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By utilizing the combustion process, nanoparticles can be produced quickly, easily, and in an environ-
mentally friendly manner. In this study, sheep dung is employed as fuel for the synthesis of nickel oxide
nanoparticles (NiO-SD), and characterization techniques such as XRD, FTIR, UV, FESEM, and EDX, are used
to confirm the as-desired nanoparticles. Malachite green (MG) and methylene blue (MB), respectively, are
used as benchmark dyes to measure the photocatalytic effectiveness of the material and systematically
investigated the effects of the light source, dye concentration, dose of photocatalyst, and pH value on
the effectiveness of photocatalyst and photodegradation kinetics. It is found that the NiO-SD, when
exposed to UV light, shows good removal effectiveness of the MB and MG dyes, according to the pho-
todegradation data of 99.9% and 96.8%, respectively. The remarkable photodegradation efficiency of
MB and MG dyes over the developed photocatalyst is also explained by a plausible photo-catalytic pro-
cess. The green-manufactured photocatalyst can be a promising for ecological applications such as waste-
water remediation.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

In the current era human and aquatic lives are greatly affected
by highly stable toxic dyes and their effluents which are generated
by many industries like textile dyeing, plastic dyeing, paper, pesti-
cides, fertilizers, leather dyeing, food processing, petrochemical
industries (Zollinger 2003, Fosso-Kankeu et al. 2020, Tsai et al.
2023). These industries discharge effluents containing toxic dyes
which are difficult to degrade due to their chemical structure
which made those dyes highly stable. These poisonous organic
dyes cause intense environmental pollution. These damaging dyes
are degraded by many techniques such as chemical oxidation,
adsorption, precipitation, ion exchange, biological, reverse osmo-
sis, and photocatalysis (Zollinger 2003). Due to inefficient and
expensive procedures, these methods are likely to discharge dan-
gerous pollutants into the water bodies. Hence cost-effective and
environmentally benign substitute procedures are essential to
decrease the above-mentioned complications for the decomposi-
tion of dyes present in effluents. Among the approaches recom-
mended so far, Advanced-Oxidation-Process (AOP), is known to
be one of the best techniques for the decomposition of toxic dyes
in effluent water using semiconductor-based photocatalysts
(Pouretedal et al. 2009, Alharthi et al. 2020, Dalal et al. 2023),
mostly nanoparticles in nature, are widely used because of their
high efficiency, and eco-friendly nature (Mills et al. 1993, Lavand
and Malghe 2015, Hassaan et al. 2017, Navarro et al. 2017,
Natarajan et al. 2018, Natarajan et al. 2018, Pirhashemi et al.
2018, Belver et al. 2019, Di et al. 2019). Several nanoparticles such
as Fe, Sn, and Zn as well as the bimetallic combination has
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provided better degradation rates (Tammina et al. 2018, Mirgane
et al. 2021, Mahlaule-Glory et al. 2022, Padre et al. 2022, Gan
et al. 2023). Among these, NiO-NPs has been extensively studied
and have also been employed for the degradation of dye and other
pollutants (Jayakumar et al. 2017, Khairnar and Shrivastava 2019,
Akbari et al. 2020, Barzinjy et al. 2020, Ramesh 2021, Qamar
et al. 2022) along with various other uses such as catalysts, battery
cathodes, gas sensors, magnetic materials, antimicrobial (Singh
et al. 2018) etc. Due to its strong magnetic and electrical proper-
ties, NiO, a p-type semiconductor (Al Boukhari et al. 2020), is a sub-
ject of extensive research. Due to the immense importance of these
nanoparticles, there are extensive efforts for the development of
various methodologies for their synthesis of these amazing
nanoparticles, including green protocols. A variety of green meth-
ods for the preparation of metal oxide nanoparticles have been
reported such as plant-based synthesis, microbial synthesis, etc.
One more method that has attracted attention is solution combus-
tion synthesis, which can be included in the list of green method-
ologies of many researchers in the modern period (Mills et al. 1993,
Capek 2006, Lavand and Malghe 2015, Hassaan et al. 2017, Navarro
et al. 2017, Pirhashemi et al. 2018, Singh et al. 2018, Belver et al.
2019, Di et al. 2019).

In this work, an attempt is made to synthesize NiO NPs as pho-
tocatalysts in ecologically friendly and inexpensive combustion
methodology using the sheep dung as fuel [NiO NPs synthesized
using sheep dung as fuel are designated as NiO-SD NPs) to achieve
high photo-decomposition activity over two organic chronic dyes
(MB and MG dyes) as demonstrated in Scheme 1. The prepared
NiO-SD NPs are employed as photocatalyst for the removal of dyes
in an aqueous solution in presence of various light sources. Addi-
tionally, the effect of several catalytic factors such as irradiation
time, dye concentration (ppm), photocatalyst amount, and pH
value on the photocatalytic decomposition of MB and MG dyes
are also investigated. The photocatalytic data disclosed that the
NiO-SD NPs photocatalyst exhibited superior photocatalytic effi-
ciency for the degradation of MB and MG dyes under UV irradia-
tion, and a 97.7% and 96.8% of MB and MG dyes are decomposed
within 100 min, respectively, under the optimal conditions.
Scheme 1. Schematic representation of as synthesized NiO-SD NP
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2. Materials and methods

2.1. Materials

Analytical grade nickel acetate tetrahydrate, Ni(OCOCH3)2-
�4H2O(Merck) is utilized without further purification. Sheep
dung is collected and dried under sunlight for 12 days and used
as fuel.

2.2. Synthesis of NiO-SD NPs photocatalyst

The synthesis was carried out by using nickel acetate tetrahy-
drate (Ni(OCOCH3)2�4H2O, 98%, Sigma Aldrich) and dried sheep
dung. The dried sheep dung was mixed with aqueous solution of
Ni(OCOCH3)2�4H2O by constant stirring. The stirred solution was
kept in a preheated muffle furnace for 15 min at 500 ± 10 �C fol-
lowed by calcination at 500 �C for 3 h. The obtained black-
coloured product was stored in airtight vials.

3. Results and discussion

3.1. XRD analysis

The as-prepared NiO-SD NPs are subjected to X-ray diffrac-
tion analysis and the obtained diffraction pattern is shown in
Fig. 1a. The diffraction pattern obtained reveals the crys-
tallinity and purity of the NiO-SD NPs. The diffraction pattern
matches with the standard JCPDS card no. 4–835, which shows
that the NiO-SD NPs obtained is cubic in structure with lattice
constants a = b = c = 4.1769 Å, which belongs to the space
group: Fm-3 m. The peaks at 37�, 43�, and 63� were assigned
to (111), (200), (220) and (311) planes, respectively
(Salavati-Niasari et al. 2010, Patil et al. 2018). The average crys-
tallite sizes were determined (2h = 37, 43, 63) and found to be
8.79, 8.92 and 8.04 nm, respectively using Debye Scherer’s for-
mula (Eq. (1)

Crystalline size Dð Þ; D ¼ kk=b cos hð Þ ð1Þ
s and their photocatalytic activity towards dye degradation.



Fig. 1. (a) XRD pattern and (b) UV–vis and band gap spectra (inset) of as synthesized NiO-SD NPs.
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3.2. UV–vis analysis

Fig. 1b displays the UV–visible absorption spectra of as-
fabricated NiO-SD NPs together with an inset Tauc plot. The absor-
bance maximumwas noticed around 361 nm, which pointed to the
formation of NiO-NPs. This is due to fundamental band-gap
absorption, which is brought on by the electrical transition
between the valence and conduction bands of Ni atoms, as has
already been noticed. The direct band gap energy of NiO-SD NPs
as they have been produced is anticipated to be 3.6 eV by extrap-
olating the straight line in the Tauc plot.
3.3. FTIR analysis

Fig. 2a depicts an analysis of NiO-SD NPs that were formed
using FTIR spectroscopy. The spectral data demonstrate the forma-
tion of NiO-SD NPs with an intense peak related to the (Ni-O)
stretching vibrations below the wavenumber of 500 cm�1, as has
been previously reported in the literature(Sabouri et al. 2018).
Other absorption peaks, such the broad peak at 1030 cm�1, are
caused by absorbed CO2, which is most likely from the by-
products of the burning of sheep dung during the synthesis of
NiO-SD NPs.
Fig. 2. (a)FTIR and (b) Raman spectrum
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3.4. Raman analysis

The as-prepared nanocrystalline NiO-SD NPs subjected to
Raman spectroscopy, which reveals a spectrum of phonon-
related and magnon-related Raman bands, a wide one-phonon
(1P) band between �300-600 cm-1and two-phonon (2P) bands at
�808 cm�1, �966 cm-1and �1052 cm�1 along with a strong band
around 514 cm�1. The strong band at 514 cm�1 is characteristic
of NiO-SD NPs(Gouadec and Colomban 2007). Additionally, the
presences of low intensity two-magnon band at �1551 cm�1 cor-
roborates the formation of nanoparticles as desired, which is usu-
ally a high-intensity band for bulk material (Fig. 2b) (Mironova-
Ulmane et al. 2019). The results are in good agreement of the crys-
tallite size calculated using the Debye Scherer equation.
3.5. SEM and EDX analysis

The topological characteristics of the as-obtained NiO-SD NPs
are assessed using FE-SEM. The NiO-SD NPs images clearly display
porosity on their surface while possessing irregular morphology
(Fig. 3a). Additionally, the elemental composition is confirmed
using EDX spectroscopy which is displayed in Fig. 3b. It demon-
strates that the generated Nanoparticles contain the desired ele-
of the as synthesizedNiO-SD NPs.



Fig. 3. (a) FE-SEM micrographs of the fabricated NiO-SD NPs and (b) EDX spectra of the prepared NiO-SD NPs.
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mental composition, namely Ni and O, the atomic percentages
obtained are displayedas inset (Fig. 3b).

3.6. Photo-degradation efficacy results

The fundamental objective of the present study is to employ the
environment-friendlyNiO-SD NPs as photo-catalyst for the photo-
elimination of the hazardous MB and MG, harmful pollutants exist-
ing in the wastewater emissions from textile manufacturing. The
photo-catalytic removal efficiency of the as-obtained NiO-SD NPs
has been examined by varying the several catalytic parameters.
According to theoretical studies, various factors determine the
photocatalytic efficacy of the catalyst including, the crystal struc-
ture, band-gap, surface area, particle size, morphology, and quanti-
ties of free radical ions (OHd) on the surface of the catalyst (Zhang
et al. 2018).The proposed model described the generation of pho-
toproduced charge carriers on surface of photo-catalyst by absorb-
ing light and the generated electrons and holes will participate in
the process or they do reunion. If the additional surface has pro-
vided for the electrons and holes, they will relocate where the elec-
trons have trapped by catalyst, while the holes have caught by
hydroxyl radicals to produce OHd and HO2

d. In case of metallic
oxide nanoparticles, extra surface was available for relocation of
electrons and holes and consequently the produced OHd were uti-
lized efficaciously to dye photo-elimination process (Kumar et al.
2021). The data obtained from the UV–vis spectra, it was obvious
that the prepared materialis active in UV domain. Moreover, the
band-gap calculated to be Eg = 3.6 eV (Asgharian et al. 2019). This
study meticulously assesses the photocatalytic parameters of light-
ing source, concentration of dye, catalyst dosage, and pH value,
with MB and MG dyes have been chosen as the reference harmful
dyes for photocatalytic elimination. The variation in absorption
intensity between the peaks recorded at 663 nm (MB kmax) and
556 nm (MG kmax) is measured to aggregate the collected results.
The initial dye concentration (Ci) and final dye concentration (Cf)
in the photocatalytic protocol were calculated from the UV–vis
spectrum and the degradation efficiency calculation for the MB
and MG has conducted using the subsequent formula (2)

Degradation activ ity %ð Þ ¼ Ci � Cf

Ci
� 100 ð2Þ
3.6.1. Impact of source of light on MB and MG dyes photo-
decomposition

The initial studies focus on the light source with the maximal
degradation performance for the generated NiO-SD NPs. To get
the best lighting source exhibits maximum photo-degradation of
MB and MG dyes, three different lighting conditions including,
4

dark, visible light, and UV-irradiation were utilized in the experi-
ments. The photo-catalytic data obtained was illustrated in Fig. 4.
When the photo-elimination test was performed in dark condition,
the photo-degradation of MB and MG dyes are disintegrating
insignificantly and could be neglected. It has been noticed that only
3.0% of MB and 5.0% of MG dyes were degraded by NiO-SD NPs
under dark conditions. Additionally, the degradation data from
the tests conducted using visible light and UV-irradiation is com-
pared, the attained results disclose that the removal of MB and
MG under UV-irradiation is significantly higher than degradation
attained using visible light. For UV-irradiation, the synthesized
NiO-SD NPs efficaciously degrades 97.7% of MB dye substantially
higher than visible light, which yielded just 19% decomposition
at the identical time (100 min) as demonstrated in Fig. 4a. Similar
to this, MG dye exhibited extremely higher degradation activity of
96.8% using UV-irradiation compared to visible light, which
decomposed just 18.0% of MG at the similar circumstances
(Fig. 4b). The UV–Vis spectrum (Fig. 1b) of NiO-SD NPs in good
agreement with the data attained for the photo-elimination of
MB and MG using UV-irradiation. According to afore mentioned
observations, the decomposition efficacy of MB and MG in pres-
ence of UV-irradiation is higher than visible light. Thus, it can be
concluded that the NiO-SD NPs are efficacious photocatalysts
under UV-irradiation and remaining optimization experiments
are performed in presence of UV-irradiation.
3.6.2. Impact of photocatalyst amount on MB and MG dyes photo-
decomposition

The appropriate photocatalyst dose is the important factor that
influences the removal activity. Therefore, the catalyst concentra-
tion for the removal efficacy of MB and MG was investigated by
varying dosage of NiO-SD NPs from 5 to 20 mg using UV-
irradiation, whereas other parameters i.e., lighting source, dye con-
centration, and pH was kept constant. Obviously, the outcomes
apparently illustrated that the MB and MG removal effectiveness
is significantly affected by the photocatalyst dosage utilized
(Fig. 5).The results revealed that, only 69.0% and 78.8%of MB and
MG dye degradation are obtained, respectively, when a 5 mg of cat-
alyst has employed. As anticipated, as the quantity of catalyst
increased to 10 and 15 mg, an 88.0% and 97.7% degradation of
MB and degradation of MG of 90.2% and 96.8% has attained, respec-
tively. Notably, by increasing catalyst concentration to 20 mg led to
a reduction in degradation performance and 82% for degradation of
MB (Fig. 5a) and 92.0% for degradation of MG (Fig. 5b).The
improvement in the decomposition efficacy was typically owing
to the introducing additional active sites in the reaction that can
produce more free radicals. When the amount of catalyst surpassed
a critical border there will not be enough distance for the nanopar-



Fig. 4. Impact of lighting source on elimination of MB (a) and MG(b). (Circumstances: 15 mg catalyst dosage, 4 ppm dye conc., and 7pH value).

Fig. 5. Impact of catalyst dose on photo-elimination of MB (a) and MG (b). (Circumstances: 4 ppm dye conc., 7pH value, and UV-irradiation).
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ticles to disperse in the medium and the nanoparticles will adhere
to each other and agglomerated, could be due to the surface energy
of particles. Consequently, the majority of the active sites were
blocked and the photo degradation performance declined
(Nguyen et al. 2018). As demonstrated in Fig. 5a and 5b), both
MB and MG dyes exhibit the best photodecomposition efficacy at
15 mg photocatalyst dosage. Henceforth 15 mg is a suitable photo-
catalyst dosage for the maximal photo-catalytic removal of MB and
MG.

3.6.3. Impact of MB and MG dyes concentration on removal activity
Influence of dye concentrations on photodecomposition efficacy

of MB and MG was evaluated by varying dye concentration from 4
to 16 ppm employing UV-irradiation while the 15 mg catalyst dose
and pH value of 7 keeping constant as illustrated in Fig. 6. The
degradation data clearly displayed that the photo-degradation rate
was inversely proportionate to MB and MG dyes concentration at
same circumstances, which highest elimination efficiency has been
observed at minimum concentration (4 ppm).The elimination
activity of MB progressively dropped from 99.7% to 71.5% as MB
concentration increased from 4 to 16 ppm (Fig. 6a).Similar trend
occurs for photodegradation of MG dye, as MG concentration
increases from 4 to 16 ppm, the photodecomposition efficacy of
MG reduced from 99.9% to 80.0% (Fig. 6b). This abatement mainly
attributed to the reduced light absorption on the surface of catalyst
by increasing concentration of dye, which leads to decrease in the
generation of OH� ions which play a fundamental role in photo-
5

elimination process (Nguyen et al. 2018).As a consequence, the
maximum removal effectiveness was attained at the MB and MG
concentration of 4 ppm, so, 4 ppm concentration of dye has been
chosen for further optimization tests.

3.6.4. Influence of pH on photodecomposition efficacy
The pH value usually has an explicit effect on photo-catalytic

degradation of harmful dyes and the decomposition performance
usually related to the amounts of hydroxyl radicals (OH�) present
in the medium, which increases the photo-degradation effective-
ness several folds in high pH solutions. Fig. 7a and 7b display that
the impact of pH on photocatalytic removal of MB and MG catal-
ysed by NiO-SD NPs. The influence of pH of solution on photo-
decomposition of MB and MG has assessed at three pH values of
4, 7 and 10 with preserving other variables unaltered (4 ppm dye
conc., 15 mg catalyst dosage and UV-irradiation).As it has pre-
dicted, the lowest decomposition performance was attained at
minimum pH value (pH = 4) with 50.0% and 46.0% of MB and MG
decomposed after 100 min, respectively. However, by increasing
the pH, the NiO-SD NPs exhibited higher removal efficacy which
degraded 80.0%, and 100% of MB dye within only 80 min at pH7,
and 10, respectively (Fig. 7a). In addition, 96.8% and 100% of MG
dye has been degraded within 100 min at pH7, and 10, respec-
tively, at same photocatalytic circumstances (Fig. 7b).The observa-
tions distinctly demonstrated that the dye decomposition in basic
solution is extremely higher than acidic solution, presumably
scribed to higher pH values leads to production of negative charges



Fig. 6. Impact of dye concentration on elimination of MB(a) and MG(b). (Circumstances: 15 mg catalyst dosage, 7pH value, and UV-irradiation).

Fig. 7. Impact of pH on elimination of MB (a) and MG (b).(Circumstances: 15 mg catalyst dosage, 4 ppm dye conc., and UV-irradiation).
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on the surface of catalyst. It is noteworthy to mention that the MB
and MG are both positively charged cationic dyes that have a pos-
itive charge and the dyes can be easily adsorbed on the surface.
Besides, higher quantities of hydroxyl radicals (OH�) were
adsorbed on the catalyst surface and the photo-decomposition of
dyes was conducted more efficaciously in alkaline medium
(Farzana and Meenakshi 2014).

The kinetic results of photo-decomposition of MB and MG cat-
alyzed by the prepared NiO-SD NPs obviously disclosed that the
photo-catalytic elimination reaction takes places via Langmuir-
Hinshelwood pseudo-1st-order reaction based on the subsequent
formula (3)
Ln Ci=Cfð Þ ¼ kt ð3Þ
The afore mentioned formula showed that Ci is initial concen-

tration of dye at 0 min, Cf represents final concentration of dye
at time t and the t (minutes) is the irradiation time, and k is rate
constant. The MB photo-removal rate constants of 0.00656,
0.03316, and 0.18373 min�1were attained for pH 4, 7 and 10,
respectively, as presented in Fig. 8a. However, the MG photo-
6

elimination rate constants of 0.00573, 0.02937, and 0.12605min�1-
were calculated for pH 4, 7, and 10, respectively, as displayed in
Fig. 8b.

Table 1 displays the comparison of photo-catalytic removal
effectiveness of the present study with many already reported pho-
tocatalytic systems for removal of MB and MG. It is apparent that
our photocatalyst in the current work possesses relatively superb
photo-elimination efficiency for MB and MG.
3.7. Photo-degradation mechanism

Approach 2 demonstrates a probable scheme (Scheme S1) for
the photo-elimination of MB and MG on surface of NiO-SD NPs.
In presence of UV-irradiation, the electrons and holes were gener-
ated between valence-band (VB) and conduction-band (CB) of NiO-
SD NPs. Hence, the photogenerated electrons (e�) formed in CB of
NiO is scavenged by O2 to give anion radical (O2

��) and next reacted
with proton (H+) produces �OOH. However, the photogenerated
holes (h+) were produced in VB of NiO will reacts with –OH or
H2O to produce extremely reactive species of hydroxyl radicals



Fig. 8. Kinetics data of photo-breakdown of MB(a) and MG(b) over NiO-SD NPs photocatalyst.

Table 1
Photodecomposition performance comparison of the as-prepared NiO-SD NPs with other formerly reported photocatalysts for removal of MB and MG.

Photo-decomposition of MB

Material Time (min.) Lighting source Catalyst dosage Conc. of dye % of Degradation Ref.

NiO-SD NPs 100 UV-lamp 15 mg 4 ppm 100 Herein
GO/TiO2 240 500 W Xe-lamp 0.2 g/L 5.0 ppm 99.0 (Kurniawan et al. 2020)
Ag-ZnO 30 Solar light 100 mg 10.0 ppm 98.5 (Stanley et al. 2021)
MnWO4 180 300 W W-lamp 50 mg 2.5 � 10�5 M 82.0 (Kumar et al. 2021)
Ag[Cu@Ag] 480 Solar light 2 g/L 10 ppm 40.7 (Miri and Ghorbani 2021)
ZnO–Au/Pd 180 200 W Xe-lamp 0.5 mg 5 � 10�5 M 97.0 (Lee et al. 2019)
chl/TiO2 120 14 W LED lamp 2.5 g/L 20 ppm 85.0 (Krishnan and Shriwastav 2021)
Mn3O4-rGO 120 Solar light 3 mg 1.0 ppm 60.0 (Jarvin, et al. 2021)
WO3-ZnO@rGO 90 200 W W-lamp 10 mg 5.0 ppm 94.0 (Chaudhary et al. 2020)
Ag3PO4/WO3�H2O 30 300 W Xe-lamp 40 mg 10 ppm 98.9 (Tang et al. 2021)
Co/Ni-MOFs@BiOI 240 300 W PLSSXE 0.2 g/L 20 ppm 81.3 (Chen et al. 2021)
2%Fe-ZnO 180 150 WHg-lamp 10 mg 10 ppm 92.0 (Isai and Shrivastava 2019)
ZnO 120 10 W Hg-lamp 100 mg 15 ppm 90.0 (Soto-Robles et al. 2021)
Ag-ZnO@GO 180 20 W Xe-lamp 20 mg 15 ppm 85.0 (Tran Thi et al. 2019)

Photo-decomposition of MG
NiO-SD NPs 100 UV-lamp 15 mg 4 ppm 100 Herein
GO/CuFe2O4 210 UV-lamp 0.01 g 5 � 10�5 M 90.7 (Yadav et al. 2021)
Gd-ZnS 10 160 W UV-bulb 100 mg 25 ppm 93.9 (Dhir 2021)
TiO2/Cellulose 60 UV-lamp 0.9 g/L 20 ppm 78.3 (Pang et al. 2021)
rGO-Fe3O4/TiO2 55 500 WHg-lamp 15 mg 5.5 ppm 99.0 (Bibi et al. 2021)
Fe-TiO2/AC 45 200 W UV-lamp 1.0 g/L 100 ppm 97.0 (Loo et al. 2021)
MnFe2O4 60 UV-lamp 30 mg 50 ppm 100 (de Andradeet al. 2021)
CuFe2O4@BC 90 UV-lamp 0.2 g/L 100 ppm 98.9 (Huang et al. 2021)
CoO Nanoparticles 100 Xe-lamp 0.5 g/L 1 � 10�5 M 91.2 (Verma et al. 2021)
La-ZnO/SiO2 140 300 W Xe-lamp 15 mg 15 ppm 96.1 (Wang et al. 2021)
CdSNanoparticles 60 300 W UV-lamp 50 mg 10 ppm 91.0 (Munyai et al. 2021)
BiVO4/g-C3N4 60 300 W Xe-lamp 1.0 g/L 30 ppm 98.3 (Li et al. 2021)
ZnO/CNT 60 200 W LED-lamp 10 mg 30 ppm 79.0 (Arsalani et al. 2020)
Co3O4/RP 20 300 W Xe-lamp 2 mg 20 ppm 94.5 (Tao et al. 2020)
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�OH. Consequently, the generated radical ions �OH are in charge of
the complete dye degradation, which leads to form lower harmful
products like H2O and CO2. As a result, the photogenerated active
species (�OH and h+) are in charge of the breakdown of hazardous
pollutants (MB and MG), and probable mechanism could besum-
marized as following equations.

NiOþ hm! NiO e� þ hþ� � ð4Þ

NiO e�ð Þ þ O2 ! O��
2 ð5Þ
7

O��
2 þ Hþ!�OOH ð6Þ

�OOH ! O2 þ H2O2 ð7Þ

e� þ H2O2 !� OHþ�OH ð8Þ

NiO hþ� �þ�OH=H2O !� OH ð9Þ
�OH þ dye ! CO2 þ H2O ð10Þ



Fig. 9. Graphical illustration of reusability data of NiO-SD NPs against degradation
of MB and MG dyes ([dye] = 4 ppm, dosage of NiO-SD NPs = 15 mg and pH 7).
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According to the aforesaid equations, the photocatalytic decom-
position of MB and MG was accomplished over NiO-SD NPs
photocatalyst.
4. Reusability of NiO-SD NPs

The utilized NiO-SD NPs are treated and used for the degrada-
tion of both MB and MG dyes under identical conditions as in
detailed studies. The used photocatalyst was calcined at 300 �C
and reused for the degradation of both MB and MG dyes at opti-
mized condition of 15 mg catalyst, 4 ppm dye under pH 7 with
the illumination of UV light. NiO-SD NPs showed performance as
shown in the by Fig. 9. It can be observed that upon the first-
time reuse there is a slight depreciation of catalytic activity, how-
ever upon reactivation of catalyst and reusing it for the second
time, the results revealed that there is a significant depreciation
in catalytic performance.
5. Conclusions

In summing up, we have efficiently synthesized NiO-SD NPs,
through an environmentally-benign, low cost, straightforward,
and one-step combustion of sheep dung procedure. The character-
ization tools of the as-obtained catalyst confirmed that the cubic
structure NiO-SD NPs phase. The fabricated NiO-SD NPs has been
used for the photo catalytic decomposition of MB and MG as dele-
terious industrial pollutants. The results revealed that the NiO-SD
NPs is effective and the removal effectiveness has been enormously
affected by varying the lighting source, photocatalyst quantity, irra-
diation time, concentration of dye, and pH of medium. The as-
synthesized photocatalyst NiO-SD NPs showed commendable pho-
tocatalytic efficacy (100%) ofMB andMGdyeswithin 100min at the
optimum circumstances. It is noteworthy to note that the outstand-
ing photo-elimination performance of NiO-SD NPs for removal of
MB and MG, mainly attributed to electron-hole separation gener-
ated on NiO-SD NPs surface using UV-light. The low cost,
environment-friendly, and highly efficient NiO-NPs with photocat-
alytic properties can be considered as an ideal material for wastew-
ater treatment and related photo-catalytic applications.
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