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Abstract 
  

A cobalt doped nickel ferrites were prepared in this study. Photo catalysts made of cobalt-doped nickel ferromagnetic 
materials nanoparticles were utilized to degrade dyes. These nanoparticles were synthesized by the co-precipitation 
technique. A UV-Vis spectrophotometer was used to determine the band gap. These ferrites had band gap between 
2.32eV to 2.20eV. The spinel structure of ferrites was characterized X-ray diffraction (XRD) technique. The shape and 
average size of synthesized nanoparticles was determined by scanning electron microscopy (SEM). Fourier transform 
infrared FTIR shows metal-oxygen bond in the range of 400-1000cm-1. The photocatalytic degradation of dye under 
UV radiation and direct sunlight was studied. Almost 72 to 92 percent methylene blue dye was degraded in first 100 
mints owing to the active octahedral to tetrahedral lattice sites and prevent the recombination of electron/hole pair. 
The photo-degradation of methylene blue (MB) and a few textile dyes was practised to examine the photocatalytic 
performance of Co-NiFe2O4. It was observed as the most effective photocatalyst for treating sewage. 
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1. Introduction 
 

In recent times, photocatalytic oxidation (PCO) of dyes 
employing ferrites has attracted enormous interest. 
Wastewater contains highly hazardous dyes that are 
toxic to humans and many living organisms, as well as 
having serious effects on an environment like soil, air, 
animals, water, and plants. Dyes are huge pollutants in 
several industries, like textile, plastic, paper, cosmetics, 
leather, etc., in which they are employed for coloring 
purposes [1-6]. The excessive release of waste harmful 
dyes, including rhodamine b, methylene blue, and 
methylene orange, into water ponds and soils 
threatens environmental protection. Around 0.7 
million tonnes of organic dyes are produced per year, 
and during the process of dying, 12% of the whole is 
directly discharged into the ecosystem [7, 8]. Dye 
contamination in wastewater has been associated with 
serious diseases, including cancer, heart disease, DNA 
damage, and sclerosis [9]. Nano-spinel ferrites (AB2O4) 
have previously been reported as the most promising 
photo-catalysts due to their high stability, narrow band 
gap, low cost, superior adsorption potential, easy 
regenerability, environmentally friendly nature, and 
stability, which make them appropriate applications 
for photocatalytic performance. 
*Corresponding author’s ORCID ID: 0009-0000-2799-682X 
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Their comparatively small band gap of 2.0 eV is 
another factor supporting their viability [10]. Several 
transition metal oxides, such as Ag2O [11], TiO2 [12], 
MoS2, CdS [13], ZrO2 [14], ZnS [15], ZnO [16], NiO [17], 
Cu2O [18], and Fe2O3 [19], have been researched in the 
past for photocatalytic dye degradation. Among these, 
nickel ferrites (NiFe2O4) have received the most 
attention because of their narrow band gap of 2.2 eV, 
low cost, environmentally friendly behavior, reduce 
eddy current losses, magnetic properties, high 
chemical and thermal stability, and high resistivity 
[20]. Furthermore, the photocatalytic behavior of 
photo-catalysts based on nickel ferrites can be 
enhanced even further by adjusting their band gap or 
by substituting with other transitional/rare earth 
metals [21]. Nickel ferrite has the inverse spinel 
framework, wherein a ferric (Fe3+) ion is equally 
distributed among the tetrahedral and octahedral 
lattice points in this class of structures, while nickel 
(Ni2+) ion is distributed only in octahedral sites. 
NiFe2O4 is a popular soft magnetic nanomaterial that 
has a low saturation magnetization and coercivity 
value [22, 23]. The advantages of cobalt ferrite over 
other ferrites are its soft magnetic nature, good 
chemical stability, superior electromagnetic efficiency, 
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and hardness [24-28]. Cobalt is among several dopants 
(Zn2+, Cu2+, Co2+, etc.) that prefer to fill octahedral sites 
as   well   as   redistribute   cations   across   two   sites. 

However, cobalt is a type of hard magnetic material; 
nickel ferrite substituted with cobalt displays a large 
intrinsic coercivity and strong magnetocrystalline 
anisotropy constants [29-31]. The combination of the 
soft and hard natures of both the ferrites leads to 
improved magnetic characteristics, which enable Co- 
doped Ni ferrite (CoxNi1-xFe2O4) nanocrystals 
appropriate for improving photocatalytic degradation. 
Thus, cobalt doping enhances the photocatalytic 
behavior. The materials employed as photocatalysts 
involve metal oxide and metal sulfide, as well as 
magnetic semiconductors, quantum dots, and quantum 
dot/semiconductor oxide composites [32-36]. 

 

Still, a few publications have described the photo- 
degradation of the dyes using ferrites as catalysts [37- 
40]. Kakhki et al. (2017) synthesized the cobalt doped 
nickel ferrite nanocomposite. The photocatalytic 
performance of CoxNi1-xFe2O4 was examined using the 
photodegradation of methyl blue and several industrial 
organic dyes under direct visible light. These ferrites 
were found to be superior photocatalysts in the dye 
degradation, with a 0.01 min-1 reaction rate for methyl 
blue [37]. Cai-Yun et al. (2020) described the simple 
preparation of CoFe2O4 and its uses in the 
decomposition of organic dyes like methyl blue and 
rhodamine B. They noted that CoFe2O4 was an efficient 
photocatalyst in dye degradation, with 0.213 min-1 and 
0.198 min-1 reaction rates for RhB and MB, respectively 
[38]. Jadhav et al. (2021) studied the photocatalytic 
performance of NiFe2O4 using the methyl blue dye 
degradation as the model compound. The results 
revealed that the produced nanoparticles had strong 
photocatalytic performance against dye 
decomposition. After 60 minutes under a direct visible 
light, the degradation reaches 98.23% in an addition of 
nickel ferrite nanoparticles [39]. Chahar et al. (2021) 
synthesized the cobalt-doped zinc ferrite (CoxZn1- 

xFe2O4) nanoparticles with a composition of x = 0.0, 0.1, 
0.2, 0.3, 0.4, and 0.5. It was noted that the methyl blue 
degradation improved with the increase in Co 
concentration. Under direct visible light, the 
degradation performance reached 77% for x = 0.5 and 
was as low as 65% for x = 0.0 after 1 hour. As a result, 
CoxZn1-xFe2O4 ferrite is a viable material for water 
purification [40]. Various different methods have been 
employed to prepare these kinds of ferrites in order to 
obtain nanoparticles with the appropriate structure 
and shape. Co-precipitation, hydrothermal, sol-gel, and 
solvothermal procedures are among the most widely 
used chemical processes due to their low cost, ability to 
create particles that have a specific shape and size, and 
high chemical homogeneity [36, 41-43]. Choosing the 
appropriate approach is believed to be the key to 
obtaining high-quality ferrite nanoparticles. However, 
the co-precipitation technique is widely used due to its 
reproducibility and ease, but it mostly results in the 

precipitation of relatively broad-shaped nanocrystals. 
In this study, Ni ferrites (NiFe2O4) and Co-doped Ni 
ferrites (i.e., CoxNi1-xFe2O4; x = 0.0, 0.15, 0.30, and 0.45) 
nanoparticles were prepared using the chemical co- 
precipitation method, and their characteristics were 
characterized before evaluating their uses as the 
photocatalysts in the degradation of MB dye. The 
photocatalytic, morphological, optical and structural 
properties were examined by X-ray Diffraction (XRD), 
scanning electron microscopy (SEM), and Fourier 
transform infrared spectroscopy (FT-IR), and UV– 
visible (UV–Vis) spectroscopy. The findings of this 
work may facilitate the ability to use Co-doped Ni 
ferrite nanoparticles in photocatalysis. 
 
2. Experimental 
 
2.1 Materials 
 
Nickel chloride hexahydrate (NiCl2.6H2O, 99%), cobalt 
chloride hexahydrate (CoCl2.6H2O, 99%), ferric 
chloride hexahydrate (Fe2Cl3.6H2O, 99%) from SIGMA- 
ALDRICH, sodium hydroxide (NaOH, 98%) from 
DAEJUNG, and Polyethylene glycol [H(CH2CH2O)nOH], 
from DAEJUNG. All the materials were used without 
additional purification. 
 
2.2 Preparation of Ni-Co ferrites 
 
The nickel ferrite (NF) and cobalt-doped nickel ferrite 
(CNF) nanoparticles with the substitution Ni1-xCoxFe2O4 
(x = 0.0, 0.15,0.30, and 0.45) were prepared by a simple 
co-precipitation approach. A stochiometric amount of 
Ferric chloride hexahydrate, nickel chloride 
hexahydrate, and cobalt chloride hexahydrate was 
dissolved into 100 mL of distilled water using the 
magnetic stirrer. The NaOH (9 g) solution was used as 
a precipitation reagent. Before adding the NaOH 
dropwise, 0.05 g of PEG-4000 as a surfactant was 
added to a salt solution under continuous stirring. 
When the resulting solution reached 90 °C, a solution 
of NaOH was carefully added dropwise to maintain the 
solution's pH at about 13. After that, the precipitates 
were washed with distilled water several times until 
the pH reached 7. The resultant precipitates were first 
dried at 180 °C in an oven overnight to eliminate the 
water content. The dark brown precipitates were 
ground using the pestle and mortar to convert them 
into powder. The obtained samples were calcined to 
600 °C in a furnace for 6 hours to produce the spinel 
ferrites phase. The produced samples were carefully 
characterised using cutting-edge tools. 
 

2.3 Characterization techniques 
 

The XRD analysis carried out using a Bruker D2 Phaser 
X-ray diffractometer with Cu-Kα radiation (λ = 0.15406 
nm) exhibited the crystalline nature of the prepared 
nanomaterials. The SEM (Nova Nano) was used for 
examining the morphology of the produced CNF 
nanomaterials. Fourier transform infrared (FT-IR) 
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spectroscopy was used to identify the functional 
groups of CNF nanomaterials with a FT-IR 
spectrophotometer (Cary-630). The optical properties 
of synthesised CNF nanomaterials and amount of 
methylene blue (MB) during degradation were 
examined using a T80 UV–Vis spectrometer. 
 
2.4 Photocatalytic activity 
 
The photocatalytic behavior of the synthesized cobalt- 
doped nickel ferrite (CNF) samples was evaluated by 
degrading methylene blue (MB) dye in an aqueous 
solution upon direct sunlight irradiation. Specifically, 
50 mg of CNF particles were added to 50 mL of a 10 
mg/L MB solution. The mixture was continuously 
stirred in the dark for 30 minutes to allow equilibrium 
to be reached between the dye solution and catalyst 
through adsorption and desorption processes. 
Following the addition of 2 mL of 30% hydrogen 
peroxide (H2O2), the solution was exposed to 
illumination while continuing to stir. Aliquots of 3 mL 
were extracted periodically and centrifuged to 
separate out the CNF particles. The amount of MB 
remaining in the aqueous solution after each time 
interval was analyzed using a UV-Vis 
spectrophotometer, which measures the maximum 
absorption of light by MB at its characteristic 
wavelength. This allowed quantification of the degree 
of MB degradation over time under the combined 
photocatalytic effects of the CNF and H2O2 when 
subjected to visible light irradiation. Kinetic studies 
were carried out by monitoring the reduction in MB 
concentration as a function of illumination time to 
evaluate the photocatalytic performance of the 
synthesized CNF samples for removal of organic dyes 
from water. 
 

3. Results and discussion 
 

3.1 XRD 
 
X-ray diffraction (XRD) was used to characterize the 
synthesized nanoparticles. XRD provides information 
about crystal structure by detecting scattered X-ray 
intensities at specific angles related to a material's 
lattice spacings. Diffracted peaks in the XRD patterns 
correspond to different crystal planes of the material. 
Analysis of nickel ferrite and cobalt-doped nickel 
ferrite samples via XRD confirmed the formation of 
crystalline cubic spinel ferrite nanoparticles. Peak 
positions and intensities indicated phase composition 
and crystallinity. Characteristics like average crystallite 
size, lattice constant, and volume were obtained from 
the XRD patterns and helped analyze structural 
changes with varying cobalt concentration. 

Phase testing using the XRD technique has been 
conducted to confirm the formation of crystalline cubic 
spinel ferrite nanoparticles. The XRD patterns of nickel 
ferrites (NF) and cobalt-doped nickel ferrite (CNF) 
have been shown in Figs. 1 and 2, respectively, with the 
concentrations of x = 0.00, 0.15, 0.30, and 0.45. The 

phase purity and crystallinity with space group Fd3m 
of NiFe2O4 nanoparticles have been observed by 
diffraction pattern, as shown in Fig. 1. The sample 
contains impurities that may be attributed to other 
nickel and iron oxides (α-Fe2O3) [44]. The peaks are 
observed at the 2θ values of 30.45°, 35.8°, 43.56°, 
54.19°, and 57.92°, which correspond to crystalline 
planes   of (220), (311), (400), (422), and (511), 
respectively. The average crystallite size, lattice 
constant, volume, lattice strain, micro strain, 
dislocation density, and X-ray density have been found 
to be 18 nm, 8.29 Å, 570.9 Å3, 5.3×10–3, 1.94×10–3 
(lines−2/m−4), 3.19×1015 (lines/m2), and 5.53 
(gm/cm3), respectively, and shown in Table 1. The 
main sharp peak (311) confirmed that the NFNPs have 
an ultra-fine crystalline cubic spinel structure. The fine 
reflection Miller indices were observed for all samples 
in Fig. 2, whereas for the compositions of 0.00, 0.15, 
and 0.30, the additional phases were seen. This is 
because of the small quantity of cobalt (Co) content. 

However, because of the preparation conditions at 
the time of formation, these samples contain second 
phases. Impurity peaks of α-Fe2O3 have been marked 
by a small star (*), as shown in Fig. 2. Besides that, the 
XRD pattern of CNF for x = 0.45 shows the high purity 
and crystallinity of the sample because there are no 
additional peaks appear, indicating the intensive peak 
of 311 at 35.94°. Therefore, the (Co0.45Ni0.55Fe2O4) 
material demonstrates the single-phase cubic spinel 
structure. The NF and CNF materials have same crystal 
planes which indicate that the concentration of Co2+ 
ions occupy interstitial space in the cubic spinel 
structure of CoxNi1-xFe2O4 with no significant phase 
change [45]. The slight shift in crystalline peaks of 
(Co0.15Ni0.85Fe2O4), (Co0.30Ni0.70Fe2O4), and 
(Co0.45Ni0.55Fe2O4) in Fig. 3 shows lattice volume 
expansion because Co2+ has a greater radius (0.74Å) 
than Ni2+ radii (0.63Å). The crystalline peaks shifting 
towards the lower side of the spectrum with the 
different concentrations of cobalt exhibit the 
transformation of iron (Fe+3) ions from a tetrahedral 
site to an octahedral site [46]. The average particle 
size, lattice constant, micro strain, lattice strain, 
dislocation density, X-ray density, and volume for CNF 
are calculated, and mentioned in Table 1. From values 
it is verified that volume and lattice constant increase 
with increasing the concentration of Co because the 
Co2+ (0.74 Å) with larger atomic radii substitutes the 
Ni2+ (0.69 Å) with smaller atomic radii on the 
octahedral sites. As the X-ray density and lattice 
constant are inversely related to each other, its value 
drops (5.61–5.57 gm/cm3) as the lattice constant 
increases (8.25–8.27 Å). Since the lattice constant may 
be directly related to volume, the volume of the unit 
cell increases from 562 to 566 Å3 [45]. The change in 
particle sizes with Co concentration is not regular 
because of the interior micro stain during a reaction 
[46]. The highest peak at 311 indicates a slight shift of 
0.06° in lower range of 2θ for CNF, x = 0.45 w.r.t CNF, x 
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=0.15 as shown in Fig. 4. Moreover, this effect is minor, 
confirming that cobalt and nickel occupy similar sites. 
 

 
Fig. 1 XRD pattern of NiFe2O4 

 

 
Fig. 2 XRD patterns of Co doped NiFe2O4 

 

 
Fig. 3 XRD patterns indicate a slight shift towards 

lower angle 

 
Fig. 4 A close view of highest sharp peak (311) of CNF 

samples 

Table 1 Structural parameters of synthesized CoxNi1- 

xFe2O4 with different contents of cobalt (x = 0.00, 0.15, 
0.30, 0.45) 

 
Structural Parameters X=0.0 0 X=0.1 5 X=0.30 X=0.45 
2θ Value for Highest 

Sharp (311) 
Peak 

35.8 36.01 35.95 35.94 

d-spacing for 
(311) Peak 

2.50 2.49 2.49 2.49 

Average 
crystallite Size D (nm) 

18.00 15.04 20.01 19.12 

Average Lattice Constant 
a 

(Å) 
8.29 8.25 8.26 8.27 

Average X- ray Density 
(gm/cm3) 

5.532 5.61 5.58 5.57 

Average Volume a3 
(Å3) 

570.9 562.7 565.2 566.8 

Average Dislocation 
Density× 

101 5 (lines/m2) 
0.003 0.004 0.0026 0.0029 

Average Lattice Strain × 
10–3 

5.345 6.544 4.9006 5.3291 

Average Micro Strain× 
10–3 (lines−2/m− 4) 

1.945 2.336 1.7650 1.8480 

 
The acquired FTIR spectra are shown in Fig. 5. The 
bands are caused by the vibrational functional groups 
found in the starting compounds and are clearly visible 
in the spectra of as-calcined materials. They mostly 
appear in the range of 4000 cm-1–1000 cm-1. The peaks 
observed at 1045 cm-1, 1646 cm-1, 2342 cm-1, and 3400 
cm-1 are assigned to the distinctive bands of NO3

-, COO- 
(carboxyl groups), stretching of C-H bands, and 
hydrogen-bonded O-H group, respectively [37, 47, 48].  
 

 
 

Fig. 5 FTIR spectrums of NF and Co-doped NiFe2O4 
 

All of the carboxyl, hydroxyl, or nitrate groups occur 
with lower intensity because of the high temperature 
created during combustion. The band position 
observed at higher wavenumber ν1 (558 cm-1–600 cm- 

1) is attributed to the intrinsic stretching vibrations of 
metal at a tetrahedral site as Mtetra ↔ O. The band 
position at lower wavenumber ν2 (440 cm-1–445 cm-1) 
is attributed to metal stretching at the octahedral site 
Mocta↔O. Whereas ν2 and ν1 could not be observed 
due to instrumentation restrictions. It is intriguing to 
observe that the characteristic band position ν1 

exhibits a change towards the low-frequency side 
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when the contents of cobalt substitution increase. Such 
a resemblance is observed because of the slight 
difference between the atomic weights of cobalt 
(58.9332µ) and nickel (58.6934µ) [49]. 
 
3.2 UV-Vis spectroscopy 
 
NiFe2O4 and Co-doped Ni ferrites demonstrate visible 
light absorption, as seen in Fig. 6. Therefore, it may be 
inferred that these nanoparticles might exhibit 
photocatalytic activity when exposed to visible light. 
From Figs. 6 (a and b), it is evident that 
Co0.45Ni0.55Fe2O4 has a larger absorbance range (227 
nm) in the visible light spectrum than NiFe2O4 (240 
nm), and as a result, they have higher photocatalytic 
activity. The creation of extra energy levels nearby the 
valence band, increasing inhomogeneity, localized state 
density, and varying crystallite sizes of materials can 
be responsible for the bandgap energies decreasing as 
the content of Co doping increases [50]. Hence, 
Co0.45Ni0.55Fe2O4 (2.20 eV) acts as a useful visible light- 
driven photocatalyst due to the decreased bad gap 
compared to NF (2.32 eV) materials, as shown in Figs. 4 
(c and d). 
 

 
 

Fig. 6 Uv-Vis spectra of a) NF and b) CNF (x=0.45), 
Tauc’s plot acquired for c) NF and d) CNF (x=0.45) 

 
3.3 SEM 
 

SEM is used to examine the particle size and 
morphology of nanoparticles. In Figs. 7 (a–b) and 8 (a– 
b), the occurrence of nanoparticles can be observed in 
both NF and NCF materials. The spherical-shaped 
particles are shown in the SEM images of NiFe2O4 and 
Co (x = 0.45)-doped NiFe2O4 nanosized particles. The 
average particle sizes of NF and CNF (x = 0.45) are 
83.74±22.87 nm and 26.5±17.65 nm, respectively, as 
argued from statistically significant histograms (Figs. 
7c and 8c). The fact that the particle size is greater than 
the crystallite size suggests that grains are made up of 
many crystals. Hence, it shows that doping with Co 
causes an increase in average particle size. 

 

 

Fig. 7 (a, b) SEM images of NiFe2O4, (c) Statistical 
histogram of size distribution of NiFe2O4 

 

 

 

Fig. 8 (a, b) SEM images of CNF (x=0.45), (c) 
Statistical histogram of size distribution of CNF 

(x=0.45) 

3.4 photocatalytic studies 
 

CoxNi1-xFe2O4    (x    =    0.0,    0.15,    0.30,    and    0.45) 

nanoparticles were studied in order to investigate the 
impact of visible light on MB dye degradation. The 
following equation was used to determine the 
percentage of photocatalytic degradation: 

𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 = 𝐴0 − 𝐴𝑡/𝐴0 × 100(%) (1) 
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Here A0 is the initial absorption of the MB mixture, and 
A(t) represents the absorption at various ultraviolet 
(UV) radiation durations. As demonstrated in Fig. 9, 
when Co is doped into NiFe2O4 nanoparticles (x = 
0.45), the degradation behaviour increases to 92% in 
100 minutes from 72% with NF (x = 0.00). Therefore, 
the concentration with the greatest (x = 0.45) Co 
content is selected as the best for further studies. 

 
Fig. 9 Degradation percentage of MB 

 
The most significant factors that describe 
photocatalytic behaviour are photocatalytic 
characteristics, which are dependent on the particle 
size, surface area, and quantity of dopant substances. 
Thus, we explored the photocatalytic efficiency of 
methylene blue (MB) under direct sunlight by 
comparing pure nickel and Ni-substituted cobalt 
ferrites. Four comparative spectrums for MB dye 
degradation with CoxNi1-xFe2O4 (x = 0.0, 0.15, 0.30, and 
0.45) nanoparticles are exhibited below in Fig. 10. The 
UV visible spectra of MB dye for different 
concentrations of Co2+ ions in nickel spinel ferrite 
lattice with peaks at 660 nm confirming the presence 
of methylene blue. Fig. 10 represents the graphs of NF 
and CNF nanoparticles at different time intervals and 
pH conditions, indicating the loss of absorbance ability 
of the dye with time. The decolorization efficiency is 
calculated from the intensity of absorption spectra at 
different time intervals. This obtained result 
demonstrates that as-prepared Co0.45Ni0.55Fe2O4 
nanoparticles have a high potential to be applied as a 
favorable and appropriate material for photocatalytic 
applications under the illumination of sunlight. 
 

 

Fig. 10 MB degradation spectrums of a) pure NF b) 
CNF x=0.15, c) CNF x=0.30, and d) CNF x=0.45 

3.5 Kinetic test for MB dye degradation 
 

The photocatalytic behavior of NF and Co-NiFe2O4 

nanomaterials was occurred by analyzing the kinetic 
tests of aqueous MB dye degradation solutions 
under direct sunlight (visible) light [8, 36]. 

ln(𝐴0/𝐴𝑡) = 𝑘𝑡(2) 

Where A0 and At are the primal concentrations of the 
dye at a specific irradiation period and k is the pseudo- 
first order rate constant. For each experiment, the rate 
constant (k) of all the dye derivatives was calculated 
using the plot of ln A/Ao versus the time. From Fig. 11, 
the rate constant of Co0.45Ni0.55Fe2O4 shows higher 
activity (0.013 min−1) compared to NiFe2O4 (0.023 
min−1) under direct visible light. 
 

 
 

Fig. 11 ln A/Ao versus time plot graph to find the 
rate constant 

 
3.6 Possible photocatalytic system 

 
There are various techniques used for the degradation 
of dyes, such as photocatalysis, filtration, reverse 
osmosis, and adsorption, but photocatalysis is 
preferable to adsorption since photocatalysts 
oxidizes/degrades dyes by the hydroxyl radical action 
after the absorption of sunlight. We have hypothesized 
a potential explanation for the improved photocatalytic 
capacity of the degradation MB in the Co-Ni ferrite 
framework based on the findings of the experiments. 
Although NF may be driven by visible light, it has a 
greater rate of photoinduced electron-hole pair 
recombination than CNF particles, which results in a 
smaller amount of luminescence for the degradation of 
MB when exposed to visible light. 

On the other hand, due to the NCF system's narrow 
band gap, more electrons may be stimulated from the 
valence band (VB) to conduction band (CB) while at 
the same time, the same number of holes are created in 
the VB. Therefore, the MB molecules can be 
immediately converted into CO2 and H2O by holes. 
While, the O2

- can be further reduced to produce more 
OH, which may also mineralize MB molecules into H2O 
and CO2. It can be inferred that under direct visible 
light, h+ and OH were     the      primary      active      
constituents      of CNF photocatalysts in aqueous MB 
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solution. The photocatalytic mechanism may be 
explained in Fig. 12 based on the aforementioned 
analysis. 
 

 
Fig. 12 Designed mechanism for MB dye degradation 

by the CNF nanoparticles 
 

Conclusions 
 
Nanosized cobalt doped nickel ferrite nanoparticles 
(Ni1-xCoxFe2O4) with (x = 0.0, 0.15, 0.30, and 0.45) were 
prepared with a facile chemical coprecipitation 
method. The synthesized materials were characterized 
by different analytical techniques, for instance, XRD, 
FTIR, UV–Vis, and SEM. The nanomaterials showed 
photo-degradation of MB under direct sunlight. The 
findings represent Co- (x=0.45) NiFe2O4 has greater 
photocatalytic effect than nickel ferrite. MB was about 
72% degraded in NF photocatalyst, whereas 92% 
degradation was shown in the case of Co0.45Ni0.55Fe2O4 

material after irradiation for 100 minutes in the direct 
sunlight. Consequently, CNF nanoparticles was used in 
heterogeneous photocatalysis to absorb photons from 
the incoming radiation, and oxidation/reduction 
reactions then efficiently degrade pollutants. 
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