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Abstract: The formation of Zinc Nickel Ferrites Systems Nanocomposites (ZNFONCs) through 

Ethylene glycol (PEG) surfactant was achieved by chemical co-precipitation technique. Their structure, 

shape, and constituents were investigated by X-ray diffraction, dispersion, and scanning electron 

microscopy. The photocatalyst effect of Zinc-Nickel ferrite system Nanocomposites was determined by 

methyl Blue (MB), when exposed to ultraviolet light. Magnetization estimation by vibrating 

magnetometer at room temperature is an additional effort in the present work.  
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1. Introduction 

Nanocomposites have earned sufficient attraction among materials, due to their 

nanocrystal properties which purely rely on their composition and dimension [1-5]. 

Photocatalytic activity on semiconductors has aroused interest because the technique is one of 

the most reliable and effective means for the disposal of organic impurities [6-8]. Due to the 

high probability of altering their attributes through cation splitting or atomic replacement into 

the tetrahedral or octahedral region, Cubic ferrite nanoparticles have a wide application [9-11]. 

Their formula is M2+Fe2
3+O4

2-, where M can be Co2+, Zn2+, Ni2+. Apart from spin-filtering [12] 

and multiferroic devices [13-14], Identification, diagnosis, and solution have been disclosed in 

biomedicine. Magnetic nanoparticles have enhanced potential because of its ample application 

in data gathering, diagnostics, Ferrofluid dynamics, etc., [15-18]. This is significant because 

the characteristics of nanoparticles are distinct from their parental sample [19]. Zinc substituted 

ferrites (Ni-Zn) are found to be sensitive to temperature. Ferrofluids formed by these ferrites 

are excellent material, in heat exchangers by converting magnetic into caloric energy [20-22]. 
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Different preparation approaches, such as sol-gel pyrolysis [23] ball milling [24] and 

microemulsion [25] was commonly used in manufacturing nanoparticles. But co-precipitation 

is inexpensive in fabricating fine particles. The characteristics of nanoparticles are the foci of 

researchers due to their dimension and crystallinity. The Zn-Ni ferrites making and attribution 

have been cataloged only to a certain threshold limit. In high-density, single-domain Nickel 

ferrite particle finds many applications. It has also been reported, by different stirring speeds, 

the size of nanoparticles can be maintained [26, 27]. The present work analyses the synthesis, 

structural, morphological, and parameters of the Zinc-Nickel ferrite system arrived by means 

of chemical co-precipitation. 

2. Materials and Methods 

 2.1. Synthesis of Zinc-Nickel ferrite system Nanocomposites. 

 The chemicals used are of high analytical quality and are used without cleansing. In a 

classical synthesis procedure, Ni(NO3)2.6H2O, Zn(NO3)2.6H2O and Fe(NO3)3.9H2O  were 

dissolved in water. The mixture was heated to a temperature of 45ºC for 15 min. Later, the 

metal nitrates precursor solution was added with sodium hydroxide (NaOH) along with 

continuous stirring. The reaction was carried out at 80ºC. The reagent was added in drops into 

the metal solution, with constant stirring till co-precipitation occur and doing so the pH value 

reaches 10. The reaction temperature was maintained at 85°C for 45 min.  

The composites were cooled, and the precipitate was filtered and cleansed with pure 

ethanol and water. To remove the water contents, the sample was dried for 24 hrs at a 

temperature of 110 °C. The powder was made homogeneous using agate mortar. It was then 

annealed at two different temperatures, 500°C and 600°C. Finally, the annealed powder was 

subjected to different analysis techniques. The studies on the shape and distribution of zinc-

nickel ferrite system nanocomposites using high resolving power transmission electron 

microscope, instrument operated at a high voltage of 120 kV and also subjected to high 

resolution scanning electron view (HRSEM).  

The zinc-nickel ferrite system Nanocomposites constituents were empowered using 

EDAX.  The dynamics and structural aspects of the obtained zinc-nickel ferrite system 

Nanocomposites were obtained by Fourier transformation infrared spectroscopy. The 

vibrational measurements were studied using the fiber optics LED. Using the VSM lakeshore-

7404, magnetic parameters were analyzed, with a magnetic field of 10 kOe. 

2.2. Photocatalytic phenomenon. 

The methylene Blue (MB) photo decay was examined to assess the photocatalytic 

activities of the Zinc-Nickel ferrite system nanocomposites. The process is achieved with 

exposure to ultraviolet light. The activity was carried with 0.1 g of Zinc-Nickel ferrite in 50 

mL methylene blue. The adsorption equilibrium was attained by oxygenated the sample for 30 

min. The powder was placed inside a light reactor with mercury lamps, which act as the source 

for UV radiation. A fraction of the mixture was collected at specific periods during the exposure 

and centrifugation. Finally, they were subjected to UV–Vis spectra analysis. 
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3. Results and Discussion 

3.1. Structural and Crystalline nature of the Zn-Ni ferrite system Nanocomposites. 

To explore the crystalline nature of the ferrite nano composites, XRD (Fig. 1) were 

engaged. Figure.1 shows XRD graphs of the prepared Zinc-Nickel ferrite system at different 

calcination temperatures (500 and 600°C). From the observed results, the zinc-nickel ferrite 

system exhibit intense diffraction peaks implying their crystalline and nano behavior. 

The peak 2θ values of 30.26°, 36.6°,48.61°, 53.19°, and 61.0°  are indexed as (220), 

(311), (400), (440) and (200) planes are in firm agreement with the outcomes of samples 

through the JCPDS (card no.82-1042 ) confirming the formation of a cubic phase with a ferrite 

system structure [28-29]. As the phase of zinc-nickel ferrite system crystallites increases, the 

shape of the Nanocomposites is found to be different at varying annealing temperatures (As-

prepared, 500 °C and 600 °C) with an increase in the grain size. This can be well interpreted 

with respect to the cation ratio. The radius of Ni2+ ion (0.69Å) is intermediate to Fe2+ (0.74 Å) 

and Fe3+ (0.64 Å), which confirms that theNi2+ions only prefer octahedral space. 

 

 

 

 

 

 

 

 

 

Figure 1. Powder XRD of Zinc-Nickel Ferrites Systems (ZNFO NCs) Nanocomposites. 

3.2. Morphology and fundamental aspects of the Zinc-Nickel ferrite system Nanocomposites. 

 

 

 

 

 

 

Figure 2. SEM images of Zinc Nickel Ferrites Systems (ZNFO NCs) Nanocomposites annealed at 600ºC. 

HRSEM images reveal that the Zinc-Nickel ferrite system nanocomposites are tiny 

spheres (Fig. 2) at 600°C, and the clusters are arrayed into spherical forms. It is acknowledged 
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that the change in temperature exhibits a drastic change in size, shape, phase, and form of the 

nanocomposites. When particles alter from dense to thin distribution, the nature of the material 

tends to crystalline nature. The impact may be due to spin coupling and its magnetic behavior 

[30]. The EDAX spectrum and quantitative results of the zinc-nickel ferrite system 

nanocomposites are shown in Fig. (3). The EDAX spectra confirmed the presence of the 

constituents, i.e., Zinc (Zn), Nickel (Ni), Iron (Fe), and Oxygen (O) in the synthesized 

nanoparticles along with the trace impurities like Sodium (Na) and Chlorine (Cl).  

The observed result from EDAX is in proximity to the XRD study. High-resolution 

TEM images of multi-crystalline nature of the zinc-nickel ferrite system nanocomposites were 

observed when the annealing temperatures is increased to 600 °C (Fig.4a, b, and c). The shape 

of nanocomposites was confirmed at a particular temperature. The lattice bands of the crystal 

with spacing (d) is provided by the graphs. HRTEM images reflect unidirectional lattice bands 

with 0.5 nm as the magnitude of d spacing (Fig. 4c) confirms the crystallinity of the zinc-nickel 

ferrite system. From the results, it is obvious that at annealing temperature at 600ºC, the zinc-

nickel ferrite system nanocomposites declare the shape, nature (crystalline), and structural 

properties. 

 

 

 

 

 

 

Figure 3. EDX spectra of Zinc Nickel Ferrites Systems (ZNFO NCs) Nanocomposites annealed at 600ºC. 

 

Figure 4. HRTEM images of Zinc Nickel Ferrites Systems (ZNFO NCs) Nanocomposites (a, c) annealed at 

600ºC (b) SAED. 
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3.3. FTIR Spectral measurements. 

The FTIR image for Zinc Nickel Ferrites Systems Nanocomposites (ZNFO NCs) is 

shown in Figure 5. By superimposing the obtained graph for Zinc Nickel Ferrites Systems 

Nanocomposites (ZNFO NCs) the spectral resemblance is observed. The outcome confirms 

that the hydroxyl groups are available in the sample, ZNFO NCs. The earlier studies have 

registered the absence of some hydroxyl ions at specific temperatures. The O-H bonds are 

visible at 1537.80 – 1500.31 cm–1 and 960.03 – 874.235 cm–1, in-plane, and out of a plane, 

respectively. Due to Fe3O4, the spectra of the Zinc Nickel Ferrites systems emphasis a strong 

band in the region 635.57 - 573.51cm–1[31-32]. The energy band from 635.57 to 573.51 cm–1, 

may be due to the presence of ZnO, NiO, and Fe3O4 [33-35]. 

 

 

 

 

 

 

 

Figure 5. FTIR spectra of Zinc Nickel Ferrites Systems (ZNFO NCs) Nanocomposites. 

3.4. Photocatalytic degradation phenomenon of Zinc Nickel Ferrites Systems Nanocomposites 

(ZNFO NCs). 

In this process, 10 mg of cerium oxide powder was dissolved in 10 ml of MB. The 

mixture is stirred for 2 hours under darkness to achieve adsorption equilibrium. The solution 

of MB with photocatalyst was analyzed by UV-Vis spectroscopy. Radiation of wavelength 

4000-7000 Å is used as the source. The solution was flashed in the solar spectrum during the 

day at the temperature of 30-33ºC with continuous stirring. The relative concentration of MB 

in the solution was periodically analyzed by UV-Vis-NIR spectroscopy at an interval of 2 

hours. Photocatalytic properties of Zinc Nickel Ferrites Systems Nanocomposites (ZNFO NCs) 

were studied, and the disintegration of the MB in the aqueous solution under sunlight was also 

studied. The MB solution is stable under both visible and UV radiation without photocatalyst. 

To assess the impact of Nickel in the methylene blue degradation, Zinc Nickel Ferrites Systems 

Nanocomposites (ZNFO NCs) photocatalyst is subjected to photodegradation. From Fig. 6 (a) 

it is observed that the strong absorption peak located at the wavelength of 647 nm reduces 

gradually with enhanced exposure time, and absorbance of MB falls drastically after long hours 

of solar radiation, and it shows better photocatalytic phenomenon. The photocatalytic activity 

observed for Zinc Nickel Ferrites Systems Nanocomposite (ZNFO NCs) was most effective in 

MB degradation, with 79% at 8 hours. The photocatalytic activity is proportional to the amount 

of OH ions on the catalyst.  In the absence of illumination, the catalyst shows a small 

degradation of dyes. It indicates that the catalyst, light, and time of exposure were of prime 
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importance for rapid dye degradation. The degradation efficiency of the MB aqueous solution 

is 79% under visible irradiation for 8h using the Zinc Nickel Ferrites Systems Nanocomposites 

(ZNFO NCs), which emphasis higher photocatalytic activity as acknowledged in Fig. 6 (b). 

To analyze the kinetic reaction of MB degradation, the Pseudo-first order relation was 

applied. The rate of the process is given by the below equation (1) 

ln(Co /Ct) = Kt------------------(1) 

Co and Ct are the concentration of the dye at initial and at time t. From the slope of the first 

order imprint curve, the apparent rate constant k of Zinc Nickel Ferrites Systems 

Nanocomposites is determined [36-40]. 

The efficiency of photocatalytic degradation for ZNFO NCs is estimated using the 

following equation (2). 

Efficiency = (𝐶𝑜 − 𝐶𝑡)/𝐶𝑜 * 100%------------(2) 

The results proclaim that all the photocatalyst shows good MB dye degradation in 

visible light. 

 

 

 

 

 

 

Figure 6. Zinc Nickel Ferrites Systems (ZNFO NCs) Nanocomposites annealed at 600ºC under UV-light 

irradiation  (a) Absorption of MB solution during the photodegradation (b) Photodegradation percentage. 

3.5. Measurement of magnetic parameters.  

 

 

 

 

 

 

 

 

Figure 7. Magnetic hysteresis characterization of Zinc Nickel Ferrites Systems (ZNFO NCs) Nanocomposites. 

The arrangement in the cubic ferromagnetic spinel NCs is due to the exceptional 

exchange mechanism of ions between the regions. The replacement of Zn ion, which has a 
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fondness of occupying A site, declines the interaction. By enhancing the zinc substitution, it is 

feasible to modify the magnetic parameters of the crystals. The hysteresis loop of the Zinc-

Nickel ferrite system Nanocomposites at room temperature is shown in Fig. 7. The value of the 

residual magnetization (Mr) 1,999emu/g, the coercivity field (Hc) 31,225 G, and the 

magnetization at saturation (Ms) 32.225 emu/g are obtained from the graph. The peak value of 

Ms was derived from the inference curve (H/M versus H). The change in Ms is due to the effect 

of the cation ratio and their preference in sites of occupancy. The deterioration in the magnetic 

properties of the nanoparticle may be due to the following aspects like dead layer formation, 

reduced particle spin [41], non-saturation effects, a divergence of the cation, and presence of 

water, etc., [42-43]. It is crystal clear that the cation disparity in nanoparticles from its parent 

material is due to the impact of temperature on magnetization. 

4. Conclusions 

 The preparation of Zinc-Nickel ferrite system Nanocomposites is reported. Zinc-Nickel 

ferrite system Nanocomposites can be synthesized by the co-precipitation approach. The 

formation of Nanocomposites was acknowledged by the X-ray diffraction. In the study, the 

samples obtained by co-precipitation revealed exceptional paramagnetic behavior, and the 

same was confirmed by the hysteresis curve at room temperature. FTIR confirmed the 

availability of metal-oxygen bonds and water. The photocatalytic degradation of Zinc-Nickel 

ferrite system Nanocomposites in MB dye is most effective, and it is found to be 79 % for 8 

hours. 
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