L and con-
stant photocatalyst dosage of 100 mg. From Figure 5, degradation
of MB dye was observed to be lower at pH of 3 and 5 but higher

at pH of 9 and 11. The low degradation of MB dye at pH 3 and 5
is attributed to the force of repulsion between MB and the pho-
tocatalyst surface. At p < 6, MB exists in a cationic form and the
point zero charge of the photocatalyst which was estimated to be
9.3 causes a force of repulsion between both surfaces, which led to
reduced adsorption and consequently low degradation of MB dye.
However, at pH > 7.7, MB exists in anionic form and this creates
an electrostatic attraction between the positively charged photocat-
alyst surface and MB dye, thus leading to high adsorption of MB
on the photocatalyst surface and consequently high degradation
(Priya et. al 2015)
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Figure 8.0: Effect of solution pH on degradation of MB

Effect of photocatalyst dosage on degradation of MB dye
The effect of photocatalyst dosage plays a significant role in Pho-
tocatalysis as it is vital for the optimization of materials in waste-
water treatment. In this research, the effect of photocatalyst dosage
at constant pH of 9, time of 75 minutes and constant initial concen-
tration of 10 mg/L was studied.

From Figure 6, it is observed that there is a continuous increase
in percentage degradation of MB dye as photocatalyst dosage in-
crease until the photocatalyst dosage exceeded 100 mg. Further
increase of photocatalyst dosage beyond 100 mg resulted in a de-
crease in percentage degradation. This may be attributed to the
agglomeration of photocatalyst particles in the solution, increase
in turbidity of the solution, which induce a reduction in light pen-
etration.
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Figure 9.0: Effect of photocatalyst dosage on degradation of MB
dye

Effect of initial concentration of MB dye solution

The changes in effluent concentration from the textile industry
made it imperative to study the effect of initial concentration on
percentage degradation. The effect of concentrations of MB dye
solution at constant photocatalyst dosage of 100 mg, solution pH
of 9 and time of 90 minutes was studied. From Figure 5, one can
notice that percentage ceased to after 90 minutes and initial con-
centration of 5 mg/L had highest degradation. From this, we can
deduce that percentage degradation decreases as the initial con-
centration of organic pollutants increases. This phenomenon can

be attributed to increase in dye sorbate o the surface-active sites of
the photocatalyst, thereby limiting adsorption of OH- which leads
reduced formation of highly oxidative OH* radicals. Also, higher
dye concentration reduces visible light penetration on the surface
of and active sites of the photocatalyst thus reducing the activity of
the photocatalyst. Vasiljevic (2020).
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Figure 10: Effect of initial concentration on degradation of MB
dye

Data fitting and Model Validation

Python Programming Language (Scipy, Numpy, Pandas and Mat-
plotlib libraries) was used to perform data fittings and model vali-
dation for this research. The lines of codes/scripts below describe
steps followed. The experimental data (concentration vs time) was
fitted on the first, second and third order kinetic equations. First
order kinetic equations had the best fittings as shown in Figure 8,
9, and 10 below, hence it was adopted for the kinetic studies.

a. Data fitting and model validation (1ST, 2ND & 3RD order
kinetics)

# Importing Python Libraries; Numpy, Scipy, Matplotlib

import numpy as np

from scipy.optimize import minimize

import matplotlib.pyplot as plt

# Creating variables; Ca is experimental concentration and T is
time in minutes

Cao = 5.0

Ca = np.array([5,2.85,1.85,1.05,0.55,0.3,0.125])

T = np.array([0,15,30,45,60,75,90])

# Defining a function

def kine(k,t,c):

Ca_cal = np.zeros(len(Ca))

for iin range(0, len(Ca)):
Ca_calli] = Cao*(np.exp(-k*T[i]))
res = Ca_cal - Ca

SSE = sum(res**2)

return SSE

#Minimize function
OPM = minimize(kine,0,,args=(T,Ca))
k = OPM.x
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# Reevaluation of parameters
Ca_cal = np.zeros(len(Ca))

Sfor i in range(0, len(Ca)):
Ca_cal[i] = Cao*(np.exp(-k*T[i]))

#Creating Plots

plt.ploy(T,Ca_cal,linewidth=2,color="b")
plt.scatter(T,Ca,color="r")

plt.xlabel(“Time (Min)”)

plt.ylabel(*“Concentration (mg/L”)

plt.title(“Data Fitting: st order Kinetics”)

plt.legend([ “Estimated Ca from st order kinetics”, “Experimen-
tal Ca’])

plt.show()

Similarly, the lines of code are repeated for 2~ and 3* order kinet-
ic equations by replacing Ca_cal[i] = Cao*(np.exp(-k*T[i])) with
Ca_cal[i] = Cao/(1+Cao*(k)*(T[i])) and Ca cal[i] = Cao*(np.
exp(-k*T[i])) with Ca cal[i] = (Cao**2/(1+2*(Cao**2)*(k)*(T
[i])))**(1/2) respectively.

Estimated Ca from 1st order kinetics

- Experimental Ca

Concentration (mg/L

o 20 40 50 80
Time (Min)

Figure 11: Experimental and Estimated data fitting for 157 order
Kinetic equation

Estimated Ca from 1st order kinetics
@ Experimental Ca

Concentration (mg/L

T T T T T
o 20 40 60 80
Time (Min)

Figure 12: Experimental and Estimated data fitting for 2"° order
Kinetic equation

5 —— Estimated Ca from 1st order kinetics
- Experimental Ca

Concentration (mg/L

(I) 2'0 4'0 6'() BID
Time (Min)
Figure 13: Experimental and Estimated data fitting for 3RD order
Kinetic equation

Reaction Kinetics
The rate of degradation of MB dye was studied with the first order
kinetics using the kinetic expression below;

In (Cao/Ca) =K * t. (1)

Where KC = rate constant and Cao = initial concentration and Ca
= concentration at time t.

Figure 11 presents a linear plot of In (C, /C)) against time. The
slope of each linear represents the rate constants (Kc) initial con-
centrations. The Kc values for 5, 10, 15 and 20 mg/L initial con-
centrations are 0.04 min™', 0.0325 min, 0.0282 min! and 0.0246
min™' respectively.

=5 mg/L =10 mg/L 15 mg/L 20 mg/L
4
3.5
3
©
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— 15 _
-
—
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0 20 40 _. . 60 80 100
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Figure 14: Plot of In (Cao/Ca) vs time
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Table 3: Rate constant (K) and correlation coefficients (R?)

C, (mg/L) Linear equation (K, R?

5 y =0.04x — 0.1086 0.04 0.9906
10 y =0.0325x - 0.084 0.0325 0.9888
15 y =0.0282x - 0.0011 0.0282 0.9976
20 y =0.0246x - 0.0595 0.0246 0.9955

Sum of square error (SSE) analysis

res =c_cal - c
SSE = sum(res**2)
Print(c_cal)
print(res)
print(SSE)

Where Ca_cal = estimated Ca, Ca = experimental Ca, t = time, SSE = sum of square errors and Cao = Initial concentration

Table 4: Sum of Square Error (SSE) Analysis

Time (min) Experimental Ca Estimated Ca Absolute Error [E| E?
0 5.00 5.00 0 0
15 2.85 2.94 0.09 0.0081
30 1.85 1.72 0.13 0.0169
45 1.05 1.01 0.04 0.0016
60 0.55 0.59 0.04 0.0016
75 0.3 0.35 0.05 0.0025
90 0.125 0.21 0.085 0.007225
X of E*=0.037925

Proposed reaction mechanism

The following reactions represents the proposed reaction mech-
anism for the photocatalytic degradation of methylene blue dye
with green synthesized nitrogen doped zinc oxide.

1.Absorption of efficient photons (hv>EG=3.2 ¢V) by green syn-
thesized nitrogen doped zinc oxide

N-ZnO + hv —* ¢-CB + h+VB

(Photocatalyst) (Photon)

2. Oxygen ionosorption (first step of oxygen reduction; oxygen’s
oxidation from 0 to —1/2)
(02) ads +e-CB ———#* O,0-

3. Neutralization of OH— groups by photo-holes which produces
OHpe radicals
(H20) ads + h+VB —# H*+ OHo

4. Neutralization of O20- by protons
0,0-+H" ———— HO,o0-

5. Transient hydrogen peroxide formation and dismutation of oxygen
2HO,0- —#» H,0,+ O,

6. Decomposition of H,0, and second reduction of oxygen
H,0,+e- —— OH-~ + OH-

7. Oxidation of the organic reactant via successive attacks by OHe
radicals

R+ OHe ——® R+ + H20

(akyl group)

8. Direct oxidation by reaction with holes
R + h+ — R+e degradation products

9. A case of step 8 involves holes can reacting directly with car-
boxylic acids and generating carbon dioxide
RCOO- + h+ R+ + CO2

Conclusion

The synthesis of pure zinc oxide and green synthesized nitrogen
doped zinc oxide (G. S N-ZnO) from zinc nitrate hexahydrate,
urea and paw-paw plants liquid extract has been carried out in
this research. The morphology, functional groups, surface prop-
erties and crystallinity of pure ZnO and G. S N-ZnO were studied
through SEM-EDX, FTIR, BET and XRD analysis. The distinct
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difference in results from SEM-EDX, FTIR, BET and XRD analy-
sis for pure ZnO and G. S N-ZnO confirms that doping and green
synthesis were successfully performed during the photocatalyst
preparation stage. The effects of process parameters such as: solu-
tion pH, photocatalyst dosage and initial concentration of MB dye
solution on degradation of MB dye with G. S N-ZnO were studied.
Optimum percentage degradation of MB with pure ZnO and G. S
N-ZnO at the same process conditions (solution pH of 9.0, photo-
catalyst dosage of 100 mg and Initial concentration of 10 mg/L)
were 83% and 97.5% respectively. The results obtained from this
study revealed that doping and green synthesis had significant
positive effect on the photocatalytic capability of zinc oxides and
consequently increases degradation of MB dye. In addition, this
research has demonstrated that degradation of organic pollutants
in the presence of sunlight during wastewater treatment is eco-
nomically viable, and could be deployed in large wastewater treat-
ment systems [1-40].
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