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Abstract: In this study, CoFe2O4 (CoF) and ZnFe2O4 (ZnF) photocatalysts were successfully prepared by a facile and 

simple chemical precipitation method for the degradation of methylene blue (MB) and methyl orange (MO) dyes under 

direct sunlight irradiation. The obtained ferrites were then characterized through XRD, TEM, EDS, UV-vis, and SEM. 

XRD and TEM results exhibited cubic nanostructures with sizes ranging from 9 to 16 nm and 11 to 18 nm for ZnF and 

CoF, respectively. SEM images showed homogenous, porous flat surfaces. EDS spectra confirmed the successful synthesis 

of ZnF and CoF nanostructures with high purity. UV-vis spectra results of MB and MO dyes showed maximum sunlight 

absorbance in the absence of ZnF and CoF, while a regular decrease in the sunlight absorbance was observed in the 

presence of ZnF and CoF within 15-60 min. The UV-vis results also showed that ZnF had higher photocatalytic activity 

than CoF. The experimental findings showed that the highest % degradation was 92.89% and 96.89% for MO and MB 

dyes, respectively, over ZnF compared to CoF photocatalyst (87.55% and 88.41% for MO and MB, respectively). These 

findings confirm that porous ZnF and CoF nanostructures are critical in promoting the degradation of dyes under 

sunlight instead of UV-vis light lamps that consume/require electrical energy. 

Keywords: Metallic ferrites, CoFe2O4, ZnFe2O4, Photocatalysts, Methyl orange, Methylene blue. 

 

1. INTRODUCTION 

Water resources are becoming increasingly scarce 

all over the world. The unsustainable use of water 

and the rising population are two important 

factors creating huge pressure on water use. 

Additionally, the problem is exacerbated by the 

pollution of water sources with pollutants. Major 

water pollutants include agricultural fertilizers 

and pesticides, industrial and municipal waste, 

petroleum, and military-use chemicals. These 

contaminants are largely composed of organic 

compounds. While some break down naturally 

and quickly, others break down slowly or never at 

all. Organic dyes used in the textile and food 

industries are significant contributors to 

environmental pollution due to their non-

biodegradability, high toxicity to aquatic life, and 

carcinogenic effects on humans.  

In aqueous solutions, the coloring materials are 

normally added, and a mordant may be needed to 

improve the fiber's dye speed. Since both colors 

and pigments are light, they can only absorb some 

wavelengths. Dyes are colored since they absorb 

light (400-700 nm) in the visible spectrum, have 

at least one chromophore (color group) required, 

and have a conjugate spectrum [1, 2]. The dyes 

contain double bonds alternating with single 

bonds in the compound and have electron 

resonance-stabilizing power. In the event, these 

features are absent from the composition of the 

molecules, the color is lost. In addition to 

chromospheres, most colors contain auxochromes 

(color aids) such as carboxylic acid, sulfonic acid, 

amino acid, and hydroxyl groups. Although they 

are not responsible for color, they can change the 

color of a colorant and are most typically used to 

affect dye solubility.  

Coloring has been widely used in the clothing, 

paper, rubber, plastics, footwear, cosmetics, 

pharmaceutical, and food industries, generating 

huge quantities of colored wastewater every year 

and causing significant environmental problems 

for natural streams, rivers, and consequently, for 

public health [3–5]. There are about 100,000 

commercially available dyes, with over 7,107 

tons of dyestuff produced annually around the 

world. Textiles, food cosmetics, and paper 

printing are among the industries that employ 

these dyes, with the textile industry being the 

major user of dyes [5–8]. Different treatment 
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techniques have been used to address the 

aforementioned problems, such as photocatalytic 

degradation, biodegradation, bioelectrochemical 

processes, chemical oxidation, adsorption, and 

electrocoagulation, with no chemical degradation 

[9–16], to isolate the dyes from wastewater before 

being released into natural water. However, the 

photocatalytic degradation technique has been 

discovered to be a simple and cheap alternative 

treatment tool to remove colors from water. The 

photocatalyst/adsorbent of choice material, in this 

case, is critical to treatment efficacy.  

The degradation of dyes under UV-vis light using 

Co, Ni, Cu, and Zn ferrite nanoparticles (MF NPs) 

was studied. Ni ferrite showed the highest activity 

and gave 89%, 92%, and 78% of methylene blue 

(MB), methyl orange (MO), and methyl red 

(MO), respectively [17]. AgFeO2 delafossite NPs 

were prepared and tested for the degradation of 

MB (92% in an alkaline medium) under sunlight 

[18]. Cobalt ferrite (CoF) was used for 

degradation of MB (80%) under UV-vis radiation 

[19]. The organic pollutants were removed from 

wastewater using zinc ferrite (ZnF) and CoF as 

less harmful, more stable, and more effective 

materials. It has been reported that these materials 

improve degradation, but it is difficult to improve 

them for photocatalytic applications [20, 21]. To 

enhance the photocatalytic performance of ZnF 

nickel-doping nanocomposites (NCs) for 

degradation of MB (98% degradation by 30%  

Ni-doped ZnF) [22]. Ag-CoFe2O4/rGO exhibited 

superior rate performance and cycle stability [23]. 

NiFe2O4/activated carbon photocatalyst was 

prepared and exhibited a high % degradation of 

rhodamine of 99.7% within 90 min under 

simulated sunlight [24]. Metal oxides can be used 

as photocatalysts in heterogeneous photocatalysis 

because they are very effective, easy to make, and 

can be used in a heterogeneous method that lets 

them be extracted from water [25–27]. 

The physical properties of photocatalysts, such as 

crystal structure, particle size, specific surface 

area, and band structures have a significant 

impact on the degradation of dyes [28–31] 

Investigations showed that some nanosized metal 

oxides were not valuable for the degradation of 

dyes under sunlight due to a relatively large band 

gap, a small surface area, a large particle size, and 

poor electron/hole separation. Co-photocatalysts, 

synergistic structures, heterojunction structures, 

and other methods have all been used to address 

this problem [9, 32, 33]. Inspired by the above 

considerations, we seek to break new ground in 

the field of photocatalysis by presenting as-

prepared metallic (Zinc and Cobalt) ferrites as 

efficient solid photocatalysts with smaller nano 

sizes and a band structure capable of absorbing 

sunlight for efficient degradation of organic dyes 

with removal rates higher than those found in 

previous investigations. The main objective of the 

current study is to prepare ZnF and CoF 

nanostructures and then study the kinetic and 

photocatalytic degradation of organic MB and 

MO dyes under sunlight instead of UV-vis light 

lamps that consume/require electrical energy. In 

brief, solid data is provided on the photocatalytic 

performance of CoF and ZnF nanostructures and 

their potential as effective solid photocatalysts 

under direct sunlight.  

2. EXPERIMENTAL PROCEDURES 

2.1. Materials 

The chemicals and reagents used are of analytical 

grade purity and were used without any further 

purification. Distilled water (D.W.), ferric nitrate 

Fe(NO3)3. 9H2O, sodium hydroxide (NaOH), zinc 

nitrate Zn(NO3)2. 6H2O, and cobalt nitrate 

Co(NO3)2. 6H2O.  

2.2. Synthesis of Zinc Ferrite and Cobalt 

Ferrite Photocatalysts 

Zn(NO3)2. 6H2O (7.4 mmol, 2.2014 g), and 

Fe(NO3)3. 9H2O (14.8 mmol, 5.9792 g) were each 

dissolved separately in 40 mL D.W. and combined 

in a flask with continued stirring for 15 min. Then 

6 ml of oleic acid was added. 1 M NaOH solution 

(45 ml) was added to the mixture until pH 10. The 

resultant precipitate suspension was concentrated 

in a water bath at 80oC with continuous stirring 

for 60 min. Then, the precipitate was centrifuged, 

washed three times with D.W. and one time with 

ethanol, and dried at 120oC for 3 h. Finally, the 

resultant ZnFe2O4 powder was calcined at 500oC 

for 5 h [17, 18]. The CoFe2O4 photocatalyst was 

synthesized using the same procedures with the 

addition of cobalt nitrate instead of zinc nitrate [9, 

10]. 

2.3. Characterization of the Photocatalysts 

The synthesized ZnFe2O4 and CoFe2O4 materials 

were characterized by X-ray diffraction (XRD), 

EDX, scanning electron microscopy (SEM), and 
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transmission electron microscopy (TEM). 

Powder X-ray diffraction patterns of the sample 

were measured using CuKα radiation by a 

Schimadzo X-ray diffractometer. The XRD 

patterns were recorded at a diffraction angle 

ranging from 10º to 80º with a step of 0.03º and 

an integration time of 4 seconds per step. TEM 

and SEM were used to take micrographs of the 

ZnFe2O4 and CoFe2O4 materials using a Philips 

XL 30 attached to the EDX unit.  

2.4. Photocatalytic ZnFe2O4 and CoFe2O4 

Performance in MB and MO Degradation 

In this part of the study, MB and MO dye 

solutions were mixed with 10 mg of ZnF NPs or 

CoF photocatalysts and stirred in a dark place for 

30 min. After that, the mixture was exposed to 

sunlight for reaction times. The sample was 

centrifuged to separate the photocatalyst powder 

from the solution and then analyzed using a UV-

vis analyzer. The photocatalytic activity, kinetics 

of the degradation of dyes, and adsorption ability 

of ZnF or CoF NPs were tested for model 

pollutant MO and MB degradation under sunlight 

irradiation. Uv-vis spectra were used to determine 

the concentration of dyes at a wavelength of 

maximum absorbance of 664 and 464 nm for MB 

and MO, respectively. The mathematical 

relationship between the degradation percentage 

(D%), final concentration (C), and initial 

concentration (Co) is: 

D% =
C0−C

C0
∗ 100                       (1) 

3. RESULTS AND DISCUSSION 

3.1. Characterization of Photocatalysts 

3.1.1. X-ray diffraction (XRD) measurements 

The XRD analysis of the as-prepared CoF and 

ZnF photocatalysts is shown in Fig. 1. The XRD 

diffraction pattern of CoF photocatalysts shows 

the diffraction peaks at 2θ= 18.6 (001), 32.8° 

(100), 38.01° (101), 50.8° (102), 58.6° (110), 

62.07° (111), 68.3° (103) and 72.03° (201), which 

are consistent with cubic spinel phase (JCPDS 

card No. 21-1272) [10, 17, 21, 34, 35], indicating 

the crystalline nature of the synthesized 

photocatalysts. On the other hand, the same 

pattern was also obtained for ZnF NPs (the peak 

pattern of ZnF NPs was similar to the cubic CoF 

phase), though small shifts toward higher 2θ took 

place at the 001 and 101 planes due to the Zn 

concentration, confirming that ZnF NPs were 

successfully prepared. The XRD diffraction 

pattern of ZnF NPs can be the index to a cubic 

spinal phase: JCPDS card No. 28-1042. 

Compared with the CoF spectrum, the intensity of 

CoF peaks was lower and weaker, which 

confirmed the homogeneous synthesis. A new 

small peak at 2θ= 27.7 was detected only with the 

ZnF NPs, which corresponds to the 211 plane, it 

could indicate an increase in the crystallinity of 

the ZnF NPs. The sharp measured diffraction 

patterns of the CoF and ZnO curves confirmed 

that the as-prepared CoF and ZnF are crystalline 

materials [36, 37]. In addition, no peaks of other 

impurities were found in the XRD spectra, 

revealing the high purity of the synthesized 

photocatalysts. The broad XRD peaks of both 

CoF and ZnF samples indicate that the as-

synthesized CoF NPs and ZnF NPs are 

nanostructured. The XRD data, which is nearly 

identical to the TEM results below, provided 

further evidence for the successful synthesis of 

CoF and ZnF NPs. The average crystalline size is 

calculated by the Scherer equation:   

d =
Kλ

β COSθ
                             (2) 
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Fig. 1. XRD of ZnF and CoF samples 

Where (d) is the size of the particle, K is known 

as the Scherer's constant (K= 0.94), λ is the X-ray 

wavelength (1.54178 Å), β is the full width at half 

maximum (FWHM) of the diffraction peak, and θ 

is the angle of diffraction. The CoF NPs' nanosize 

ranged from 11 to 18 nm, while the ZnF NPs' 

ranged from 9 to 16 nm. According to these 

results, we conclude that CoF and ZnF NPs may 

promote the photocatalytic degradation rate of 

organic dyes. These findings could be the reason 

for the high photocatalytic performance of ZnF 
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for the MB and MO degradation compared to the 

CoF photocatalyst. 

3.1.2. Energy-dispersive X-ray (EDX) 

spectroscopy 

The chemical composition and purity of ZnF and 

CoF samples were determined via EDX analysis, 

as shown in Fig. 2 (a and b). Fig. 2 (a) shows the 

EDX spectrum of the ZnF sample, which proved 

the presence of characteristic Fe (24.7%), Zn 

(55.3%), and O (25.0%) peaks, indicating the as-

prepared ZnFe2O4 with high purity, in good 

agreement with the TEM and XRD analyses. On 

the other hand, Fig. 2 (b) shows the EDX 

spectrum of CoF sample. This figure proved the 

presence of characteristic Co (58.2%), Fe 

(23.3%), and O (18.5%) peaks, indicating that 

CoFe2O4 NPs were successfully prepared with 

high purity, in good agreement with the TEM and 

XRD results. These results provided further 

evidence for the successful synthesis of CoF NPs 

and ZnF NPs with high purity.  

 

 
Fig. 2. EDX patterns of a) ZnF and b) CoF samples 

3.1.3. Scanning Electron Microscopy (SEM) 

measurements 

SEM analysis of the synthesized ZnF and CoF 

photocatalysts is shown in Fig. 3 (a and b). This 

figure shows the differences between the surface 

morphologies of ZnF and CoF samples. The SEM 

images showed homogeneous flat surfaces that 

were porous in nature. It is clear from SEM 

images that the morphology of the ZnF has a 

porous flat surface and small spherical NPs in the 

shape shown in Fig. 3(a), indicating the presence 

of some ZnF NPs or Zn NPs with very small nano 

sizes on the surface. On the other hand, the 

morphology of the CoF photocatalyst also has a 

porous flat surface with spherical clusters on the 

surface shown in Fig. 3(b), indicating the 

presence of some CoF NPs or Co NPs with very 

small nanosizes on the surface. The surface of 

CoF has more agglomeration than ZnF, which 

agrees well with the TEM results. This may be 

due to the magnetic properties of cobalt ions. 

Therefore, ZnF nanoparticles were smaller in size 

than CoF nanoparticles. 

 

 
Fig. 3. SEM micrographs for a) ZnF and b) CoF 

samples. 

3.1.4. Transmission electron microscopy 

(TEM) measurements 

The morphology and particle sizes of ZnF NPs 

and CoF NPs were characterized by TEM and are 

displayed in Fig. 4 (a and b). The TEM images 

illustrated differences in the morphologies of the 

prepared ZnF and CoF photocatalysts. For ZnF 

and CoF, the micrograph showed some 

nanowires.  
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Fig. 4. TEM micrographs for a) ZnF and b) CoF 

samples 

Fig. 4 (a) shows the TEM image of ZnF NPs, 

which confirms the formation of cubic spinal ZnF 

nanostructure with particle sizes ranging from 9 

to 17 nm. This is in good agreement with the XRD 

results. While Fig. 4 (b) shows the TEM image of 

CoF NPs, which confirms the formation of cubic 

spinal CoF nanostructure with particle sizes 

ranging from 11 to 19 nm, this agrees well with 

the XRD results. Furthermore, some 

agglomeration of ZnFe2O4 and CoFe2O4 NPs can 

be observed as black circles in the center of the 

TEM images. This is due to the adhesion of the 

metallic ferrites to each other by weak forces. 

These results revealed that the CoF morphology 

has more agglomeration than ZnF. This may be 

due to the magnetic properties of cobalt ions. On 

the other hand, TEM images showed that the size 

of ZnF NPs was smaller than that of CoF NPs. 

This may be due to the magnetic properties of 

cobalt ions in the CoF NPs, which led to larger 

particle sizes and more aggregates compared to 

the ZnF NPs. 

3.2. Application: PhotoCatalytic Activity 

3.2.1. Photodegradation of MB and MO dye 

using ZnF and CoF photocatalysts 

The photodegradation of MO and MB dye (10 

ppm) over CoF and ZnF photocatalysts (10 mg) 

under sunlight was carried out. The suspension 

was agitated with a magnetic stirrer in the dark 

room for 60 min before the photocatalytic 

degradation began, and then the reaction setup 

was exposed to sunlight at the same conditions of 

photodegradation of MB and MO using CoF  

and ZnF photocatalysts. For comparison, blank 

experiments with MB and MO solutions were 

performed without adding any amount of the 

prepared photocatalysts. There was no obvious 

degradation of MB and Mo after 60 min of 

irradiation without the photocatalyst. The results 

revealed that no MB (or MO) is destroyed by 

sunlight without the photocatalysts, showing that 

MB and MO are relatively stable under 

irradiation. Figs. 5 and 6 display the UV/visible 

spectra of MB and MO dyes, respectively, before 

the photocatalytic degradation processes (without 

any amount of photocatalysts) and after varying 

sunlight irradiation time in the presence of CoF 

NPs or ZnF NPs. The MB and MO dyes showed 

maximum sunlight absorbance in the absence of 

CoF NPs and ZnF NPs. In the presence of CoF 

and ZnF photocatalysts, a regular decrease in the 

sunlight absorbance was observed at 15-60 min 

due to photocatalytic degradation of MB and MO 

dyes under sunlight, indicating successful 

degradation of the dyes. The longer the exposure 

time of the sample to sunlight, the greater the 

photocatalytic degradation of MB and MO dyes. 

However, ZnF showed higher photocatalytic 

activity than CoF for MB and MO degradation, 

which is in good agreement with the experimental 

photocatalytic degradation. Thus, CoF and ZnF 

photocatalysts demonstrated high photocatalytic 

degradation of dyes within 60 min, which is 

logically reported because dye decomposition can 

be affected by time. The concentration of the 

aqueous MB and MO solutions was reduced 

dramatically and measured using a UV/visible 

spectrophotometer at 664 nm and 464 nm, 

respectively. The findings confirmed that porous 

CoF and ZnF nanostructures were critical in 

promoting the degradation of MB and MO dyes 

on the active CoF and ZnF sites and their surface 

pores during the photocatalytic reaction, resulting 

in enhanced photocatalytic degradation under 
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sunlight instead of UV-vis light lamps that 

consume/require electrical energy. This agrees 

with the research work referenced [21, 35]. In 

general, the degradation efficiency of MB and 

MO is considerably increased with time in the 

presence of photocatalysts [34], where, within 15-

60 min, the concentration of MB and MO dyes 

gradually dropped and reached the maximum 

degradation rate [36].   

3.2.2. Kinetic study of photocatalytic 

degradation of MB and MO over Zinc ferrite 

and Cobalt ferrite 

Photocatalytic degradation of MB and MO dyes 

increased with increasing photodegradation time 

until equilibrium was reached at 60 min, after 

which the degradation rate remained constant, as 

shown in Figs. 7 and 8. As a result, 60 min was 

selected as the ideal time for dye degradation. 

According to experimental results, the 

photocatalytic degradation percentage of MB and 

MO dyes on the as-prepared photocatalysts 

increased with the increase in photodegradation 

time, as confirmed by the UV-vis spectra of these 

dyes. The findings confirmed that the ZnF 

photocatalyst showed higher photocatalytic 

activity than the CoF photocatalyst for the 

degradation of MB and MO dyes. This agrees 

well with the results of the UV-vis spectra. The 

highest % degradation was 92.89% and 96.89% 

for MO and MB, respectively, on the znF 

photocatalyst compared to the CoF photocatalyst 

(87.55% and 88.41% for MO and MB, 

respectively). This could be attributed to the fact 

that more functional Fe-O and Zn-O groups 

attached to the ZnF photocatalyst are available to 

bind more toxic dye, or it could be due to the 

magnetic properties of CoF NPs, which led to 

larger particle sizes and larger aggregations than 

ZnF NPs. This means significantly more 

photocatalytic active sites and smaller nano sizes 

(which have a larger surface area) for ZnF NPs, 

which leads to higher photocatalytic performance 

in degrading the dyes. 

 

 
Fig. 5. Typical time-dependent evolution of UV-vis spectra for MB degradation under sunlight by a) ZnF and b) 

CoF photocatalysts. 

a) ZnF 

b) CoF 
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Fig. 6. Typical time-dependent evolution of UV-is spectra for MO degradation under sunlight by a) ZnF and b) 

CoF photocatalysts 
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Fig. 7. The degradation rate of MO and MB over CoF and ZnF samples under sunlight 

a) ZnF 

b) CoF 
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Fig. 8. Ln CO/Ct vs. the degradation time of MO and MB over ZnF and CoF under sunlight. 

These findings confirm that the as-prepared 

porous ZnFe2O4 and CoFe2O4 nanostructures are 

critical in promoting the degradation of dyes 

under sunlight instead of UV-vis light lamps that 

consume/require electrical energy.  

On the other side, the photodegradation kinetic 

was studied [10, 17, 37]. The corresponding slope 

of the fitting line presents the value of the rate 

constant k (min–1).  

ln
C0

C
= kt                             (3) 

Where k is the rate constant, t is the time of 

reaction, Co is the initial concentration, and C is 

the concentration after irradiation time. Firstly, 

Plotting Ln(C/Co) vs. time of degradation of MB 

and MO dyes (Fig. 8) gives a straight line with the 

slope of the kinetic constant k, and that describes 

the first-order reaction of photocatalytic 

degradation of dyes. Secondly, reaction half-life 

time t1/2 can be calculated using the following 

equation: 

t1/2= 0. 693/k                           (4) 

Where t1/2 is the half-life time of the reaction and 

k is the rate constant. Fig. 8 demonstrates that the 

photolysis reaction by CoF and ZnF 

photocatalysts obeyed the first-order kinetic 

model and had a best R2 value approximately 

equal to unity. Furthermore, we summarized the 

calculated rate constants and half-lives for the 

photodegradation reactions of MB and MO  

dyes using both CoF and ZnF photocatalysts in 

Table 1.  

According to kinetic results, the ZnF 

photocatalyst showed higher rates and a lower 

half-time than those of the CoF photocatalyst. 

This agrees well with the UV-vis spectra and 

nanosizes calculated by TEM and XRD. Since 

ZnF has smaller nanoparticles than CoF, it has 

more active sites. 

3.2.3. Mechanism of photocatalytic 

degradation of MB and MO dyes 

The photocatalytic degradation mechanism of 

MB and MO dyes has been thoroughly suggested. 

Utilizing both zinc and cobalt ferrites as 

photocatalysts, the proposed mechanism could be 

explained by the pairs of hole-electrons in this 

case. 
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Table 1. Rate constant, half-life, band gap, particle size, and % degradation of dyes. 

Dye sample K (min-1) t1/2 (min) Band gap (ev) % removal Particle size (nm) 

MB 
ZnF 0.255 2.72 2.24 96.89 9-16 

CoF 0.101 6.86 2.31 92.89 11-18 

MO 
ZnF 0.772 1.00 2.24 88.41 9-16 

CoF 0.02 5.00 2.31 87.55 11-18 

 

Fig. 9 shows the photocatalytic degradation 

mechanism of MB and MO dyes over ZnF and 

CoF photocatalysts. On the other hand, the 

balanced chemical equations provide an outline of 

each step in the dye degradation mechanism using 

ZnF or CoF photocatalysts [11, 15, 22, 26, 28, 34]  

ZnF or CoF + hν (Sunlight radiations) → ZnF (h+ + ē) or 

CoF (h+ + ē)                           (5) 

ZnF(h+) or CoF (h+) + 2H2O → ZnF (h+) or CoF 

(h+) + OH• + H+                         (6) 

ZnF (h+) or CoF (h+) + OH- → ZnF or CoF + OH• 

                                    (7) 

ZnF or CoF + O2 (absorbate) + ē → ZnF or CoF + O2
-  

                                    (8)  

OH• + O2
- + (MB) or (MO) → CO2 + H2O    (9) 

 
Fig. 9. Mechanism of photodegradation of MB and 

MO dyes using the ZnF and CoF photocatalysts under 

sunlight 

4. CONCLUSIONS 

The degradation of MB and MO dyes was 

investigated using ZnFe2O4 and CoFe2O4 under 

direct sunlight radiation. The obtained solid 

ferrites were characterized by XRD, TEM, SEM, 

UV-vis, and EDS. From XRD and TEM results, 

the as-prepared ferrites have cubic nanostructures 

with sizes ranging from 9-16 nm and 11-19 nm 

for ZnFe2O4 and CoFe2O4, respectively. EDS 

spectra also confirmed that ZnFe2O4 and CoFe2O4 

were successfully formed with high purity. SEM 

images showed homogeneous flat surfaces that 

had porous nanostructures. The photocatalytic 

degradation findings showed that ZnFe2O4 

outperformed CoFe2O4 in terms of degradation 

efficiency (96.89% for MB) and (92.88% for MO) 

within 60 min. The kinetic study showed a good 

correlation coefficient for a pseudo-first-order 

kinetic model. These findings confirmed that the 

as-prepared ZnFe2O4 and CoFe2O4 are promising 

photocatalysts for environmental water 

remediation under sunlight instead of UV-vis 

light lamps that consume/require electrical 

energy. 
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