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 Fe3O4/NiCo2O4 nanocomposites were successfully fabricated using the coprecipitation 
method. The fabrication of Fe3O4/NiCo2O4 nanocomposites were carried out by varying the 
mass percentage of NiCo2O4 with a composition of 0%, 15%, 30%, 45%, and 100% of the 
mass of Fe3O4. The characterization of the functional groups of Fe3O4/NiCo2O4 
nanocomposites was carried out using the FTIR instrument which showed the functional 
group bonds of the sample corresponding to the constituent atoms. The characterization of 
the crystal structure of Fe3O4/NiCo2O4 nanocomposites was carried out using an XRD 
instrument which showed the appearance of characteristic peaks of the Fe3O4 and the 
NiCo2O4 phases in the X-ray diffraction patterns. The surface morphology of the 
Fe3O4/NiCo2O4 nanocomposites was characterized using the SEM instrument which 
produces an image of the surface morphology of the sample. Potential applications of 
Fe3O4/NiCo2O4 as photodegradation material for methylene blue (MB) were characterized 
using a UV-Vis instrument and showed that the Fe3O4/NiCo2O4 nanocomposites can be used 
for water purification with a degradation percentage of 11.99%. The highest absorbance 
values of the Fe3O4/NiCo2O4 nanocomposites with UV irradiation for interval of 60, 120, and 
180 minutes located at wavelength of 613 and 663 nm. 

 

1. Introduction 
Water is the most important substance in the life of all living things. The living things are composed of water and will always live in an 

environment dominated by water [1]. Thus, it is necessary to control the quantity and quality of water [2]. This is in line with the 
development of the textile industry, which is growing very rapidly in Indonesia, resulting in some environmental pollution and damage to 
ecosystems that negatively impact human health and other living things [3]. One of the damages was caused by the processing of liquid waste 
in the form of synthetic dyes that did not reach the standard while these substances were difficult to degrade [4]. Thus, the waste requires 
handling or cleaning before being dumped into the river [5]. One of the widely used dyes in this industry is methylene blue (MB) [6]. On the 
other hand, MB is also included in achromatic compounds that are toxic and carcinogenic. Therefore, waste pollution due to MB left 
untreated and untreated will have a very negative impact on living things [7]. One of the steps to purify water due to textile dyes is to use 
materials that can degrade these dyes. 

Several researchers carried out studies using the advanced oxidation process method Advanced Oxidation Processes (AOPs) that can be 
used to degrade dyes into harmless compounds [8]. One method that includes AOPs is photodegradation because it has advantages in 
efficiency and stability as well as being economical [8]. In principle, the photodegradation method uses a photocatalyst technique, which 
involves a chemical reaction on exposure to UV light. Where the photocatalyst itself is a process that can accelerate the reduction of metals 
between Pt [9], Ag [10], Pd [11], the transition metal compounds  NiO [12], Co3O4 [13], Fe2O3 [14, p. 4], NiS [15], CoSx [16], Ni2P [17], Co2P 
[18], FeP [19], and others with the help of light, as well as metal oxides that aim to remove organic dyes [20, 21]. The method of using 
absorbent material was chosen because it is easy to separate and grade and has high efficiency. Furthermore, it is also economical to use [22]. 
In addition, to increase the efficiency of the degradation that occurs in the material, other materials that can be used as photocatalysts are 
also needed, namely magnetite (Fe3O4) material. Magnetite Fe3O4 material can be used for photocatalyst by having good performance in the 
photocatalyst process and stability in aqueous media, with magnetic properties that can guarantee efficient separation and catalyst 
reusability more than once [23]. However, Fe3O4 material is difficult to dissolve in water. This creates a new problem by leaving colloid in the 
purification object [24]. Therefore, it is important to develop other materials that can help the performance of Fe3O4 in purifying water but 
can reduce the formation of residues in the water. One of these materials is nickel cobalt oxide (NiCo2O4) which is environmentally friendly, 
and has the potential to be used as a water purification catalyst because it has an active and stable electrocatalyst in alkaline conditions and 
various wastes. 

Previous research showed that the surface area of the NiCo2O4 material ranges from 16.34; 53.27; 64.17; and 88.85 m2g-1  [25]. In 
addition, NiCo2O4 also has a large pore size [26]. So it is suitable for use as an MB photodegradation application. Another study conducted by 
Chang in 2019 revealed that the NiCo2O4 material was successfully used as a material to increase the photocatalytic water reduction ability 
[27]. However, it is still rare to report research that combines the two materials into Fe3O4/NiCo2O4 nanocomposites that have the potential 
for application of MB dye photodegradation. However, until now, research on the efforts to improve the performance of NiCo2O4 materials 
seems sparse [28]. Thus, this study aimed to synthesize and characterize Fe3O4/NiCo2O4 nanocomposites that have the potential to be applied 
as MB photodegradation materials. 
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2. Experimental Methods 
The synthesis of Fe3O4 nanoparticles was carried out using the coprecipitation method. The synthesis process began by dissolving 20 g of 

iron sand into 58 mL of 12M HCl, stirring until a solution of FeCl2 + FeCl3 was formed. The 18 mL solution was combined with 25 mL of NaOH, 
resulting in a precipitate of Fe3O4. In the next phase, the sample was washed to achieve a neutral pH. The process ended with drying the 
sample using an oven to produce a powder. NiCo2O4 nanoparticles were carried out using the coprecipitation method, starting with the 
mixing process of 1.83 g of Ni(NO3)2 and 3.68 g of Co(NO3)2 with 150 mL of distilled water as a solvent at room temperature. After that, it was 
titrated with 50 mL of NaOH so that the solution changed color to dark green, and washed until the pH was neutral. The precipitate obtained 
was oven-dried for 30 minutes and calcined at temperatures of 200, 220, 250, 275, and 300 0C to find the sample with the highest 
crystallinity. Furthermore, Fe3O4 and NiCo2O4 powder (a sample with the highest crystallinity was used based on the results of the 
crystallinity analysis of the sample from the previous synthesis process) which was produced from the previous synthesis process was 
composited with variations in mass percent composition (weight presentation) with a total mass of 5 g of nanocomposite. The names of each 
and the composition of the mass percent NiCo2O4 samples are as follows: sample FN-0 with 0% of NiCo2O4, FN-15 with 15% of NiCo2O4, FN-
30 with 30% of NiCo2O4, FN-45 with 45% of NiCo2O4, and FN-100 with 100% of NiCo2O4. The characterizations of the nanocomposites were 
performed by means of XRD, SEM, FTIR, and UV-Vis spectroscopy.  

   

3. Results and Discussion 
The calcined NiCo2O4 nanoparticles with various temperature were successfully synthesized. The X-ray diffraction pattern of NiCo2O4 

nanoparticles with variations in calcination temperature is presented in Figure 1. The crystallinity values of each variation in calcination 
temperature was calculated and the results are presented in Table 1. Based on Table 1, the highest crystallinity value was achieved by 
samples calcined at a temperature of 300 oC, which was 52.62%. This result is almost in agreement with the results of research conducted by 
Tian et al., which synthesized NiCo2O4  with a crystallinity of 63.11% [22]. Furthermore, in this study, a calcination temperature of 300 oC 
was used in the synthesis of NiCo2O4. Characterization using XRD on each sample variation is shown in Figure 2. Analysis using Rietica 
software was carried out on each sample by matching the model data with AMCSD 0000945 for the Fe3O4 phase and model data with COD 
number 5000120 and the results are presented in Table 2. 

 

 
Fig. 1. X-ray diffraction patterns of the NiCo2O4 nanoparticles with various calcination temperatures 

 
Table 1. Crystallinity of the NiCo2O4 nanoparticles with various calcination temperatures 

Calcination Temperature (oC) Crystallinity (%) 

200 35.62 
225 37.04 
250 44.62 
275 46.44 
300 52.62 

 

 
Fig. 2. X-ray diffraction patterns of the Fe3O4/NiCo2O4 nanocomposites 

 
Based on the refinement results in Table 2, it appears that two phases were formed, namely the Fe3O4 phase and the NiCo2O4 phase in the 

FN-15, FN-30, and FN-45 samples. This shows that the Fe3O4/NiCo2O4 nanocomposites which is supported by the X-ray diffraction patterns 
visually in Figure 2 formed characteristic peaks from each phase marked by  which are the peaks of the Fe3O4 phase and  which are the 
peaks of the NiCo2O4 phase. A similar study was also conducted by Venugopal in 2020, which also produced characteristic peaks of both 
phases [29]. In addition, the results of this characterization also show that the more mass percent of NiCo2O4 added, the higher the peak of 
each material. With the addition of NiCo2O4 mass of 45%, the peak of NiCo2O4 particles has the highest peak, and all peaks of the composite 
material are increasingly visible. This can be indicated that the addition of 45% NiCo2O4 mass is the optimum mass. Meanwhile, with the 
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addition of 15% mass, there is an invisible peak of NiCo2O4. This is because the addition of the mass ratio between the two materials is not 
stable and tends to be seen with materials with a higher mass. 

 
Table 2. Refinement results of the X-ray the diffraction patterns for the Fe3O4/NiCo2O4 nanocomposites 

Parameters 
FN-0 FN-15 FN-30 FN-45 FN-100 

Fe3O4 Fe3O4 NiCo2O4 Fe3O4 NiCo2O4 Fe3O4 NiCo2O4 NiCo2O4 

Crystallite size (nm) 15.6 14.2 34.7 9 49.5 10.4 51.2 50.1 
Lattice parameters 

a = b = c (Å) 
8.394 8.369 8.111 8.357 8.084 8.354 8.094 8.201 

Wt % 100 88.70 11.30 61.53 38.47 61.53 38.47 100 
Rp 25.43 26.25 27.42 29.39 38.67 

Rwp 33.97 35.11 37.58 38.91 39.18 
GoF 1.23 1.40 1.60 1.70 1.89 

 
SEM images of the samples are presented in Figure 3. Figure 3(a) and 3(b) represent the surface morphology of the FN-15 sample with a 

magnification of 500x and 20000x, respectively. Figures 3(c) and 3(d) are the surface morphology of the FN-30 sample with a magnification 
of 500x and 20000x, respectively. Meanwhile, the surface morphology of the FN-45 sample with a magnification of 500x and 20000x is 
presented in Figures 3(e) and 3(f), respectively. Based on the images, the surface morphology image also contains information related to the 
level of agglomeration of the Fe3O4/NiCo2O4 nanocomposites. The images also show that the Fe3O4 and NiCo2O4 have wide gaps between 
particles. So that increasing the material used for potential absorbance applications, the wider the surface area, the higher the absorbance. 
Based on research conducted by Tian et al., the morphology of NiCo2O4 can be modified according to various methods and treatments [22], 
resulting in various morphological forms and various advantages according to their morphological forms. 

The characterization also obtained the weight percent of each constituent compound. With the addition of 15% of NiCo2O4 mass, the 
percentage of Fe content was 57.26 wt%, O content was 33.71 wt%, Ni content was 2.05%, and Co content was 3.41 wt%. Meanwhile, the 
addition of 30% NiCo2O4 mass, the Fe content was 3.6 wt%, the O content was 19.43 wt%, the Ni content was 25.69%, and the Co content was 
51.28 wt%, and the addition of NiCo2O4 mass by 45%, as a percentage of Fe content of 2.99 wt%, O content of 47.25 wt%, Ni content of 16.45 
wt%, and Co content of 33.31 wt%. With the addition of 45%, NiCo2O4 mass having a very high oxygen content, oxidation can occur during 
the synthesis process. Based on the data in Figures 3(g-i), it is found that the particle size of each sample FN-15 (g) is 3.8 µm; FN-30 is 2.8 µm; 
and FN-45 is 3.4 µm.  

    
(g) 

   
(h) 

   
(i) 

Fig. 3. SEM images of (a) FN-15 sample with 500x magnification; (b) FN-15 sample with a magnification of 20000x; (c) FN-30 sample with 
500x magnification; (d) FN-30 sample with a magnification of 20000x; (e) FN-15 sample with 500x magnification; (f) FN-15 sample  with a 

magnification of 20000x; (g) histogram of the particle size distribution of FN-15 sample; (h) histogram of the particle size distribution of FN-
30 sample; (i) histogram of the particle size distribution of FN-45 sample. 

 
The results of the characterization using FTIR are presented in Figure 4. Based on Figure 4, it can be seen that there are Ni-O and Co-O 

functional groups in the wavenumbers of 532 cm-1 and 647 cm-1 [30]. This shows that the NiCo2O4 material is indicated in the synthesis of 
nanocomposites, at that wavenumber a very sharp peak occurs. At the peak of 532 cm-1 induced by Co-N stretching, indicating the 
coordination of Co and N in Ni-Co, this study was carried out by Wang et al. in 2021 [31]. There is a Fe-O functional group in the wavenumber 
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of 536 cm-1  [32–34]. In addition, there are various functional groups identified at wavenumbers of 3515, 1725, 1305, 532, 647, and 536 cm-1. 
The absorbance type appears with N-H bonds at the wavenumber of 1589 cm-1. Therefore, the materials and composites in this study are 
suitable for use as absorbance applications. The data analysis results of the FTIR spectra are shown in Table 3. 

 

 
Fig. 4. FTIR spectra of the Fe3O4/NiCo2O4 nanocomposites 

 
Table 3. The data analysis results of the FTIR spectra for Fe3O4/NiCo2O4 nanocomposites 

Wavenumber (cm-1) 
Model 

Wavenumber (cm-1) 
Experimental data 

Bonding Characteristics References 

4000 – 3000 3515 O -H [35–37] 
3310 – 3500 3310 N-H [4] 
1575 – 1440 1725 C=C [38] 
1300 – 1000 1305 C-N [36, 37] 

532 532 Ni-O [30] 
647 647 Co-O [30] 

472 – 580 536 Fe-O [32–34] 

 
The purpose of the synthesis of Fe3O4/NiCo2O4 nanocomposites was to determine its potential application as photodegradation of 

methylene blue. This characterization process was carried out with several pre-characterization stages. The first step is to put the 
Fe3O4/NiCo2O4 nanocomposites into the MB solution without stirring. In the next stage, the product from the previous stage was irradiated 
with UV lamps with several variations of time-lapse. After these steps had been completed, the characterization using UV-Vis was ready to be 
carried out. Figure 5 is a photo of the MB solution containing the Fe3O4/NiCo2O4 nanocomposites which had been irradiated by UV lamp. In 
this study, a 10 watt UV lamp was used and the irradiation was carried out continuously from 60 minutes to 180 minutes. The mixture of MB 
solution with a concentration of 20 ppm which has been tested using UV-Vis Spectrophotometry has a wavenumbers of 613 and 663 nm, as 
shown in Figure 6. 

The photodegradation process can be broadly divided into three stages, namely, diffusion, absorbance, and desorption. The diffusion 
process generally occurs at the surface before the irradiation occurs. The percentage degradation of Fe3O4/NiCo2O4 nanocomposite is 
presented in Figure 7. The straightline equation y = 0.218x-0.001 with the coefficient of determination (R2) is 0.998. The value of the 
coefficient of determination meets the standard because 37as t close to the value 1, where this value indicates the feasibility of using graphs 
in testing [39]. So that in this study the UV-Vis characterization refers to the research related to the wavelength that is fired and also the 
standardization of the MB solution. In this study, the analysis of the wavelength of the MB standard solution has a maximum absorbance level 
at a wavenumber of 600-700 nm. This is possible because 37as t a complementary color at that wave number to the standard methylene blue 
solution [40], and the maximum absorbance level was obtained at wavelengths of 613 and 663 nm with an average absorbance value of 2.5. 

The results of UV-Vis characterization showed that the average absorbance peak was in the range of 1-3. The diffusion ability is 
influenced by the surface area and also the structure of the nanocomposite. The larger the surface area, the higher the measured diffusion 
percentage. 37as tis the absorbance process in which electron transfer occurs between MB hydroxyl carbon and nanocomposite by 
continuously adding energy for 60 minutes. Then, the 37as tis the desorption process, namely the release of ions that have been bound to MB 
[7], with the highest percentage of degradation in the FN-45 sample reaching 11.99%, as shown in Figure 7. This proves that the more 
concentration of NiCo2O4 added, the higher the absorbance level is influenced by the length of UV irradiation for 180 minutes. The longer the 
time used for irradiation, the better and the higher the absorbance level. From the analysis of UV-Vis results, it is shown that the 
Fe3O4/NiCo2O4 nanocomposites was successfully used as a material for photodegradation applications. 

 

  
Fig. 5. MB solution containing the Fe3O4/NiCo2O4 nanocomposites after irradiation with UV lamp. 
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Table 5. Average absorbance of MB standard solution 

MB Concentration (ppm) Absorbance 
0 0 
1 0.22 
2 0.418 
3 0.666 
4 0.892 

 

 
Fig. 6. Absorbance of the Fe3O4/NiCo2O4 nanocomposites 

 
Fig. 7. Degradation of the Fe3O4/NiCo2O4 nanocomposites 

 

       
Fig. 8. The graphs of (𝛼ℎ𝑣)2 vs hv of the Fe3O4/NiCo2O4 nanocomposites 

 
The bandgap is the difference between the conduction energy and valence energy levels [41]. Figure 8 shows the bandgap curve obtained 

from the cutting wavelength of the absorbance spectrum of the composite material. The search for the value of the bandgap can be found 
using the Tauc curve. The equation is as follows: 

 
(𝛼ℎ𝑣)2 = 𝐴(ℎ𝑣 − 𝐸𝑔)           (1) 

 
where 𝛼 is the absorption coefficient, A is the effective mass of electrons, ℎ is the Planck’s constant which is 6.63 × 10−34 Js, and  𝑣 is the 

frequency. The UV-Vis data is then transformed to get the Tauc curve to determine the band gap value. Bandgap values can be obtained 
through the results of linear fitting between graphs (𝛼ℎ𝑣)2 and ℎ𝑣 as X and Y axis. 
 

Table 6. Bandgap values of the Fe3O4/NiCo2O4 nanocomposites  
Sample 

Bandgap (eV) 
Time Variation 

60 minutes 

Fe3O4 3.1 

NiCo2O4 3.4 
15% 2.8 

30% 3.7 
45% 1.1 

120 minutes 

Fe3O4 5.5 
NiCo2O4 3.8 

15% 3.7 
30% 3.7 

45% 2.9 

180 minutes 

Fe3O4 2.9 
NiCo2O4 3.4 

15% 3.1 
30% 4.0 

45% 3.4 

 

4. Conclusions 
Fe3O4/NiCo2O4 nanocomposites were successfully synthesized using the coprecipitation method. The X-ray diffraction pattern from the 

XRD instrument shows that there are two phases formed, namely the Fe3O4 phase and the NiCo2O4 phase. Based on the test results using 
SEM-EDX, an image of the surface morphology of the sample and the percentage of its constituent compounds is dominated by Fe, Ni, Co, and 
O compounds. While characterization using FTIR obtained vibrations due to Ni-O and Co-O bonds, each of which lies at the wavenumbers of 
532 cm-1 and 647 cm-1. In addition, there is also a vibration at the wavenumber of 536 cm-1 occupied by the Fe-O functional group as a 
constituent of Fe3O4 compounds. The photodegradation characterization resulted in the absorbance value of Fe3O4/NiCo2O4 nanocomposites 
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which were at wavenumbers of 613 nm and 663 nm. It can be said that the Fe3O4/NiCo2O4 nanocomposites can be used as a catalyst for water 
purification with a degradation percentage of 11.99%. 
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