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Abstract: The Wastewater treatment process is an increasing serious challenge for the whole 

world. Due to this reason, the proficient treatment of wastewaters has attracted major attentions 

among researchers to solve the problem. Several methods for removal of the dye contaminants from 

wastewater including photocatalytic degradation, adsorption, coagulation/flocculation, advanced 

oxidation processes, ozonation, membrane filtration and biological treatments have been 

developed and use. Amongst which, photocatalytic degradation has been recognized as the most 

popular treatment process in aqueous solution with the advantages of high efficiency and simple 

operation. In the past two decades, photocatalytic degradation of organic pollutant by 

semiconductor oxide such as TiO2, ZnO, NiO, SnO2, Cu2O, and In2O3 has attracted due to their 

high photo-catalytic efficiency, low cost and low toxicity, high physical and chemical stability, 

especially, strong ability of fully decomposing organic pollutant into harmless species. In the 

present work, NiO nanoparticle were synthesized by a chemical precipitation method using nickel 

nitrate as precursors and Sodium hydroxide as precipitating agent. The NiO nanoparticles have been 

successfully used as a photocatalyst for degradation of Methylene Blue dye from the aqueous 

medium. The synthesized nanoparticles were studied by powder XRD, EDAX, UV and FTIR 

spectroscopy. The powder XRD result revealed that the obtained sample structure. The particle 

size and the morphology of NiO nanoparticles were studied by the SEM. The EDAX and FTIR 

analyses confirmed the formation of NiO nanoparticles. Further, NiO impregnated activated 

carbon (AC-NiO) was prepared for photocatalytic degradation studies. The Photocatalytic 

degradation study results revealed that the AC-NiO nanocomposite was potential photocatalyst in 

degradation of Methylene blue (75%) when compared with plain Nio (25%). 

 

I.INTRODUCTION 

 Dyes and pigments present in various ecosystem associated with pollutants toxicity and hazards and enter into the 

environment through dyestuff manufacturing, coloring, printing and textile finishing. The complicated structures of dyes 

make them to be stable against photodegradation, biodegradation and oxidizing agents.1 Various waste  water treatment  

approaches classified as physical, chemical and biological processes. Amongst these approaches, adsorption (physical 

pathway) was widely used for cleaning and remediation of compounds.2 Agricultural waste materials as inexpensive and 

readily available natural resources have low adsorption capacity and their regenerations are difficult.3,4Nickel oxide NiO is an 

important transition metal oxide with cubic lattice structure. It has attracted increasing attention owing to potential use in a 

variety of applications such as: catalysis [5]. At present many environmental issues have been arising due to the effect of 

different natural as well as artificial factors on the earth’s crust. Generally, contamination of any unnecessary and 

unacceptable change in the environment because of various activities of human beings are known as environmental pollution. 

The direct or indirect changes in the biological, chemical and physical properties of the natural water streams which leads to 

harmful effect not only on human beings but also on aquatic ecosystems. There are different types of the factor responsible for 

the polluting the natural water bodies such as population explosion, urbanization, fastindustrialization, etc. Among all the 

factors the fast industrialization mainly textile, food processing, dyeing, paper, and dye manufacturing industries are the major 

sources of water pollution. assumed to play an active role in polluting aquatic ecosystems. Near about 10%–15% of the total 

world production of the dye is lost to the effluent during the various processes [6]. The dyes in wastewater don’t allow the 

sunlight penetration into the water stream, consequently, reduce the photosynthetic reactions, and a few dyes are lethal and 

even malignant neoplastic disease that could be a severe health threat to human beings and animals [7,8]. At present many 

environmental issues have been arising due to the effect of world, leading to the development of innovative frameworks 

and techniques to remove dyes and other organic pollutants from the effluent before discharge.In recent years, 

nanotechnology has been gained amarvelous impetus in this rapidly emerging technology era by creating an abundanceof 

scientific ideas to compete with the daily challenges of growing technology. The Nanomaterials have been exploring the 
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various scientific and technologies interest with their innumerable applications and specific properties [9] Water pollution is a 

global challenge that has increased in both developed and developing countries. It affects economic growth as well as the socio- 

environmental sustainability and health of billions of people. It is elevated in international and national priorities. [10] Dyes 

form one of the most important classes of pollutants that result in colored wastewater that are sometimes hard to degrade 

because of their complex structure. Dye-containing wastewater is generated from the textile, tannery, dying, pulp and paper, 

and paint industries. The majority of dyes arise from dyeing and finishing processes in textile industries. Dye pollutants result 

in several health hazards such as skin- and eye-related diseases. Most dyes are toxic and pose a threat to aquatic living 

organisms. 

 To comply with strict environmental regulations, several conventional methods such as adsorption, membrane 

processes, biological processes, and electrocoagulation have been utilized for the removal of dyes from water and 

wastewater. Conventional oxidation processes do not oxidize dyestuff with complex structures, and thus advanced oxidation 

processes are introduced for dye degradation. There are many methods for degradation of dyes in wastewater including 

physical, chemical, and biological approaches, but degradation and maintenance costs of most of these methods are high and 

some of these processes will produce a secondary waste product that needsfurther treatment so using them for the treatment 

of wastewaters is not suitable and economical [10].[11] Antioxidants are molecules that can safely interact with free radicals, 

terminate the chain reaction, and convert them to a harmless molecule by donating an electron. In the last decade, 

antioxidants have attracted attention due to their potential to minimize oxidative stress, which is defined as the 

pathophysiological response created due to the imbalance between the production of oxidants and the endogenous 

antioxidants that work against it. Hence, there is a net increase of the reactive oxygen species (ROS) including superoxide 

anions, hydroxyl radicals (HO•), hydrogen peroxide (H2O2), singlet oxygen (1O2), and reactive nitrogen species (RNS) (e.g., 

peroxyl nitrite, peroxyl radicals). Free radicals with various chemical origins are very unstable, and they extract electrons 

from other molecules to reach equilibrium, leading to the degradation of the target molecule. By scavenging free radicals, the 

harmful effects of free radicals such as cancer, heart disease, and neurodegenerative disorders may be minimized. As a result, 

there is a pressing need to devise some practical means of dealing with these serious diseases.[12] In recent research, NiO 

NPs have drawnconsiderable interest because of their unique properties, such as large surface-area-to-volume ratios, low 

porosity, high dispersion rates, high photo absorption, and small heat capacities. Since the particle size, morphology, and 

high crystallinity influence the physicochemical properties, it is of great importance to synthesize NiO NPs with a small 

particle size, which could enhance the efficiency of their applications. These unique properties of NiO NPs make their viable 

and cost-effective surfaces suitable for different applications such as in adsorbents, solar fuel cells, catalyticagents, gas 

sensors, antibacterial materials, and hydrogen storage.[13] The facilesynthesis of NiO NPs and Cu–NiO NCs is reported 

using the leaf extract of P. dodecandra L’Herit as a reducing and stabilizing agent. The effects of various reaction parameters 

affecting the synthesis of NPs were also studied. The physicochemical characteristics were investigated, the structure and 

phase distributions of the obtained samples were determined by X-ray diffraction(XRD), the nanocomposite morphology was 

analyzed by scanning electron microscopy (SEM), the optical band gap was obtained from UV–visible spectroscopy (UV–

vis), and the presence of various functional groups present in samples was analyzed by Fourier transform infrared (FT-IR) 

spectroscopy. Moreover, the photocatalytic and antioxidant activities of the synthesized samples were investigated.  

 Nickel oxide (NiO) is an important transition metal oxide material with a cubic lattice structure used in numerous 

applications [14,15]. NiO nanoparticles (NPs) have a wide range of applications such as battery electrodes,photo-electron 

devices, ion storage materials, gas sensors, magnetic materials, thermoelectric materials, catalysts, fuel cells, dye-sensitized 

photocathodes, electrochromic films, anticancer properties, cytotoxic activity and non-enzymatic glucose sensors, etc. 

[16,17]. In addition, NiO nanoparticles (NPs) are studied because nano-dimensional particles differ from the majority of 

nanoparticles in anumber of properties, including surface area to volume ratio and electro-optical, magneto-optical, chemical 

and mechanical properties, which lead to unique optical, electronic and physiochemical properties [18]. With advancements 

in all areas of industry and technology, interest has been focused on nanoscale materials, stemming from the fact that new 

properties are required at this length scale and, equally important, that these properties change with their size and morphology 

[19]. Size reduction affects most physical properties (structural, magnetic, optical, dielectric, thermal, etc.) due to surface 

effects and quantum size effects [20].  

 Several methods have been attempted to prepare NiO NPs [21-25], but many come with disadvantages because the 

process is complicated and consumeslarge amounts of energy to induce a large amount of carbon. Although some methods 

havebeen reported as synthesizing them while decreasing consumption energy [21], there are still issues, including the 

limitation of manufacturing capacity for use in production lines, etc. Accordingly, simple and cost-effective synthetic 

methods are important in order to reach global carbon neutrality. In this study, we synthesized NiO NPs by using an eco-

friendly method under a low temperature that uses less energy. Although we selected a simple wet chemical method that is 

generally used in a production line, we synthesized NiO NPs by using acetate-based raw materials that do not contain 

harmful substances such asCl- or NO - , resulting in a decrease of wastewater. Existing synthetic methods using materials 

containing harmful substances require several washing steps with water to remove those substances, and a significant amount 

of wastewater is generated during the repeated cleaning steps, whereas the acetate substance is easily washed into water, with 

the result that the number of washing steps and the amount of wastewater generation can be decreased by applying acetate-

based raw materials. In addition, we attempted to lower the heat-treatment temperature to optimize ultrafine-sized NiO NPs 

as well as to reduce carbon emission.  

 Dyes have recently been extensively utilized in several industrial and manufacturing applications, e.g., printing, 

textile, paper, carpet, and cosmetics. Dyes are considered toxic, hazardous pollutants and require removal before their 

discharge into the environment [26-32].Numerous methods have been developed for dye removal from wastewater and 
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industrial waste matter, including adsorption, coagulation, photo degradation, flocculation, membrane separation, ion 

exchange, biological treatment, chemical oxidation, and extraction [33- 40].Several natural adsorbents have been successful 

in the elimination of color from aqueous waste matter [41- 44].  

 A universally used example is activated carbon owing to the presence of its large surface area [45,46]. There are still 

some difficulties that limit its use, such as its high cost of production, lowquality mechanical properties, regeneration issues, 

and phase separation strain [47].The challenge faced by the researchers is to develop novel adsorbents with boundless 

adsorption capabilities that are capable of being regenerated for the recovery of reusable compounds. In recent years, 

researchers have shown a great interest in binary metal oxides due to their potential performances for different materials [48]. 

 In recent years, scientists have paid extensively studied the group of metal molybdates which has given the most 

favorable examples of mixed metal oxides [49- 52]. Nickel molybdate (NiMoO4) has various applications in catalysis such as 

hydrodesulfurization and hydrodenitrogenation reactions [53,54] oxidative dehydrogenation of light alkanes [55-59] partial 

oxidationof hydrocarbons [60], and microwave applications [61]. It is also used in humidity sensors [62], 

supercapacitors[63,64], optical fibers, and military devices [65]. Nickel molybdate has attractive structures and 

electrochemical and magnetic properties [66,67]. 

 

II.EXPERIMENTAL 

2.1materials 

 To prepare NiO nanoparticles, the following materials were used.  

➢ Nickel chloride (NiCl2),  

➢ Sodium bicarbonate (NaHCO3).  

 

2.2. Synthesis of NIO Nanoparticle  

Preparation of NiO nanoparticles 

 

 The NiO nanoparticles were synthesized by sol-gel method. In this experiment, 9 gm of Nickel chloride (NiCl2) 

were added into 40 ml of double distilled water and 6 gm of sodium bicarbonate dissolved in 40 ml of double distilled water. 

Then sodium bicarbonate solution was added drop wise into nickel chloride. It was stirred at room temperature for 30 

minutes. The resultant solution was washed several times with deionized water and dried at 400°C for 2 hours. 

 

Synthesis Of Ac-Nio Nanoparticles 

Preparation of AC-NiO nanoparticles 

 The preparation of NiO nanoparticles impregnated activated carbon was done by ultrasonic method. 0.4 g of 

activated carbon and0.1 g of NiO nanoparticles was taken in a beaker, then 15 ml of ethanol was added. This was kept into 

ultrasonic device for 1 hour. After the sonication process, the liquid material was concentrated. The final material was heated 

in oven at 120°C for 5 hours. The NiOnanoparticles impregnated activated carbon was obtained. 

 

Uv-Visible Spectroscopy 

 For the UV-Visible spectroscopy, the resulting NiO nanoparticles was re-suspended in equal amount of sterile de- 

iodized water and spectrum scans (190-1100 nm) were performed using UV-Vis’s spectrophotometer Perkin Elmer-Lambda. 

The absorption values were re-plotted using Origin 8. 

 

Ft-Ir Spectroscopy 

 Fourier-transform infrared spectroscopy used to establish theidentity of various Phyto-chemical constituents involved 

in the stabilization and reduction of the nano particles. The FT-IR spectrum of NiO was obtained using Perkin Elmer FT-IR 

spectrometer in the range of 400-4000cm-1. 
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X-Ray Diffraction (Xrd) 

 To determine the crystalline nature of NiO nanoparticles, X- ray diffraction (XRD) was performed. The pellet was 

dissolved in deionized water and washed thrice in the same by centrifugation. The sample was coated on the XRD grid, the 

spectra were recorded 40kV XRD (Bruker, MicrostarProteum model).The resulting diffraction intensities were recordedfrom 

20°C to 80°at 2θ angles. 

 

Scanning Electron Microscope (Sem) 

 SEM study was carried out to investigate the shape, size and the surface area of the NiO nanoparticles. The prepared 

activated carbon was dispersed in water and the resultant suspensions were homogenized by ultra sonicator for one to two 

hours. A drop of the nanoparticles impregnated carbon suspension was placed on a piece of micro glass slide attached to a 

metal grid coated with carbon film, and dried it gradually at RT. The resultingimages at various magnifications were taken 

using a carlZeiss 

 

Energy Dispersive X-Ray Spectroscopy (Edax)Analysis 

 A drop of the nanoparticles impregnated carbon suspension was placed on a piece of micro glass slide attached to a 

metal grid coated with carbon film, and dried it gradually at RT. X-Ray spectrometer (EDAX) operated at an accelerating 

voltage at 10 KeV. The elemental spectrum of NiO nanoparticles were gained by energy dispersive X-Ray spectroscopy 

(EDX) JEM-2100, JEOL. 

 

Photoctalytic Activity 

 The photocatalytic activity of tungsten oxide nanoparticles were investigated by the degradation of methylene blue 

in aqueous medium under UV light source (254 nm) of xenon lamp was used. In a typical photo catalytic experiment, 20 mg 

NiO NPs or AC/NiO nanocomposites were mixed to the 100 ml 30 ppm aqueous methylene blue solution. The sample was 

taken in 250 mL beaker and kept them in UV light irradiation. The concentration of MB dye prior to irradiation was recorded 

to analyze the initial value by UV spectrum. The irradiation on the solution is recorded for every thirty minutes interval. The 

radiation is measured continuously until the decolourization of the solution. The percentage of efficiency was calculated at 

end of decolourization by using the following formula. 

 The percentage degradation of dye was calculated using the following 
Formula 

% of degradation = C0-Ct /C0 X 100 

Where, 

C0 = Abs at 0 min, Ct = Abs at time 

 

            III.RESULTS AND DISCUSSION 

Structural Analysis 

represents X-ray diffraction pattern of nickel oxide nanoparticles 

XRD pattern of NiO nanoparticles 

 

 The existence of strong and sharp diffraction peaks at 2θ values located at 37.451, 43.801, 45.532, 62.171, 

69.221, and 75.761, 

corresponding to (111), (200), (220), (311) and (222) planes, indicated the formation of a pure cubic nickel oxide [1]. For 

the NiO synthesized by microwave method,small peaks of Ni phase on 37.451, 43.801 and 62.171, corresponding to 

(111) (200) and (221) crystal planes with fcc metallic nickel, were observed [2]. 

The average crystallite size was obtained from XRD peaks using the Scherrer equation. 

 

𝑫 = 𝒌𝝀 𝛃𝐜𝐨𝐬Ɵ ....................................... (1) 

Where, 

D is the average crystalline size, K is the shape factor (0.9), 

λ is the wavelength of X-ray (Cukα= 1.541A0), 

β is the full width at half maximum value (in radian) ѳ is the Braggs diffraction angle. 

The intensity of the XRD peaks on the sharpness denoted high crystallinity and also a large crystallite size [3]. 

The average crystallite size of the catalyst was 15.7 nm. 
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Energy Dispersive X-Ray Analysis (Edx) 

The EDX spectra of NiO and AC-NiO nanoparticles are shown in The chemical composition of NiO 

nanoparticles was investigated by energy dispersive X-ray spectroscopy (EDS). It shows that the NiO nanoparticles are 

composed of Ni and O only. The atomic ratio of Ni and O was close agreement with the stoichiometric properties of 

NiO. The sharp peaks of EDX indicated the synthesized nanoparticles are crystalline structure. It is clearly reveals that no 

impurity peaks were found and resultant products were highly crystalline in nature. The corresponding weight and 

atomic percentage value of Ni and O element where given. 

 

EDX spectrum of NiO nanoparticles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
EDX spectrum of AC-NiO nanoparticles 

 

Percentage of atomic and weight ratio of NiO Nanoparticles 

 
 

Element 

 

Weight% 

 

Atomic% 

 

Ni K 

 

73.4 

 

35.7 

 

O K 

 

26.6 

 

64.3 

 

Total 

 

100.00 

 

100.00 

 

Percentage of atomic and weight ratio of AC-NiO Nanoparticles 

 

 
Element 

 
Weight% 

 
Atomic% 

 
Ni K 

 
76.7 

 
91.3 

 
O K 

 
4.7 

 
4.2 

 
C K 

 
18.6 

 
4.5 

 
Total 

 
100.00 

 
100.00 
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Scanning Electron Microscope Analysis (Sem) 

 The surface morphology for the NiO nano composites was characterized using SEM studies. The SEM images 

morphology of AC-NiO nanoparticles. The SEM images clearly indicates that NiO nanoparticles are formed and they are 

agglomerated to form large size structures. For confirmation of Ni2+ ions present in the sample. The morphological 

features of the NiO-activated carbon are different. Their surface are rugged due to the ablative effect of NiO. This action 

leads to the creation of pores and high surface areas. The even and clear distribution of the folds demonstrates that NiO was 

uniformly deposited in the material. The edge structure is tight while the core structure is relatively loose and holes are 

formed at places of interaction between NiO and carbon [4]. The holes become larger gradually with increasing mass ratios, 

which could be related to the more intense NiO penetration into the interior of the fibers, where the structures are then 

destroyed more severely 

SEM images of AC-NiO nanoparticles 

 

    SEM images of NiO nanoparticles 

 
Fourier Transform Infrared Spectroscopy Analysis (FTIR) 

 Shows The Ft-Ir Spectra Of As Prepared Nio Nanoparticles After Microwave Irradiation. 

FTIR spectra of NiO nanoparticles 

 The broad absorption band centered at 3448 cm-1 is assigned to O-H stretching vibrations and the weak band at 

1618 cm-1 is attributed to H-O-H bending vibration because of absorption of water molecules from air as the sample is 

synthesized in air [5, 6]. The weak band at 1017 cm-1 corresponds to C-O stretching bond [7]. The broad absorption bands at 

502 cm-1 Ni-O stretching vibration mode [8]. 

 

3.5 Uv-Visible Spectroscopy Analysis 
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           UV-Visible spectra of NiO nanoparticles 

UV-Vis absorption spectra were used to study electronic structure of optical band gap of material. shows the optical 

absorption spectra of as prepared NiO nanoparticles. It is seen that the peak absorption intensity is found at 232 nm NiO 

nanoparticles respectively. This shift indicates a decrease in band gap, which can be attributed to increase in particle size [9]. 

 

3.6 Photocatalytic Activity  

 The textile industry uses a variety of chemical compounds that pollute water, such as dyes, heavy metals, and 

surfactants. The previously cited compounds are hazardous and hard to deteriorate. This makes them even more dangerous 

to the environment, which is why it needs to be removed from wastewaters before discharge in the aqueous system. Several 

wastewater treatment techniques such as ultrafiltration, separation, ion exchange, coagulation/flocculation, electrochemical 

processes, adsorption and photocatalytic degradation have been used to remove and degrade the dyes from water and 

wastewater [10]. Many industries, including those in the textile, pharmaceutical, printing, culinary, paper and pulp, 

packaging, and apparel use commercial synthetic dyes widely. Dyes have unique characteristics such high water solubility, 

more light stability that can interfere with sunlight getting into the water, and carcinogenic, mutagenic, and poisonous 

effects. Thus, removing colours from industrial water and wastewater is a most important global challenge for preserving 

the environment and preserving all human health [11]. The photo catalytic degradation method is based on the degradation 

of organic pollutants in the presence of UV and a material doped by a photo catalyst. Nickel oxide (NiO) is one of the best 

photo catalysts which has no photo corrosion, good electron transport properties, outstanding stability and high photo 

catalytic activity. The photo catalytic activity of pure NiO nanoparticles (NiO NPs) and Activated carbon-NiO 

nanocomposites (AC/NiO nanocomposites 

30 ppm of Methylene Blue (MB) solution after dye adsorption by NiO nanoparticles 

 

 
 

Absorption spectra of Methylene Blue in the presence of pure NiO 

 NiO NPs and AC/NiO nanocomposites were examined by the changes in the absorption spectra of the MB dye 
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solution during their photo degradation process. This result shows that the illumination time of UV light source of xenon 

lamp increases, the concentration of MB dye decreases, which was shown by the decrease in UV-absorbance spectra. It can 

be seen that the intensity of the absorption peak gradually decreases with increasing UV illumination time. 

 

 

 

 

 

 

 

 

 

 

 

 

 
30 ppm of Methylene Blue (MB) solution after dye adsorption by AC/NiO nanocomposites 

 

 
Absorption spectra of Methylene Blue in the presence of AC/NiO nanocomposites 

 Displays the variation of the photocatalytic activity of the NiO NPs and AC/NiO nanocomposites, respectively. 

These results showed that for NiO NPs 25% MB solution degraded after 80 minutes of UV illumination and in the case 

AC/NiO nanocomposites reached 79% for 80 minutes of UV illumination. From above results, we conclude that compared 

with NiO NPs the AC/NiO nanocomposites acted. 

 

IV.CONCLUSION 

 In summary, Nickel oxide and AC-NiO nanoparticles could be prepared by simple and inexpensive technique.  

 The crystalline structures, surface morphology characteristics, and chemical compositions were characterized by XRD, 

SEM, FTIR, UV and EDX respectively.  

 The XRD pattern of nickel oxide material confirmed the formation of NiO with cubic structure having crystallite size in 

the range 15.7 nm.  

 The SEM result confirmed that synthesized nanoparticles were in agglomerated particles and porous structure. 

 The elemental compositions of nickel, carbon and oxide molecules are confirmed by EDAX Analysis.  

 This simple & cost effective synthesis method will be useful coming for different industries for the preparation of AC-

Nickel 

 oxide Nanoparticles.  

 The synthesized Nanoparticle will be used for photocatalytic Degradation of toxic dyes. NiO acted as a promising 

material for photocatalytic applications. 

 The results showed that for NiO NPs 25% MB solution degraded after 80 minutes of UV illumination and in the case 

AC/NiO nano composites reached 79% for 80 minutes of UV illumination. 

 We conclude that compared with NiO NPs the AC/NiO nanocomposites acted as a promising material for photocatalytic 

applications 
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