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Abstract: 

Methylene blue is an organic contaminant that is produced by the plastic, textile, and dye industries. Many 

studies have been undertaken to investigate the cleanup of methylene blue from industrial effluents. SrO 

nanoparticles are now being utilized to remove methylene blue colours from water. We used a hydrothermal 

technique to create strontium oxide nanoparticles for photocatalytic MB breakdown under light conditions. To 

enhance the solar light activity and avoid charge recombination, we employed a hydrothermal technique to add 

Ni as a dopant in strontium oxide nanoparticles. Strong base NaOH, nickel nitrate, and strontium nitrate were 

used as precursors. The nanoparticles were crushed into powder and calcined at 450 °C in a muffle furnace to 

produce SrO and Ni-doped SrO nanoparticles. The nanoparticles were analyzed using several analytical methods 

to determine their morphological and structural properties. At 309, 312, and 317 nm, UV-Vis spectroscopy 

showed absorbance values of SrO doped with varied nickel concentrations. The Ni–O stretching peak was 

identified in the FTIR analysis of strontium oxide nanoparticles at 402 cm-1 and 581 cm-1, whereas the Sr–O 

bond gave a signal at 854.84 cm-1. SEM images of Ni-doped SrO nanoparticles were created at various 

magnifications. The nanostrips are hexagonal and cylindrical. Sherrer's equation was used to compute the 

average crystalline structure, which showed that the diameters of pure and Ni-doped SrO (2 percent, 3 percent, 

and 4 percent) nanoparticles were 45.54 nm, 36.14 nm, 42.93 nm, and 41.21 nm, respectively. According to the 

EDX examination, the relative concentration of Ni-doped SrO is about 72 percent Sr and oxygen, with around 

1.34 percent Ni. The resulting sample was tested for photocatalytic degradation of organic pollutants in aqueous 

solution, such as methylene blue, and the completion of the reaction was monitored using UV-visible 

spectroscopy to measure the % photocatalytic degradation during light illumination. According to the UV-visible 

spectra, 90% of the dye was effectively destroyed. 

Keywords: degradation, methylene blue, photocatalysis, wastewater treatment, hydrothermal synthesis. 

Degradação aprimorada do corante azul de metileno usando catalisadores de 

óxido de Estrôncio dopados com níquel sintetizados hidrotermicamente 

Resumo 

O azul de metileno é um contaminante orgânico produzido pelas indústrias de plástico, têxtil e corantes. Muitos 

estudos foram realizados para investigar a limpeza do azul de metileno de efluentes industriais. As 

nanopartículas de SrO agora estão sendo utilizadas para remover as cores do azul de metileno da água. Usamos 

uma técnica hidrotérmica para criar nanopartículas de óxido de estrôncio para quebra fotocatalítica de MB sob 

condições de luz. Para aumentar a atividade da luz solar e evitar a recombinação de carga, empregamos uma 

técnica hidrotérmica para adicionar Ni como um dopante em nanopartículas de óxido de estrôncio. NaOH de 
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base forte, nitrato de níquel e nitrato de estrôncio foram usados como precursores. As nanopartículas foram 

esmagadas em pó e calcinadas a 450 °C em um forno mufla para produzir nanopartículas de SrO e SrO dopadas 

com Ni. As nanopartículas foram analisadas usando vários métodos analíticos para determinar suas propriedades 

morfológicas e estruturais. Em 309, 312 e 317 nm, a espectroscopia UV-Vis mostrou valores de absorbância de 

SrO dopado com concentrações variadas de níquel. O pico de estiramento Ni–O foi identificado na análise FTIR 

de nanopartículas de óxido de estrôncio em 402 cm-1 e 581 cm-1, enquanto a ligação Sr–O deu um sinal em 

854,84 cm-1. Imagens SEM de nanopartículas SrO dopadas com Ni foram criadas em várias ampliações. As 

nanotiras são hexagonais e cilíndricas. A equação de Sherrer foi usada para calcular a estrutura cristalina média, 

que mostrou que os diâmetros de nanopartículas SrO puras e dopadas com Ni (2%, 3% e 4%) eram 45,54 nm, 

36,14 nm, 42,93 nm e 41,21 nm, respectivamente. De acordo com o exame EDX, a concentração relativa de SrO 

dopado com Ni é de cerca de 72 por cento de Sr e oxigênio, com cerca de 1,34 por cento de Ni. A amostra 

resultante foi testada para degradação fotocatalítica de poluentes orgânicos em solução aquosa, como azul de 

metileno, e a conclusão da reação foi monitorada usando espectroscopia UV-visível para medir a % de 

degradação fotocatalítica durante a iluminação de luz. De acordo com os espectros UV-visíveis, 90% do corante 

foi efetivamente destruído. 

Palavras-chave: degradação, azul de metileno, fotocatálise, tratamento de águas residuais, síntese hidrotérmica.  

 

1. Introduction 

The World Health Organization (WHO) closely screens people all over the world who have access to nontoxic 

drinking water, with one of its key objectives being that "all human existences, regardless of whether they are 

adults or infants, and irrespective of their economic and social circumstances, have the complete right to have 

access to acceptable supply of harmless drinking water." As a result, it’s critical to avoid the introduction of 

contaminants into the environment and to efficiently manage pollutants that have already been introduced 

(Madani et al., 2020).  

To successfully report the usage of severe energy crises, critical environmental challenges, and fossil fuels, 

contemporary civilization has been looking for renewable, clean, and low-cost energy sources to exchange fossil 

fuels (Gupta and Tripathi, 2021). By the way, photocatalytic water splitting and photocatalytic pollutant 

degradation utilizing solar energy to produce hydrogen are clean and eco-friendly approaches (Leu et al., 2017). 

Because of their ferroelectric capabilities and small energy band gaps which allow them to absorb the bulk of 

visible light materials with multiferroic properties have lately been utilized for applications in both photovoltaics 

and photocatalysis (Zada et al., 2016; Ghani et al., 2023).  

With the increase in industry and population, environmental contamination, particularly water pollution, has 

received a lot of attention. The generation of hydrogen on a TiO2 photoelectrode, as well as research on 

semiconductor photocatalysts, ushered in a new era in 1972 (Ali et al., 2019). Because of its good efficiency, 

simple equipment, simple handling, low energy consumption, and strong oxidation capacity, photocatalysis has 

been used for the photo-degradation of numerous organic contaminants (Qi et al., 2020). Photocatalysis is 

recognized as a cutting-edge ecologically acceptable alternative technology for degrading organic contaminants, 

and its implications in wastewater treatment have recently been extensively researched.  

When compared to conventional physical and biological procedures, it is less expensive and easier to operate 

(Yadav et al., 2018; Kashif et al., 2023). Many different photocatalysts have been employed to degrade 

methylene blue, however, their practical applications are still limited because of low high-charge recombination 

rates visible-light absorption, unknown degradation, and weak surface catalysis, mechanisms (Zada et al., 2018). 

Stains are used in a wide range of textile and chemical industries, and they account for a significant percentage 

of dye utilization and wastewater emission (Worku et al., 2020; Zaman et al., 2024). Textile productions require 

a massive amount of water, diverse chemicals, dyes, secondary chemicals, and sizing materials in the process of 

fibber staining, alteration to yarn, yarn to textile, and destruction (Lee et al., 2015).  

The usage of such toxic substances has damaged the environment and water. Freshwater sources/resources are 

dwindling as a result of extended droughts, expanding population, climate change risks, and demanding water 

quality regulations, leading to an increase in worldwide demand for clean water (Amin et al., 2014; Shah et al., 

2024; Jamal et al., 2024). Daily, several commercial and nonprofit technical breakthroughs are used, but 

nanomaterials technology has shown to be one of the most sophisticated methods for wastewater treatment. 

Nanoscale research advancements have enabled the development of economically viable and ecologically stable 

treatment systems for successfully treating water/wastewater while fulfilling ever-increasing water quality 

requirements (Yarahmadi et al., 2021; Muhammad et al., 2023; Ahsan et al., 2024). Advances in nanotechnology 
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have created prospects to address future generations' fresh water needs (Savage and Diallo, 2005).  

Various technologies have been devised to remove dangerous contaminants from the environment, particularly 

wastewater from various businesses. Coagulation, Adsorption, calcination, filtration, advanced oxidation, and 

other techniques have been used to remove undesirable contaminants from wastewater (Zada et al., 2021; 

Muhammad et al., 2023; Niaz et al., 2024; Kashif et al., 2024a). Though many of these approaches are quite 

successful, they are not universal since one method can be utilized for some contaminants but not for others. 

These technologies necessitate costly operating strategies as well as the generation of additional pollutants, some 

of which are considerably more harmful than the original pollutants (Xu et al., 2019).  

As a result, improved approaches must be developed and used to successfully combat these contaminants (Zada 

et al., 2021). Various technologies have been devised to remove dangerous contaminants from the environment, 

particularly wastewater from various businesses. Adsorption, coagulation, filtration, calcination, advanced 

oxidation, and other techniques have been used to remove undesirable contaminants from wastewater (Ali et al., 

2019).  Photocatalysis discusses the use of a catalyst to speed up a photo process. The following summarizes the 

entire process of semiconductor-sensitized photoreactions: 

 
The absorption of a photon of light having an energy band gap activates the semiconductor photocatalysts, 

resulting in the excitation of electrons from the valence band to the conduction band while leaving holes in the 

valence band (Gupta and Tripathi, 2021). The primary criteria for effective photocatalysts are that the plentiful 

interfacial electron processes that involve that hole and electron must compete effectively with the main 

deactivation mechanisms involving electron-hole recombination (Gupta and Tripathi, 2021).  

Nanoparticles have easily penetrate extensively into the water/wastewater network and treat it in ways that 

standard technologies cannot. The enhanced surface-to-volume ratio of nanoparticles increases their interaction 

with environmental pollutants (Raziq et al., 2022). When nanoparticles with absorptions, interfacial, and reaction 

capacities engage with aqueous systems, they can behave like colloids or exhibit quantum-size effects. They can 

save energy and money because of their modest size (Shah et al., 2024; Kashif et al 2024b; Kashif et al., 2024c).  

Because of their high removal effectiveness in degrading and mineralizing organic contaminants from water, 

advanced oxidation processes, and photocatalysis processes have sparked increased attention in the field of water 

treatment (Khan et al., 2020). Meanwhile, AOPs and photocatalysis processes are more ecologically friendly 

than other treatment methods, such as physical and chemical techniques, since AOPs and photocatalysis 

processes do not produce harmful residues or change organic pollutants from one phase to another (Xiong et al., 

2022). 

 

2. Material and Methods 

2.1 Ni-doped production 

For the preparation of Ni-doped SrO samples, Ni(NO3)2 and strong base NaOH were applied as the precursor 

salts of Ni2+ and Sr(NO3)2·6H2O as the source of strontium while deionized water was used as a solvent. The 

hydrothermal approach was used to synthesize Strontium oxide nanoparticles. 4g of Strontium nitrate 

hexahydrate was dissolved in 60 mL deionized water while a nickel nitrate solution was made and added to three 

distinct strontium nitrate solutions. The combination was continually agitated at room temperature to generate a 

homogenous mixture.  

The solution pH was kept constant at 9 by adding 10% sodium hydroxide solution to the above-mentioned 

homogenous combination. A white precipitate was formed. The precipitate was resolved to get a homogenous 

solution. The homogenous solution was then placed in a Teflon stainless steel autoclave in a 180 ºC oven for 12 

hours to get the precipitate under high temperature and pressure. Once the autoclave had cooled, the precipitate 

was washed and centrifuged to eliminate unreacted reactants. To make Ni-doped strontium oxide nanoparticles, 

the precipitate was dried in an oven at 100 °C and calcined for 1 h at 450 °C, as shown in (Figure 1). 
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Source: Authors, 2024. 

 

2.2 Characterization 

The SP-300 dual beam spectro-photometer was utilized to record the highest absorption and optimize generated 

NPs. The researchers used a single beam optical detector from Japan with a bandwidth of 1nm and a spectrum 

was recorded of 190 to 1100 nm. The technique was developed in the chemistry department at Bacha Khan 

University KPk in Pakistan, and it used wavelengths ranging from 200 nm to 800 nm. FTIR spectra were used to 

characterize the functional groups of SrO NPs (Hall et al., 2007). A 0.05g sample was taken, put in a sample cell, 

and then compressed to create the spectrum.  

The Department of Chemistry at BKUC KPK in Pakistan led spectra between 4000 and 400 cm-1 (100 outputs). 

Strontium Oxide NPs' crystal-like structure will be investigated. Drops of Strontium Oxide NPs produced from 

strontium nitrate were placed on the glass for X-ray diffraction at the SNS, NUST Islamabad, Pakistan, and also 

the Diffractometer apparatus was maintained running at a current of 20 milliamperes and a voltage of 40 

kilovolts, with Cu K radiation being used in addition. SEM analysis was utilized to assess the size and shape of 

SrO NPs. A 15-kV acceleration voltage generated scanning electron microscopy (SEM) pictures. Micrographs 

are magnified 100-5000 times (Kumar et al., 2017).  

The following settings were determined to be ideal. Contact with the beam: Signal SE1, 20–21 mm working 

distance, spot size 40 nm, 20–21 mm working distance for elemental constituent assurance, and an EDX 

technique for SrO NPs was used electron thumps on the surface of the sample beam. The energy range of the 

beam is 0-14 Kev. X-rays were created by the irradiated substance. The sample under consideration determines 

the energy of the emitted X-rays. At a depth of 2, X-rays were generated. Using a circulating electron ray on the 

sample, a 2D picture of each constituent in the sample may then be generated (Akbari et al., 2011). 

 

2.3 Photocatalysis of methylene blue dye 
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For degradation, methylene blue dye was used to measure the photocatalytic effectiveness of the acquired 

samples. The photocatalysis was carried out utilizing an incandescent light bulb (100 volts). In 100 mL of 10 

ppm methylene blue solution, 0.2 g photocatalysts were scattered. The previously mentioned suspension was 

agitated in the dark for 30 min to attain an adsorption/desorption equilibrium. The mixture was then exposed 

while being vigorously stirred 10 mL of this solution was taken and centrifuged regularly to remove the solid 

photocatalyst. Finally, the adsorption of dye and degradation efficiency of the photocatalyst were evaluated using 

UV-visible spectrometry. The dye clearance percentage was estimated using (Equation 1). 

Degradation efficiency (%) = C0 – Ct/C0 × 100   (1) 

Where: C0 is the initial concentration of methylene blue while Ct is the concentration at time t. 

 

3. Results  

The morphological, visual features, and structural, of improved Ni\SrO were investigated utilizing a variety of 

approaches in this study. The photocatalytic degradation of produced photocatalysts was then evaluated using the 

degradation of MB dye under light. 

                                             

3.1 UV-Visible spectroscopy 

UV-visible is a quick, cheap, and easy characterization approach extensively employed in Nano Materials studies. 

Because the optical characteristics of certain metal nanomaterials are thoughtful to size, shape, concentration, 

aggregation state, and refractive index closer to the surface, UV-visible spectroscopy is a helpful method for 

characterizing them (Davydov and Sheppard, 2003). The UV-visible spectra of SrO and Ni-doped SrO Nps were 

measured from 200 to 800 nm, and the UV-Vis spectra of SrO and Ni/SrO nanoparticles were measured.  

Figure 3.1 displays a broad wide excitonic absorption band at 295 nm with a band gap of roughly 4.1 eV. The 

absorption edges are gradually expanded to longer wavelength regions after Ni doping to reduce band gaps. 

Interestingly 2, 3, and 4Ni/SrO nano size crystals show absorption boundaries at 309, 312, and 317 nm, 

respectively (Li et al., 2016). The Tauc plot was used to calculate the optical energy band gaps (Humayun et al., 

2016). The pure, 2%, 3%, and 4% band gaps Nanocrystals of Ni-doped SrO are 4.2, 4, 3.97, and 3.91 eV, 

respectively, based on absorption spectra as shown in (Figure 3.1). Based on these results, it is obvious that as 

the amount of Ni increases, the band gap energies decrease slowly, which has a significant impact on the 

photocatalytic activity of SrO nanoparticles (Xu et al., 2019). 

 

300 400 500 600 700 800

0.0

0.1

0.2

0.3

0.4

0.5

A
b

so
rb

a
n

ce

Wavelength (nm)

 Pure SrO

 2Ni/SrO

 3Ni/SrO

 4Ni/SrO

 

Figure 3.1. UV-visible spectra of strontium oxide 2%, 3%, and 4% Ni-doped strontium oxide nanoparticle. 

Source: Authors, 2024.  
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3.2 Fourier transform infrared spectroscopy (FTIR) spectrum 

FTIR method is utilized to classify various functional groups in materials. Because the strength of the FTIR peak 

is a significant indication of the type of constituents present, it is an excellent instrument for qualitative research 

(Athar, 2013). Figure 3.3 depicts the FTIR spectrum recorded between 4000 and 400 cm-1. The maximum of 

Ni–O–H bending vibrations and Ni–O stretching may be seen at approximately 405 cm-1 and 582 cm-1, 

respectively (Budipramana et al., 2014). The indication at 854.84 cm-1 in the FTIR spectra of strontium oxide 

nanoparticles is caused by Sr–O stretching (Ghani et al., 2023). The H-O-H bending has significant peaks at 

1435.77 cm-1 and 1770.29 cm-1, as illustrated in (Figure 3.3). The peak at 3000-3600 cm-1 represents the –OH 

group and interstitial water molecules (Jing et al., 2012). 
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Figure 3.2. FTIR spectra of strontium and 2Ni, 3Ni, and 4Ni doped strontium oxide nanoparticles. Source: 

Authors, 2024.  

 

3.3 X-ray diffraction (XRD) 

XRD is an operative nondestructive method for characterizing nanocrystals (Larquet and Carenco, 2020). It's 

utilized to calculate structures, phases, preferred crystalline structure (texture), and other structural information 

like mean particle size, strain, crystalline nature, and crystal deficiencies. Figure 3.2 depicts the XRD results 

from our sample (Rabeie et al., 2022). Pure SrO has nine distinct and strong XRD peaks at 2 = 14, 19, 24, 25, 28, 

31, 35, 36, and 39°, which correspond to crystal planes (101), (112), (200), (202), (114), (213), (222), (310), and 

(312), respectively (Sakar et al., 2013).  

These XRD peaks are very narrow and crispy, specifying that the samples are very highly crystalline materials 

(indicates the decent crystallinity of the Strontium oxide samples). Interestingly, the inclusion of Ni as a dopant 

promotes the formation of (202) and (310) crystal planes, while the strength of the XRD peak at 19° has been 

greatly enhanced (Oskam, 2006). The average crystallite diameters of pure, 2%, 3%, and 4Ni/SrO nanoparticles 

were determined in this study to be 45 nm, 36nm, 43 nm, and 41nm, respectively. All samples are roughly the 

same size, with no discernible peak change in the XRD pattern. Furthermore, when the quantity of nickel dopant 

increases, so does the XRD peak intensity (Zada et al., 2020) as clearly shown in (Figure 3.2). 



Brazilian Journal of Science, 3(12), 13-27, 2024. ISSN: 2764-3417  

19 
 

10 20 30 40 50 60 70 80

4Ni/SrO

3Ni/SrO

2-Theta (Degrees)

In
te

n
si

ty

pure SrO

2Ni/SrO

 
Figure 3.3. XRD pattern of strontium and 2Ni, 3Ni, 4Ni/SrO. Source: Authors, 2024.  

 

3.4 Scanning electronic microscopy (SEM) 

SEM pictures of Ni-doped SrO nanoparticles at diverse magnifications are shown in Figure 3.4 (a, b, c). The 

SEM images reveal that the nanostrips with lower Ni dopant concentrations had a smooth surface. Particles of 

various sizes are observed with cubical and cylindrical morphologies. Furthermore, when the concentration of Ni 

dopant increases, a significant reduction in agglomeration is seen. 

 

 

Figure 3.4. SEM images of Ni-doped strontium oxide. Source: Authors, 2024. 
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3.5. Energy dispersive X-Ray (EDX) 

The fundamental compositions of samples are as small as limited cubic micrometers and are commonly 

identified and analyzed using the EDX technique. The EDX data and elemental composition of the 2Ni/SrO 

sample are shown in (Figure 3.5). All the essential elements are present in the samples indicating the high purity 

of the samples. Also, strontium and oxygen are present in a high amount while the doped Ni is about 1.34% in 

the sample 2Ni/SrO. 

 

Figure 3.5. EDX of Ni-doped strontium oxide. Source: Authors, 2024.  

 

4. Discussion 

4.1 Photocatalytic degradation 

The photocatalytic activity of a semiconductor is triggered by absorbing light energy equal to or higher than its 

band gap energy, which leads to the formation of excited electrons and holes. When adsorbed reactants travel to 

the surface, the electron-hole pair interacts with them, boosting the reduction and oxidation processes. The 

photocatalytic activity of SrO and Ni-doped SrO nanoparticles was appraised using the degradation of MB under 

visible-light irradiation at room temperature. The photocatalysts were added to a 5 mg L-1 methylene blue 

solution at a concentration of 0.2 g 100 mL-1 (MB).  

The mixture was magnetically agitated in the dark for 30 minutes to achieve adsorption-desorption equilibrium 

between the MB dye and the photocatalyst surface (Yasmeen et al., 2019). The mixture was subjected to visible 

irradiation employing Tungsten filament light at a distance of three. The reaction mixture was continually 

agitated, with 10 mL aliquots taken every 30 min and centrifuged for 5 min at 2000 rpm, as illustrated in (Figure 

4.1). Because of its large band gap and quick charge recombination, pure SrO has comparatively modest 

photocatalytic activity.  

However, when Ni is added as a dopant, the photocatalytic activity significantly rises. Furthermore, as the 

quantity of Ni dopant increases, so does the photocatalytic degradation, with the 3Ni/SrO sample demonstrating 

the maximum degradation efficiency. However, increasing the proportion of Ni (4Ni/SrO) reduces photocatalytic 

activity, which is due to the shadow effect of Ni. The photocatalytic degradation of methylene shows that Ni is 
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crucial in prolonging light absorption and minimizing charge recombination in SrO nanoparticles. 
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Figure 4.1 (a). Photocatalytic degradation of MB using SrO nanoparticles. Source: Authors, 2024.  
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Figure 4.1 (b). Photocatalytic degradation of MB using 2Ni\Sro nanoparticles. Source: Authors, 2024.  
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Figure 4.1 (c). Photocatalytic degradation of MB using 3Ni/SrO nanoparticles. Source: Authors, 2024.  
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Figure 4.1 (d). UV visible photocatalytic degradation of MB using 4Ni/SrO nanoparticle. Source: Authors, 2024. 
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Table 1. Percent degradation.  

Time 

(min) 

Percent degradation 

Pure SrO 2Ni/SrO 3Ni/SrO 4Ni/SrO 

0 2 2 4 2 

30 15 15 27 14 

60 38 38 77 33 

90 72 75 87 71 

120 83 85 89 81 

150 87 88 ------- 84 

Source: Authors, 2024. 
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Figure 4.1 (e). %photocatalytic degradation by SrO and 2, 3, 4Ni/doped SrO. Source: Authors, 2024.  

 

5. Conclusion 

Using strontium nitrate, nickel nitrate, and sodium hydroxide as precursor materials, we effectively synthesized 

strontium oxide and Ni-doped strontium oxide nanoparticles by hydrothermal technique. After surface 

contaminants are eliminated, the crystallite size rises with calcination temperature owing to the self-assembly of 

nanoscale materials inside. Strontium oxide nanoparticles are metallic nanoparticles that are fewer than 100 nm 

in size. 

It possesses good oxidation chemical inertness, resistance, and attractive characteristics. As-prepared samples 

were examined for phase purity, optical properties, and morphology using UV-Vis, FTIR, XRD, SEM, and EDX. 

The crystalline nature of the generated systems was shown by XRD analysis. The usual patterns of vibration in 

strontium oxide nanostructures were determined using FTIR spectrum analysis. The optical properties of 

SrO and NiSrO were investigated using UV-visible spectra. To evaluate the photocatalytic activity of strontium 

and Ni-doped strontium oxide-generated photocatalysts, methylene blue was employed as a model pollutant. 

Ni-doped strontium oxide photocatalysts degraded more than 90% of the methylene blue dye, while strontium 

oxide nanoparticles degraded approximately 85%. 
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