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ARTICLE INFO ABSTRACT

Keywords: Photocatalysts workable under direct sunlight are the safe and cost-effective option for water
S'fr’mﬁu_m oxide purification. The nanocomposites of strontium oxide and zinc oxide (SZ NCs) were synthesized
Zinc oxide using coprecipitation method. The respective precursors of SZ NCs were subjected to alkaline
gj;?gginpomes hydrolysis and subsequently thermally treated to yield SZ NCs. The SZ NCs with different ZnO
Photocatalyst composition was synthesized by varying the concentration of ZnO precursor from 0.2 to 1 M. The

structural properties of SZ NCs evaluated using X-Ray diffraction (XRD), Thermogravimetric
analysis (TGA), and Differential thermal analysis DTA). The optical properties of SZ NCs studied
using ultraviolet-visible (UV-Vis) spectroscopic study. The trend observed in the intensity of XRD
peaks indicated the occurrence of Zn doping in the crystalline lattice of SrO and the formation of
SrO-ZnO composite. Upon incorporation of 1 M of ZnO precursor, the grain size of the SrO was
decreased from 49.3 to 27.6 nm. The weight loss in the thermal analysis indicates the removal of
carbonates from the sample upon heating and shows the formation of an oxide structure. UV-Vis
spectra confirmed that the presence of SrO enhanced the sunlight absorption of SZ NCs. The
increase in the composition of ZnO precursors increased the bandgap of SrO (2.09 eV) to the level
of ZnO (3.14 eV). SZ NCs exhibited heterostructure morphology, where the nanosized domains
with varying shapes (layered and rod-like) were observed. Under direct sunlight conditions, SZ
NCs prepared using 1 M/0.6 M of SrO/ZnO precursors exhibited 15-20 % higher photocatalytic
efficiency than neat SrO and ZnO. In precise, 1 mg of this SZ NC was degraded 98 % of malachite
green dye dissolved in water (10 ppm) under direct sunlight. Additionally, the thermal stability
results showed that 18 % decomposition was obtained due to the degradation impurities in SrO/
ZnO catalysts and the XRD results revealed that no structural change is obtained in SrO/ZnO
photocatalysts after stability test. The SZ NCs can be effectively used as safe and economic
sunlight photocatalysts for water purification in remote areas without the electricity.
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1. Introduction

In recent years, metal oxide based semiconducting nanomaterials have been recognized as the potential photooxidation agents
because of their unique physical and chemical properties [1]. They are noted to have the ability to mineralize the harmful organic
compounds present in the effluent discharged from the textile, leather, paint, and pharmaceutical industries [2-6]. When irradiated
with the light source with appropriate energy, the electrons in the surface of these metal oxide semiconductors excited and led to the
generation of electron and hole pairs. The photo-generated electron-hole pair in turn reacts with water and O3 in air and renders the
strong reactive oxygen species [7-9]. In principle, these metal oxide semiconductors serve as heterogeneous photocatalysts [10] that
can photo oxidizes the organic compounds dissolved in water. Thus, by virtue, these materials were considered as most suitable for
removing effluent from secondary waste-water treatment, which is free from settleable and floatable solid impurities [11]. Titanium
dioxide (TiO3) and zinc oxide (ZnO) are commonly used wide bandgap (3.2 eV) metal oxide semiconductor photocatalysts. Because of
their chemical stability, abundance, non-toxicity, and low cost, TiO, and ZnO are considered as suitable for practical application.
Moreover, in photocatalysis, ZnO can exhibit a high potential because of its direct bandgap, anisotropic crystal growth, and rapid
charge carrier mobility. The lifetime (>10 s) and mobility (200-300 em? V! s of an electron in ZnO are higher than life time
(75-350 ps) and mobility (0.1-4.0 cm? V™! s71) of TiO5. Due to the higher mobility, the charge carriers easily migrate to the surface of
ZnO upon light absorption thereby generating electron-hole pairs. These electron-hole pairs play an effective role in the photocatalysis
reaction [12,13].

For environmental applications, the potential of ZnO photocatalysis has been not realized because ZnO is more amenable to acid/
alkaline corrosion, and encounters rapid recombination of photo-generated electron hole pairs. Similar to TiO», due to its large band
gap (3.2 eV) ZnO also work under harmful ultraviolet light, constituting only 4 % in the sunlight. ZnO photocatalyst also suffers due to
low recyclability [14]. Surface modification and formation composite with other metal oxides composites were reported as useful for
addressing the issues pertaining to ZnO. The corrosion resistance of ZnO was enhanced for forming a thin layer of SiO, or TiO3 [15,16].
Heterojunctions formed with low band gap semiconductors such as CdS, BiVO4, and AgsPO4 were extended lifetime of charge carriers
by preventing their rapid recombination and also imparted the visible light photocatalytic activity [15]. Visible light constitutes 43 %
of solar radiation. Coupling of ZnO with high Eg (5.5-5.9 eV) semiconductor, strontium oxide (SrO) also proved as beneficial for
increasing the lifetime of charge carriers [17,18] and as well as the utilization of solar radiation. In the band gap posting of ZnO and
SrO, location of the valence band (VB) of ZnO is situated in between the VB and conduction band (CB) of SrO. The CB of ZnO is
positioned above the SrO. Therefore, when excited with visible light of sufficient photon energy, the electron in the VB of ZnO moves to
the CB of SrO while holes migrate to its VB [18]. The effective charge separation and possibility for the utilization of visible light make
ZnO-SrO heterojunction as a potential option for environmental photocatalysis under direct sunlight. Low band gap SrO (~1.8-2 eV)
nanoparticles and nanorods showing light absorption at visible region were also reported [19-21].

Harish et al. prepared the ZnO-SrO nanocomposites by the one-pot hydrothermal method. In the ZnO-SrO nanocomposites, the
ZnO-SrO heterojunction was formed due to the coating of SrO nanoparticles on the surface of ZnO. When studied using methylene blue
dye as a target organic pollutant, this composite exhibited a 9-fold higher photocatalytic under visible light [22]. Rizwan et al. reported
the improved photocatalytic activity of ZnO by Mn and Sr doping. The formation of intermediate state and hindered recombination
leads to higher photocatalytic activity in the doped ZnO system [23,24]. The synergistic effect of binary composites of SnO and Mnz03
composites towards the utilization of sun light and reduced recombination reported by the Rabia et al. [25]. ZnO-SrO composites were
also prepared by solid-state sintering at a temperature above 1000 °C. The resultant composites were explored for non-photocatalytic
application. The ZnO-SrO nanocomposites prepared by ZuO et al. by sintering precursors at 1050 °C was used as the catalyst for the
depolymerization of poly(ethylene terephthalate) under microwave radiation. The hydrolytic depolymerization rate of 93.13 % was
achieved when poly(ethylene terephthalate) was treated with 0.5 % of catalyst [26]. Rohini et al. prepared ZnO-SrO by sintering at
1250 °C, the SrO addition was enhanced the performance of ZnO varistors components used in arrestors meant for protecting the
electrical equipment from external and internal overvoltage [27]. The economic route for the synthesis of ZnO is alkaline hydrolysis of
the suitable precursor at ambient temperature conditions [28]. SrO was synthesized by alkaline hydrolysis [29,30] and also by using
Ocimum sanctum leaf extract as a reducing agent [31]. The use of alkaline hydrolysis or coprecipitation method will be crucial for
preparing inexpensive ZnO-SrO nanocomposite active under direct sunlight.

In the present work, SrO-ZnO nanocomposites (SZ NCs) were synthesized using the alkaline coprecipitation method. To the best of
our knowledge, there was no such taken. Also, the performance of SZ NCs under direct sunlight is not yet reported elsewhere. The
ZnO-SrO NCs with varying Zn content were synthesized. Zinc acetate dihydrate and strontium acetate hemihydrates were used as
precursors for ZnO and SrO, respectively. The resultant NCs were characterized using X-ray diffraction (XRD) analysis, Field emission
scanning electron microscope (FESEM), Ultraviolet-Visible (UV-Vis), and infrared spectroscopic studies. The photocatalytic properties
of these NCs were evaluated under direct sunlight. The basic dye, malachite green (MG) was used as a model organic pollutant. For
comparison, ZnO and SrO nanoparticles were synthesized separately and subjected to characterization identical to the ZnO-SrO NCs.

2. Experimental
2.1. Materials

Strontium acetate hemihydrates (Sr(CH3COO)2.5H20, 98 %)), Zinc acetate hexahydrate (Zn(CH3COO).2H20, 98 %), Sodium
hydroxide (NaOH, 98 %), Malachite green (Ca3H25CIN3 98 %), and ethanol (C2HeO, 99 %) were procured from Merck, India, and used
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Fig. 1. Schematic of wet chemical method followed to synthesize SrO-ZnO nanocomposites.

as received. Deionized water (D.I.) was prepared in the laboratory and used wherever required during the experiments.
2.2. Synthesis of SrO and ZnO nanoparticles

Strontium oxide nanoparticles were synthesized by using the co-precipitation Method. In a typical synthesis, 0.5 M of strontium
acetate hemihydrates was gradually added to 50 ml of ethanol under stirring. The 1 M sodium hydroxide solution (10 ml) was
separately prepared and added dropwise to the mixture at room temperature for an hour (h). The pale white slurry was formed, and it
was washed several times with D.I. water and ethanol. The washed precipitate was dried in a hot air oven at 60 °C for an h. Then, it was
annealed at 800 °C in a muffle furnace for 2 h. After annealing, SrO NPs powders were collected and stored in airtight vials. The ZnO
was also synthesized using the identical method, where, 0.5 M of zinc acetate dehydrate was taken instead of strontium acetate
hemihydrates and it was annealed at 400 °C.

2.3. Synthesis of SrO-ZnO NCs

The schematic of steps followed to synthesize SZ NCs is shown in Fig. 1. Strontium acetate hemihydrates (1 M, 10.73 g) and zinc
acetate dihydrate (1 M, 10.98 g) were gradually mixed in 100 ml of ethanol solutions under continuous stirring. Then, 10 ml aqueous
solution and sodium hydroxide (1 M) were added drop-wise to the above mixture and stirred for 2 h. The obtained precipitate was
washed with D.I. water and absolute ethanol. Washed precipitate was dried at 60 °C for 1 h, and annealed at 800 °C for 2 h. The Zn
content in the ZnO-SrO NCs was varied by changing the concentration of zinc acetate dihydrate (0.2, 0.4, 0.6, 0.8, and 1 M). The
samples were coded as ZnO-SrO-X, where X = the concentration of zinc acetate dihydrate used.

2.4. Characterization

The crystal structure and grain size of SZ NCs were studied by the PW3071 X-ray diffractometer. The Cu-K « radiation was used.
The surface morphology was observed using Quanta 200F FESEM coupled with EDAX, and operated at the accelerating voltage of 30
KV. Electronic absorption and band-gap of the SZ NCs were obtained from the UV-Vis spectra using a JASCO V-750 UV-Vis spec-
trophotometer in diffused reflectance method. The functional group present in the SZ NCs was measured using PerkinElmer Spectrum
two spectrometer with diamond ATR in the mid-IR range (4000-400 cm ).
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Fig. 2. X-ray diffraction patterns of SrO-ZnO nanocomposites.
2.5. Photocatalysis experiments

The photocatalytic activity of SZ NCs was evaluated using 10 ppm of an aqueous solution of MG dye under direct sunlight. All
photocatalysis experiments were performed at the premises of Gobi Arts & Science College, Gobichettipalayam, Tamilnadu, India. In
250 ml Erlenmeyer flask, 1 mg ZnO-SrO NCs and 100 ml of 10 ppm MG solution were taken. To establish adsorption-desorption
equilibrium, the MG solution was stirred for 30 min under dark conditions. Then, the contents of MG solution were exposed to
direct sunlight in clear sky condition between 11 and 2 p.m. An aliquot of 5 ml was withdrawn at every 20 min time interval. The
collected aliquot was centrifuged, and the supernatant was collected to evaluate the changes in MG concentration as a function of
photocatalysis time. Withdrawn aliquots were analyzed using a JASCO V-750 UV-Visible spectrophotometer. The electronic ab-
sorption maxima of MG at 617 nm were taken into consideration. The changes in concentration of MG dye were calculated using the
Lambert-Beer law. The dye degradation efficiency was determined using the following equation.

Dye degradion Effiency (%) =~ X 100
0

Where, Cy_Initial absorbance of the dye solution; and C = Absorbance of the dye solution after catalytic degradation at regular in-
tervals time. For the repeatability, the photocatalytic measurements were repeated twice and the average data plotted is shown in
Fig. 13.

3. Results and discussion
3.1. Crystalline structure SrO-ZnO nanocomposites

The XRD pattern of SrO, ZnO NPs, and SrO-ZnO NCs were shown in Fig. 2. Strong diffraction peaks observed at 20 values of 25.38,
30.30, 35.13, 50.53 and 60.07° corresponds to SrO diffraction planes (202), (111), (200), (220), and (311), respectively belonging to
Fm-3m space group (JCPDS no. 06-520) [32-34]. In the XRD pattern of ZnO NPs, the 26 peaks were appeared at 31.73, 34.36, 36.20,
47.46, 56.52, 62.75, and, 66.29°, these peaks were corresponding to (100), (002), (101), (102), (110), (103) and (200) planes of ZnO,
respectively. All of these XRD peaks were consistent with the standard diffraction data belonging to the hexagonal wurtzite phase of
ZnO (JCPDS card no. 89-0511) [25,35,36]. In the XRD pattern of SrO-ZnO NCs, all characteristic peaks of SrO and ZnO were present.
Though the inclusion of ZnO can be identified from the appearance of relevant peaks, there was predictable increase in the intensity of
these peaks with the increase in the concentration of ZnO precursor opted during the synthesis of SrO-ZnO NCs. In all the NCs samples,
only the diffraction peaks of SrO were dominant. From this observation, it can be inferred that SrO-ZnO NCs were not just a mixture of
SrO and ZnO, instead, major portion of Zn may be doped within the crystalline lattice of SrO [23].

In order to get further insight on this observation, all XRD patterns were subjected to statistical analysis. Based on the intensity of
the major peak, 25.38° (202), the overall intensity of SrO and SrO-ZnO NCs were normalized unity. In the case of ZnO, the XRD pattern
was normalized to unity on the basis of the intensity of the predominant peak, 36.47° (101). First the change in the crystalline structure
of SrO with respect to the concentration of ZnO precursor, ratio of intensities of the major peak, and other clearly distinguishable peaks
that appeared in between the ZnO peaks was taken into consideration. The 44.33°, 29.80°, and 50.18° peaks of SrO selected for
comparison, as they were clearly distinguishable and not merged with ZnO peaks. The plots showing the changes in ratio intensities of
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Fig. 3. Changes in intensity of XRD peaks of SrO (a), ZnO (b), and grain size of crystals in SrO-ZnO nanocomposites (c) as a function of con-
centration of ZnO precursor, d) X-ray diffraction patterns of SrO-ZnO nanocomposites before and after photocatalytic activity.

these peaks, i.e., 44.33°/25.33°, 29.80°/25.33°, and 50.18°/25.33°, were illustrated in Fig. 3a. When compared with neat SrO, the
intensity ratio of all these peaks in SZ-0.2 was 1.8-3.2 times higher. Further increase in the concentration of ZnO precursor had no
significant effect. Only a slight increase in the ratios of peak intensity was noticed. Likewise, changes in the crystalline structure of ZnO
were also assessed. The ratio of intensity of the major ZnO peak, 36.47°, and the other distinct ZnO peaks at 56.84°, 62.95°, and 68.11°
were taken into consideration. As shown in Fig. 3b, the intensity ratio of 56.84°/36.47°, 62.95°/36.47°, and 68.11°/36.47° in neat SZ-
0.2 was 3-5 times higher than ZnO. Similar to SrO, only a slight increase in the ratio of peak intensities was observed due to a further
increase in the concentration of ZnO from 0.4 to 1.0 M. The observation gained from Fig. 3 a-b, confirms the dominance of SrO in the SZ
NGs, irrespective of the concentration of ZnO precursor fed initially during synthesis, and both SrO and ZnO were slightly increased the
crystallinity of each other. The average grain size of SrO, ZnO, and SrO-ZnO-NCs was estimated using Debye-Scherer’s formula. The
grain size estimated for SrO was 49.3 nm, and it was 47.3 nm for ZnO NPs. Fig. 3¢ shows changes in grain size with respect to increase
in the concentration of ZnO precursor. The grain size was gradually decreased as with increase in the concentration of ZnO precursor.
The gradual decrease in crystallite size also indicate that the incorporation of Zn®" ions into Sr?* lattice positions. Unlike, hydro-
thermally prepared SZ NCs prepared by Harish et al., here, no additional peaks emerged. SZ NCs prepared by Harish et al., were
exhibited two additional peaks at 41.78 and 48° corresponding (211), and (204) planes of orthorhombic phase of ternary compound,
SrZnO; [25]. Therefore, XRD pattern of SZ NCs obtained here confirmed the occurrence of both doping of Zn®" ions into Sr?* lattice
and formation of SrO-ZnO composite.

Fig. 3d shows the XRD spectra of 0.6 M SrO-ZnO NCs before and after photocatalytic experiment. The catalyst was collected after
the photocatalytic experiment and subjected to the XRD analysis. The observed peaks of 0.6 M SrO-ZnO NCs after photocatalytic
experiment are well matched with the SrO-ZnO NCs before photocatalytic experiment. Also, no other peaks or suppression of peaks is
observed after degradation studies for the sample. This result clearly indicates the stability of prepared NCs [23].

3.2. Functional group analysis of SrO-ZnO nanocomposites

The chemical functional group characterization was done by scanning the prepared samples in the IR range 400-4000 cm ™', FT-IR
spectra of SrO, ZnO NPs, and SrO-ZnO NCs are shown in Fig. 4a. The observed wavenumber from the recorded spectra and its cor-
responding assignments are demonstrated in the figure. In SrO and ZnO NPs, the band at 708 cm™!, 857 cm ™! and 1063 cm ™ are due
to symmetric and asymmetric vibration of Sr—O bond, and the peak at 581 cm ™! shows Zn-O bending vibrations, respectively. For
SrO-ZnO NCs, the peaks observed are well-matched with the bare SrO and ZnO confirming the presence of SrO and ZnO bonds in the
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Fig. 5. TG and DTA spectrum of 0.6 M SrO-ZnO nanocomposite.

composites samples. Moreover, there is no additional peaks found during FT-IR studies indicate the formation of desired samples. Also,
Fig. 4 (b) shows the FT-IR spectra of 0.6 M SrO-ZnO NCS before and after photocatalytic activity measurements. The observed peaks
for the 0.6 M SrO-ZnO NC after photocatalytic activity are well correlated with the peaks of the FT-IR spectrum of SrO-ZnO NC before
activity. The absence of other peaks in the FT-IR spectrum of 0.6 M SrO-ZnO NC indicates that there are no residual belonging to MG
dye is present in the sample. This result clearly indicates that the prepared NC strongly degrades the MG dye under sunlight. Also, the
catalyst doesn’t degrade after the activity which indicates the stability of the NC [29,31,37].

3.3. Thermal analysis (TG/DTA)

Fig. 5 shows the TG and DTA curves of the 0.6 M SZ NCs sample obtained between 27 °C and 950 °C. Thermal decomposition was
performed in dry air at the heating rate of 20 °C min~". In the TG curve, it can be observed that there is a weight loss observed after
600 °C indicates that there is a thermal decomposition of carbonates present in the sample. An exothermic peak was observed in the
DTA curve between 746.9 °C and 948.4 °C corresponding to the thermal decomposition of SrCOs. Also, it is observed that the
decomposition was observed in the temperature above 600 °C with a weight loss of 18 % indicating the removal of surface impurities.
The results revealed good thermal stability of SZ - 0.6 NCs [30,38,39].
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3.4. Optical properties of SrO-ZnO nanocomposites

The UV-Vis absorption spectra of SrO, ZnO, and SZ NCs were shown in Fig. 6. The SrO exhibited broad absorption starting from UV
to the visible region (700 nm) with a peak at 340 nm. In ZnO, the entire absorption range was well within the UV region. Almost, there
was no light absorption above 400 nm. Based on the concentration of ZnO precursor, the nature of light absorption of SZ NCs were
varied between SrO to ZnO. The electronic absorption of SZ-0.2 was mostly similar to SrO. Upon increasing the concentration of ZnO,
the absorption was gradually transformed. In SZ-1.0, the nature of absorption range and peak become almost identical to neat ZnO. In
contrary to the XRD pattern, where SrO peaks were dominated in SZ NCs, UV-Vis spectra of SZ, a clear influence of ZnO was witnessed.
Upon increase in the concentration of ZnO precursor, the UV-Vis spectra of SZ NCs were getting predominantly occupied by the
electronic absorption peak of ZnO. Here it is very important to note that UV-Vis spectra were measured in the diffuse reflectance
method. In the diffuse reflectance mode, the spectra were obtained as result of incident radiation directly reflected from the material’s
surface and also reflected after diffusing in to the materials [24]. As light with the wavelength spanning from near UV through visible
to infrared regions, the photons interact with the first 10-20 nm of materials that can strongly absorb theses photons, such as semi-
conductors, alloy and metals. In case of non-transparent materials, these photons can interact with 50-100 atomic layers [40]. When
analyze the obtained UV-Vis spectra of SZ NCs, by sticking with the principle of diffuse reflectance method, it can be understood that
some part of ZnO was coated on the surface of SrO. XRD patterns of SZ NCs also indicated that a portion of ZnO precursor lead to the
formation of ZnO coating on SrO.

The optical band gap of SrO, ZnO, and SZ NCs were estimated by using Tauc — Lorentz relation: (¢ hv)" = B(hv-Eg), where, a =
absorbance, hv = photon energy, E; = optical band gap, B = constant relevant to the material, n = 2 for direct transition, and n = 1/2
for indirect transition. The Eg can be obtained by extrapolating the linear portion of (a hv)" curve to zero. Fig. 7 show the band gap
diagram of SrO, ZnO and SZ NCs. The changes in E; of SZ NCs as a function of increasing concentration of Zn precursor was shown in
Fig. 8. The Eg of neat SrO was 2.09 eV, and it was increased to 2.55 eV for SZ-0.2. For SZ-0.4, SZ-0.6 and SZ-0.8, the band gap increased
to 2.88, 2.99 and 2.99 eV, respectively. The Eg of SZ-1.0 (3.12 eV) was almost become equal to Eg of neat ZnO (3.14 eV). The trend
observed in Eg of SrO, ZnO and SZ NCs were consistent with their UV-Vis spectra, where with increase in the concentration of ZnO
precursor, the range of electronic absorption of SZ NCs were gradually become identical to ZnO. Similarly, the same trend was repeated
in Eg of SZ-1.0 and ZnO. In the literature, the SrO NPs (E; = 2.2 eV) and nanorods (Eg = 2.4 eV) synthesized using wet chemical method
were exhibited the broad absorption with the peak 320, and 297 nm respectively [22,23]. The Eg and electronic absorption was
comparable with these reports. The obtained Eg value of SrO was just above the value reported for bulk SrO (Eg = 1.8 eV) [24]. The
absorption at UV region and E, of ZnO synthesized using wet chemical was well within the results reported in relevant literature [41,
42].

3.5. Morphology and elemental composition of SrO-ZnO nanocomposites

Fig. 9 (a-h) shows the FESEM images of SrO, ZnO and SZ NCs. In SrO, on a cluster, the sub-100 nm nanostructures with varying
shapes such as spherical, cube, random and rod-like, were seen. Whereas, in ZnO uniform semi-cylindrical domains varying in
diameter and length were observed. SZ-0.2 exhibited layered structure, on which spherical, cylindrical and rod-like domains were
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Fig. 9. FESEM images of SrO-ZnO nanocomposites: (a) SrO, (b) ZnO, (c) SZ-0.2, (d) SZ-0.4, (e) SZ-0.6 — Zone 1, (f) SZ-0.6 — Zone 2, (g) SZ-0.8, and
(h) Sz-1.0.

spotted. In SZ-0.4 and SZ-0.6, a cluster of nanostructures with different shapes was observed. When closely observed, planer and
random shaped nanostructures were found in SZ-0.6. In SZ-0.8, a mixture of rod-like, random and sub 50 nm spherical domains can be
located on the well grown layered structure. In SZ-10, a layered cluster having spherical shaped domain coated on the surface was seen.
The appearance of heterostructures on the SZ NCs confirms the formation SrO and ZnO composite and doping of Zn in the SrO lattice.
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Fig. 10. (a). EDS spectra of SrO-ZnO nanocomposites. (b). EDS mapping of Sr, Zn, and O elements.

(b)
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Fig. 10. (continued).

Table 1
Elemental composition of SrO, ZnO and SZ NCs.

Samples Element Normal % Atomic %

SrO Sr 59.95 21.47
(0] 40.05 78.53

ZnO Zn 64.19 30.49
o 35.81 69.51

SZ-0.2 M Sr 59.44 21.18
(0] 40.50 78.84
Zn 0.06 0.03

SZ-0.4 M Sr 51.66 16.61
O 47.03 82.82
Zn 1.11 0.55

SZ-0.6 M Sr 60.73 22.39
(0] 38.16 77.06
Zn 1.31 0.57

SZ-0.8 M Sr 49.94 17.96
(0] 38.95 76.70
Zn 11.10 5.35

SZ-1.0 M Sr 41.18 13.63
(0] 44.03 79.81
Zn 14.79 6.56

Fig. 10 (a) shows the EDS spectra of SrO, ZnO NPs and SZ NCs. SrO and ZnO contain Sr + O and Zn + O peaks, respectively. In SZ NCs,
strontium, oxygen and Zinc atoms were present and intensity of Sr peak was decreased with increasing the concentration of ZnO
precursor. The Sr content was decreased due to the addition of Zn?" in the strontium sites [31]. The raw EDS mapping of various
elements present in the sample is shown in Fig. 10 (b). Different elements present in the sample are indicated by a different color and
the selected area for the EDS scanning shows the uniform distribution of elements in the entire area. This adds further support for the

above EDS spectra analysis. The atomic and weight percentage of prepared samples are shown in Table 1.
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Fig. 11. Photocatalytic properties of SrO-ZNO nanocomposites; UV-Vis spectra of Malachite Green dye as a function of photocatalysis time and
overall photocatalytic efficiency. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of
this article.)

3.6. Photocatalysis degradation of malachite green dye by SrO-ZnO nanocomposites

Fig. 11 shows the UV-Vis spectra of MG dye treated with SrO, ZnO NPs and SZ NCs, and the overall photocatalytic efficiency of
these materials. As a function of time, the characteristic absorbance of MG at 617 nm was decreased gradually. The MG solution being
treated became colorless after 160 min. When compared with ZnO, both SrO and SZ NCs were led to the fast decolorization of MG. The
MG decolorization was attributed to the non-selective photooxidation caused by reactive oxygen radicals including, hydroxyl and
superoxide radicals upon exposure to direct sunlight. The SrO and ZnO did not adsorb MG, whereas the SZ-0.2, SZ-0.4, SZ-0.8 and SZ-
1.0 were adsorbed almost 15 % of MG. Though there were a few % changes in the amount of MG removed after 160 min, the rate of MG
removal has appeared the same. SZ-0.6 was adsorbed almost 30 % of MG and led to rapid MG removal. ZnO exhibited the lowest
efficiency due to poor solar light absorption. The amount of MG degraded with SrO and ZnO was 86 % and 83 %, respectively. The % of
MG degradation efficiency estimated for SZ NCs are as follows: SZ-0.2 = 93; SZ-0.4 = 97; SZ-0.6 = 98; SZ-0.8 = 94; and SZ-1.0 = 92 %.
Among different composites, the Sr—Zn-0.6 has the highest photocatalytic activity and completely degrades the Malachite green within
140 min under direct sunlight. The highest photocatalytic efficiency of SZ NCs was due to the ease of photoactivation in direct sunlight
resulting from the presence of both SrO and ZnO.

The above results showed that the hybrid photocatalyst are most efficient than single one. In the case of NCs, the valence band (VB)
of ZnO is located in between the conduction (CB) and VB of SrO, and the CB of ZnO is located above the VB and CB of SrO. Whenever
the light radiation incident on the photocatalyst, the electrons from the valence band of ZnO is transferred to the conduction band of
ZnO. As time passes, the electrons in the conduction band of ZnO are transferred to the conduction band of SrO as it locates just below

12
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Fig. 13. Trapping experiment of MG using Hybrid SrO-ZnO NCs.

the conduction band of ZnO. Also, the holes are transferred from the valence band SrO to the valence band of ZnO. This transfer causes
the effective charge separation and suppression of carrier recombination in NCs. As a result, there will be higher production of O3 and
*OH radicals [43-50], facilitating to the rapid oxidation of pollutants. The proposed photocatalytic mechanism is shown in Fig. 12.

Based on the above results obtained, we propose a possible Photocatalytic mechanism of the degradation of MG under visible-light
irradiation

SrO / ZnO + hv = SrO /ZnO (e /h™) (€D
0, + e— — 0>~ (2)
H,O + h+ — eOH + h™ 3)
05 +2H + e~ — Hy0, 4
H,0, + e~ — eOH + OH™ (5)
h* + OH™ — eOH (6)
eOH + MG — CO; + H)O 4+ NO3 + NHy++ CI™ @

Furthermore, the radical scavenger experiment of the active species during the sonocatalytic process is shown in Fig. 13. The
scavengers such as IPA, EDTA, and BQ, were used as hydroxy radicals (.OH), holes (h™), and superoxide radicals (.03), respectively
[51-56]. The photocatalytic efficiency of SrO-ZnO NCs using IPA, EDTA, and BQ were, 91.17 %, 73.75 %, and 82.33 %, respectively.
These results revealed that.O3, and.OH are the major active species in MG pollutant degradation using SrO-ZnO NCs.

Fig. 14 shows the photocatalysis experiment data of first (experiment), second and third run. The graph is plotted time against C/
Cop. From the third run, we do not observe much variation. The result indicates the repeatability and stability of the prepared sample.

13
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Fig. 14. Photocatalytic data of first (experiment), second and third run.

The pseudo-first-order reaction [23] through a Langmuir — Hinshelwood (LH) rule was used to measure the degradation of dyes as
follows.

In (Cp /C) =Kt

Where, Cy = Initial absorbance, C = Absorbance after a time, K = First - order rate constant, t = time of irradiation.
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Fig. 15. Pseudo-first-order kinetic plot for photo-decolorization of MG solution.

Table 2
Pseudo first order kinetic Parameters.

Samples Rate constant K (min ') Correction Coefficient (Rz)
SrO 0.01668 0.89978
ZnO 0.01254 0.86717
SZ-0.2 M 0.0148 0.72551
SZ-0.4 M 0.09751 0.86308
SZ-0.6 M 0.00946 0.87146
SZ-0.8 M 0.04012 0.74661
SZ-1.0 M 0.00265 0.85320

Table 3
Comparison of MG degradation efficiency of SZ NCs with other reference photocatalyst.
Catalyst Catalyst amount Dyes Light Degradation % time Reference
Source
ZnO -SrO 0.1 mg/50 ppm MG UV lamp 220 min [52]
SrO-Sn0O, 0.35 mM, 0.75 mM Azo dye, UV lamp -
pesticide
Ag,0. Sr0. 0.03gL™1,0.04¢gL 1 0.05gL71,0.06gL10.07g MV dye Visible light ~ Ag,0 = 66,120 min [54]
Ca0 ! SrO = 72/120 min CaO = 43/
120
Ag»0. SrO. CaO = 100/120
Sr0/GO 0-80 mg L™* 100 mg L™! Solar light 74.5 [55]
Sr doped ZnO 10 mg L7} MB Xenon lamp  50/45min [56]
SrO-ZnO 10 ppm MB Visible light ~ 50/120 min [22]
\SrO-ZnO 1mg/10 ppm MG Visible light ~ 98/160 min Present
work

The obtained photocatalytic data were found to be fit with pseudo —first — order kinetic model in which In (Cy/C) was plotted for all
the reactions against the reaction time (min). Fig. 15 shows the linear relationships plot of In (Cy/C) vs irradiation time. Straight lines
were obtained with correlation co-efficient R? and the slope represents Rate constant K (min™!) is known as pseudo-first-order re-
action. The obtained kinetic data confirms the higher reaction associated for 0.6 M SZ NCs in the prepared samples. The obtained
kinetic parameters are tabulated in Table 2. The obtained result for the synthesized sample is compared with standard references and is
tabulated in Table 3.

4. Conclusion

SZ NCs were synthesized by the co-precipitation method. The XRD patterns and UV spectra confirmed the formation of SZ NCs. A
major portion of Zn atom was doped in the SrO lattice and remaining were coated as ZnO on the surface of SrO. The presence of SrO
extended the light absorption of SZ NCs to the visible region. The incorporation of ZnO increased the bandgap of SZ NCs from 2.09 to
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3.12, depending on the concentration of ZnO precursor used during synthesis. The sub-100 nm-sized heterostructures were found in
the FESEM images of SZ NCs. The elemental composition estimated by EDS spectra also confirmed the presence of Sr, Zn, and O in the
SZ NCs. The SZ-0.6 sample exhibited the highest photocatalytic efficiency under direct sunlight. The combination of SrO and ZnO were
favored the effective use of direct sunlight for environmental photocatalysis. Aforementioned finding suggests that SZ-0.6 NC sample
can be a safe and potential sunlight photocatalyst useful for practical and cost-effective water purification. As SZ NCs were proved to be
activated by direct sunlight, they can be used for water purification in remote areas without electricity.

Declaration of interest’s statement
The authors declare no conflict of interest.
Data availability statement
Data will be made available on request.
Additional information
No additional information is available for this paper.
CRediT authorship contribution statement

Govindharaj Anandhakumari: Conceptualization, Data curation, Writing — original draft. Palanisamy Jayabal: Data curation,
Formal analysis, Methodology, Writing — original draft. Athinarayanan Balasankar: Data curation, Formal analysis, Investigation,
Writing — original draft. Subramaniyan Ramasundaram: Data curation, Formal analysis, Software, Validation. Tae Hwan Oh:
Formal analysis, Resources, Validation, Writing — review & editing. Kanakaraj Aruchamy: Formal analysis, Resources, Software.
Parashuram Kallem: Formal analysis, Resources, Writing — review & editing. Veerababu Polisetti: Formal analysis, Resources,
Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgements

The author G. A. and P. J. Acknowledge the DST Government of India for the Common Instrumentation facility under the FIST grant
(SRF/FST/College-2018-302 (C)). The authors G.A., A.B. and P.J. acknowledge the support of Common Instrumentation facility at
Gobi Arts & Science College, Gobichettipalayam, Erode, Tamilnadu, India-638 543. V.P. wished to thank KTH Royal Institute of
Technology for the financial support to publish this article with open access.

References

[1] D. Chen, Y. Cheng, N. Zhou, P. Chen, Y. Wang, K. Li, Huo, P. Cheng, P. Peng, R. Zhang, L. Wang, H. Liu, Y. Liu, R. Ruan, Photocatalytic degradation of organic
pollutants using TiO2 based photocatalyst: a review, J. Clean. Prod. 268 (2020), 121725.
[2] N.M. Mahmoodi, M. Oveisi, M. Bakhtiari, B. Hayati, A.A. Shekarchi, A. Bagheri, S. Rahimi, Environmentally friendly ultrasound-assisted synthesis of magnetic
zeoliticimidazolate framework - graphene oxide nanocomposites and pollutant removal from water, J. Mol. Liq. 19 (2019) 115-130.
[3] J. Prakash, S.B.N. Krishna, P. Kumar, V. Kumar, K.S. Ghosh, H.C. Swart, S. Bellucci, J. Cho, Recent advances on metal oxide based nano-photocatalysts as
potential antibacterial and antiviral agents, Catalysts 12 (2022) 1047.
[4] N.M. Mahmoodi, M. Bashiri, S.J. Moeen, Synthesis of nickel-zinc ferrite magnetic nanoparticle and dye degradation using photocatalytic ozoniation, Mater. Res.
Bull. 47 (2012) 4403-4408.
[5] H.B. Mahmoodi, N.M. Maleki, Dendrimer-titaniananocomposite: synthesis and dye-removal capacity, Res. Chem. Intermed. 41 (2015) 3743-3757.
[6] B. Hayati, N.M. Mahmoodi, M. Arami, F. Mazaheri, Dye removal from colored textile wastewater by poly(propylene imine) dendrimer: operational parameters
and isotherm studies, Clean — Soil, Air, Water 39 (2011) 673-679.
H.F. Sadighian, S. Hosseini, H. Monfared, N.M. Mahmoodi, Dye removal and kinetics of adsorption by magnetic chitosan nanoparticles, Desalination Water
Treat. 57 (2016) 24378-24386.
[8] N.M. Mahmoodi, M. Ghezelbash, M. Shabanian, F. Aryanasab, M. Renasaeb, Efficient removal of cationic dyes from colored wastewaters by dithiocarbamate-
functionalized graphene oxide nanosheets: from synthesis to detailed kinetics studies, Journal of the Taiwan Institute of chemical engineers 81 (2017) 237-246.
[9] A. Almasian, N.M. Mahmoodi, M.E. Olya, Tectomer grafted nanofiber: synthesis, characterization and dye removal ability from multicomponent system, J. Ind.
Eng. Chem. 32 (2015) 85-98.
[10] D. Asefi, N.M. Mahmoodi, M. Arami, Effect of nonionic co-surfactants on corrosion inhibition effect of cationic gemini surfactant, Colloids Surf. A Physicochem.
Eng. Asp. 355 (2010) 183-186.
[11] W. Fan, Z. Zhou, W. Wang, M. Huo, L. Zhang, S. Zhu, W. Yang, X. Wang, Environmentally friendly approach for advanced treatment of municipal secondary
effluent by integration of micro-nano bubbles and photocatalysis, J. Clean. Prod. 237 (2019), 117828.
[12] S.G. Kumar, K.S.R.K. Rao, Zinc oxide based photocatalysis: tailoring surface bulk structure and related interfacial charge carrier dynamics for better
environmental applications, RSC Adv. 5 (2015) 3306-3351.

[7

—

16


http://refhub.elsevier.com/S2405-8440(23)08032-5/sref1
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref1
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref2
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref2
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref3
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref3
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref4
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref4
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref5
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref6
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref6
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref7
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref7
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref8
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref8
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref9
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref9
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref10
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref10
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref11
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref11
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref12
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref12

G. Anandhakumari et al.

[13]

[14]
[15]

[16]

[17]

[18]

[19]
[20]

[21]
[22]

[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]

[36]

[37]

[38]
[39]

[40]
[41]
[42]
[43]
[44]
[45]
[46]

[47]

[48]

[49]
[50]
[51]
[52]

[53]

Heliyon 9 (2023) 20824

Y. Zhang, B. Wu, Y. Tang, D. Qi, N. Wang, X. Wang, X. Ma, T.C. Sum, X. Chen, Prolonged electron lifetime in ordered TiO, mesophyll cell-like microspheres for
efficient photocatalytic water reduction and oxidation, Small 12 (17) (2016) 2291-2299.

X. Gu, C. Li, S. Yuan, M. Ma, Y. Qiang, J. Zhu, ZnO based heterojunctions and their application in environmental photocatalysis, Nanotechnology 27 (2016) 21.
D. Lai, G. Kong, C. Che, Synthesis and corrosion behavior of ZnO/SiO2 nanorod-sub micro tube super hydrophobic coating on zinc substrate, Surf. Coating.
Technol. 315 (2017) 509-518.

L. Gao, E.N. Zaoui, F. Marty, M. Erfan, S. Baatide, Y.L. Wang, T. Bourouina, TiO; — coated ZnO Nanowire Arrays: a photocatalyst with Enhanced chemical
corrosion resistance, Catalysts 11 (2021) 289.

W. Alrashedi, H. Kochkar, G. Berhault, M. Younas, A.B. Ali, N.A. Alomair, R. Hamdi, S.A. Abubshai, O. Alagha, M.F. Gondal, M. Haroun, C. Tratrat,
Enhancement of the photocatalytic response of Cu-doped TiO2 nanotubes induced by the addition of strontium, J. Photochem. Photobiol. Chem. 428 (2022),
113858.

S. Harish, M. Sabarinathan, J. Archana, M. Navaneethan, K.D. Nisha, S. Ponnusamy, V. Gupta, C. Muthamizhchelvan, D.K. Aswal, H. Ikeda, Y. Hayakawa,
Synthesis of ZnO/SrO nanocomposite for enhanced Photocatalytic activity under visible light irradiation, Appl. Surf. Sci. 418 (2017) 147-155.

M.M. Rahman, M.M. Husain, A.M. Asiri, A novel approach towards the hydrazine sensor development by SrO.CNT nanocomposite, RSC Adv. 6 (2016), 65338.
M.M. Husain, M.M. Rahman, A.M. Asiri, Sensitive L-leucine sensor based on a glassy carbon electrode modified with SrO nanorods, Microchim. Acta 183 (2016)
3265-3273.

K.R. Nemade, S.A. Waghuley, UV-VIS spectroscopic study of one pot synthesized strontium oxide quantum dots, Results Phys. 3 (2013) 52-54.

S. Harish, M. Sabarinathan, J. Archana, M. Navaneethan, K.D. Nisha, S. Ponnusamy, Vinay Gupta, C. Muthamizhchelvan, D.K. Aswal, H. Ikeda, Y. Hayakawa,
Synthesis of ZnO/SrO nanocomposites for enhanced photocatalytic activity under visible light irradiation, Appl. Surf. Sci. 418 (2017) 147-155.

R. Akram, A. Fatima, Z.M. Almohaimed, Z. Faroog, K.W. Qadir, Q. Zafar, Photocatalytic degradation of methyl green dye mediated by pure and Mn-doped zinc
oxide nanoprticles under solar light irradiation, Adsorpt. Sci. Technol. 2023 (2023) 1-15.

R. Akram, Z.M. Almohaimeed, A. Bashir, M. Ikram, K.W. Qadir, Q. Zafar, Synthesis and characterization of pristine and strontium doped Zinc oxide
nanoparticles for methyl green photo- degradation application, Nanotechnology 33 (2022), 295702.

R. Naeem, M.A. Mansoor, K. Munawar, A. Adnan, T. Zaharinie, M.N.M. Zubir, Versatile fabrication of binary composite SnO; - Mn,O3 thin Films by AACVD for
Synergistic photocatalytic effect, J. Electronic Materials 50 (2021) 3897-3906.

M. Zuo, W. Zhang, Q. Feng, C. Han, D. Zhang, Preparation of ZnO.SrO and its catalysis to PET depolymerization under microwave irradiation, Adv. Mater. Res.
557-559 (2012) 135-138.

R. Rohini, C.P. Sugumaran, M. Meikandan, Thermal analysis of ZnO-SrO composite-based surge arrester under power frequency applied voltages using comsol,
Tierarztl. Prax. 41 (2021) 382-390.

J.N. Hasnidawani, H.N. Azlina, H. Norita, N.N. Bonnia, S. Ratim, E.S. Ali, Synthesis of ZnO nanostructures using sol-gel method, Procedia Chem. 19 (2016)
211-216.

Alimuddin, M. Rafeeq, Synthesis and characterization of strontium oxide nano particle by sol-gel method, Orient. J. Chem. 37 (1) (2021) 177-180.

T. Athar, Synthesis and characterization of strontium oxide nanoparticles via wet process, Material focus 2 (2013) 450-453.

G. Apsana, P. George, N. Devanna, R. Yuvasravana, Biomimetic synthesis and antibacterial properties of strontium oxide nanoparticles using Ocimum sanctum
leaf extract, Asian J Pharm Clin Res 11 (3) (2018) 384-389.

K. Ravichandran, N. Chidambaram, T. Arunc, S. Velmathid, S. Gobalakrishnan, Realizing cost-effective ZnO:Sr nanoparticles graphene nanospreads for
improved Photocatalytic and antibacterial activities, RSC Adv. 72 (2016) 67444-68559.

S. Sarmin, A. Ethiraj, M. Tarek, B. Rengaraju, K.M.R. Karim, H.R. Ong, H. Abdullah, M.M.R. Khan, Palm oil derived alkyd resin synthesis catalyzed by Sro/Sr
(OH), nanoparticles, Journal Of Critical Reviews 7 (6) (2020) 2131-2139.

R. Suresh, T.I. Priyadharshini, K.T. Valavan, M.J. Paul, Role of annealing temperature on the properties of SrO nanoparticles by precipitation method, Nanonext
1 (1) (2020) 18-23.

P. Jayabal, S. Gayathri, V. Sasirekha, J. Mayandi, V. Ramakrishnan, Preparation and characterization of ZnO/graphene nanocomposite for improved
photovoltaic performance, J. Nanopart Res 16 (1) (2014) 2-9.

P. Morozzia, B. Ballarinb, S. Arcozzic, E. Brattich, F. Lucarellie, S. Navae, P.J. Gomez-Cascales, J.A.G. Orza, L. Tosittia, Ultraviolet—Visible Diffuse Reflectance
Spectroscopy (UV-Vis DRS), a rapid and non-destructive analytical tool for the identification of Saharan dust events in particulate matter filters, Atmos. Environ.
252 (2021), 118297.

S. Alamdari, M. Ghamsari, C. Lee, W. Han, H. Park, M.J. Tafreshi, H. Afaridesh, M.H. Majles Ara, Preparation and characterization of Zinc oxide nanoparticles
using leaf Extract of sambucus ebulus, Applied Science 10 (10) (2020) 3620.

F.A. Newaiser, S.A. Thabaiti, A.O. Youbi, A.Y. Obaid, M.A. Gabal, Thermal decomposition kinetics of strontium oxalate, Chem. Pap. 61 (5) (2007) 370-375.
E. Abdelkader, L. Nadjia, B. Ahmed, Synthesis, characterization and UV-A light photocatalytic activity of 20 wt% SrO-CuBiyO4 composite, Appl. Surf. Sci. 258
(2012) 5010-5024.

R.E. Hummel, T. Dubroca, Differential Reflectance Spectroscopy in Analysis of Surfaces, Encyclopedia of Analytical Chemistry, 2013, pp. 1-25.

S. Yu, H. Zhang, J. Zhang, Z. Li, Effects of pH on high-performance ZnO resistive humidity sensors using one-step synthesis, Sensors 19 (2019) 5267.

W. Li, G. Wang, C. Chen, J. Liao, Z. Li, Enhanced Visible light photocatalytic Activity of ZnO Nanowires doped with Mn?* and CO?* ions, Nanomaterials 7 (20)
(2017) 1-13.

M. Adeel, M. Saeed, I. Khan, M. Muneer, N. Akram, Synthesis and characterization of CO—ZnO and evaluation of its photocatalytic activity for photodegradation
of methyl orange, Acs Omga 6 (2021) 1426-1435.

A.K. Shimi, C. Parvathiraj, S. Kumari, J. Dalal, V. Kumar, S.M. Wabaidur, Z.A. Alothman, Green Synthesis of SrO Nanoparticles Using Leaf Extract of Albizia
Julibrissin and its Recyclable Photocatalytic Activity: an Eco-Friendly Approach for Treatment of Industrial Wastewater, Royal Society of Chemsitry, 2022.
K.K. Taha, M.A. Zoman, M.A. Outeibi, S. Alhussain, A. Modwi, Abdulaziz, A. Bagabas, Green and sonogreen synthesis of zinc oxide nanoparticles for the
photocatalytic degradation of methylene blue in water, Nanotechnology for Environmental Engineering 4 (2019) 2-11.

W. Cui, J. Li, F. Dong, Y. Sun, Jiang Guangming, W. Cen, S.C. Lee, Z. Wu, Highly efficient performance and conversion pathway of photocatalytic NO oxidation
on SrO-clusters @amorphous carbon nitride, Environ. Sci. Technol. 51 (2017) 10682-10690.

S. Batool, M. Hasan, M. Dilshad, A. Zafar, T. Tariq, A. Shaheen, R. Chen, S.G. Hassan, T. Munawar, F. Igbal, M.S. Saif, M. Waqas, X. Shu, G. Caprioli, Green
synthesized ZnO-Fe;03-Co304 nanocomposite for antioxidant, microbial disinfection and degradation of pollutants from wastewater, Bio. Sys. Eco. 105 (2022),
104535.

S. Batool, M. Hasan, M. Dilshad, A. Zafar, T. Tariq, Z. Wu, R. Chen, S.G. Hassan, T. Munawar, F. Igbal, M.S. Saif, M. Waqas, X. Shu, Green synthesis of Cordia
myxa incubated ZnO, Fe203, and Co304 nanoparticle: characterization, and their response as biological and photocatalytic agent, Adv. Powder. Tech. 33
(2022), 103780.

M. Hasan, A. Zafar, M. Imran, M. Imran, K.J. Igbal, T. Tariq, J. Igbal, A. Shaheen, R. Hussain, S.I. Anjum, X. Shu, Crest to trough cellular drifting of green-
synthesized zinc oxide and silver nanoparticles, ACS Omega 7 (2022) 34770-34778.

M.S. Saif, A. Zafar, M. Wagqas, S.G. Hasan, A.U. Hagq, T. Tarip, S. Batool, M. Dilshad, M. Hasan, X. Shu, Phyto-reflexive Zinc Oxide Nano-Flowers synthesis : an
advanced photocatalytic degradation and infection therapy, J. Mater. Research and Techn. 13 (2021) 2375-2391.

R.K. Dharman, G. Palanisamy, T.H. Oh, Sonocatalytic degradation of ciprofloxacin and organic pollutant by 1T/2H phase MoS; in Polyvinylidene fluoride
nanocomposite membrane, Chemosphere 308 (2022), 136571.

C.R. Indulal, R. Ravikumar, R. Biju, M. Akhil, K. Suresh, Optical and Photocatalytic Studies of Zinc Strontium Oxide Nanocomposite for Technological
Applications”, AIP Conference Proceedings, 2019.

S. Sultana, Rafiuddin, M.Z. Khan, K. Umar, A.S. Ahmed, M. Shahadat, SnO2-SrO based nanocomposites and their photocatalytic activity for the treatment of
organic pollutants, J. Mol. Struct. 1 (2015) 1-27.

17


http://refhub.elsevier.com/S2405-8440(23)08032-5/sref13
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref13
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref14
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref15
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref15
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref16
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref16
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref17
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref17
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref17
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref18
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref18
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref19
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref20
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref20
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref21
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref22
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref22
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref23
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref23
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref24
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref24
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref25
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref25
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref26
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref26
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref27
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref27
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref28
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref28
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref29
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref30
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref31
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref31
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref32
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref32
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref33
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref33
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref34
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref34
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref35
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref35
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref36
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref36
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref36
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref37
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref37
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref38
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref39
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref39
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref40
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref41
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref42
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref42
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref43
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref43
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref44
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref44
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref45
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref45
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref46
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref46
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref47
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref47
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref47
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref48
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref48
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref48
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref49
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref49
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref50
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref50
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref51
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref51
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref52
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref52
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref53
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref53

G. Anandhakumari et al. Heliyon 9 (2023) 20824

[54] M.A. Subnan, T.P. Rifat, P.C. saha, M.M. Alam, A.M. Asiri, M.M. Rahman, S. Akter, T. Raihan, A.K. Azad, J. Uddin, Enhanced Visible light — mediated
photocatalysis, antibacterial functions and fabrication of a 3- chlorophenol sensor based on ternary Ag,0. SrO.CaO, RSC Adv. 10 (2020) 11274-11291.

[55] S.V. Mousavi, G.N. Bidhend, N. Mehrdadi, Synthesis of Graphen Oxide Decorated with Strontium Oxide (SrO/GO) as an Efficienct Nanocomposite for Removal
of Hazardous Ammonia from Wastewater”, Seperation science and technology, 2019.

[56] R. Yousefi, F.J. shelini, M. cheraghizade, S.K. Gandomani, A. Saaedi, N.M. Huang, W. Jefery, M. Azarang, Enhanced Visible- light photocatalytic activity of
strontium —doped Zinc oxide nanoparticles, Mater. Sci. Semicond. Process. 32 (2015) 152-159.

18


http://refhub.elsevier.com/S2405-8440(23)08032-5/sref54
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref54
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref55
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref55
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref56
http://refhub.elsevier.com/S2405-8440(23)08032-5/sref56

	Synthesis of strontium oxide-zinc oxide nanocomposites by Co-precipitation method and its application for degradation of ma ...
	1 Introduction
	2 Experimental
	2.1 Materials
	2.2 Synthesis of SrO and ZnO nanoparticles
	2.3 Synthesis of SrO–ZnO NCs
	2.4 Characterization
	2.5 Photocatalysis experiments

	3 Results and discussion
	3.1 Crystalline structure SrO–ZnO nanocomposites
	3.2 Functional group analysis of SrO–ZnO nanocomposites
	3.3 Thermal analysis (TG/DTA)
	3.4 Optical properties of SrO–ZnO nanocomposites
	3.5 Morphology and elemental composition of SrO–ZnO nanocomposites
	3.6 Photocatalysis degradation of malachite green dye by SrO–ZnO nanocomposites

	4 Conclusion
	Declaration of interest’s statement
	Data availability statement
	Additional information
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	References


