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In this study, MgFe2O4 was successfully synthesized through the coprecipitation 

method using the precursors Fe(NO3)3·9H2O and Mg(NO3)2·6H2O. The MgFe2O4 

product was characterized using XRD, SEM-EDS, VSM, UV-DRS, and FTIR. 

The catalyst was used for the photocatalytic degradation of Congo red dye under 

visible light irradiation. The variables of the photocatalytic degradation included 

solution pH, Congo red concentration, H2O2 concentration, and irradiation time. 

The MgFe2O4 synthesized has magnetic properties, with a saturation 

magnetization value of 17.78 emu/g and a band gap of 1.88 eV. A degradation 

efficiency of 99.62% was achieved under specific conditions, including a Congo 

red concentration of 10 mg/L, a solution pH of 6, an H2O2 concentration of 2.5 

mM, and an irradiation time of 180 min. The degradation efficiency without H2O2 

was observed to be 83.45%. The photocatalytic degradation of Congo red 

followed the pseudo-first-order kinetics model with a rate constant (k) of 0.0167 

min-1 and a half-life (t1/2) of 41.49 min. The total organic carbon (TOC) removal 

of 84.58% indicated that the mineralization of Congo red had occurred. The 

effectiveness of photocatalytic degradation decreased from 99.62% to 94.50% 

(<5%) after five cycles of photocatalytic degradation. The results demonstrated 

that MgFe2O4 has a high Congo red dye degradation efficiency, can be 

regenerated, and is readily separated from the solution using a permanent magnet.  
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1. INTRODUCTION

Dyes are widely produced by industries of, 

among others, textiles, pharmaceuticals, soap, plastics, 

cosmetics, paper, and food (Wang et al., 2012; Ali et 

al., 2020). Azo dyes are the most widely used by 

industry, reaching 35% (Argote-Fuentes et al., 2021). 

They contain aromatic and N=N groups (Mezohegyi 

et al., 2012). The dyes have high toxicity and can even 

bioaccumulate in the food chain (Robinson et al., 

2001; El Gaini et al., 2009). One of the azo dyes that 

is often used is Congo red. The dye has a structure that 

is resistant to oxidation and is difficult to degrade 

naturally, enabling it to survive in the environment for 

quite a long time (Sharma et al., 2021; Harja et al., 

2022). Congo red has an aromatic structure that causes 

it to be carcinogenic and mutagenic (Saha and 

Mukhopadhyay, 2020). For this reason, an effective 

method for treating industrial wastewater containing 

dyes is necessary. 

Various methods, such as adsorption (Harja et 

al., 2022), coagulation-flocculation (Habiba et al., 

2017), ion exchange (Gao et al., 2021), photo-

degradation (Jha and Chakraborty, 2020), electro-

chemical oxidation (Sathiskumar et al., 2019), and 

direct membrane (Khumalo et al., 2019) have been 

used to reduce dyes. Some of the methods used have 

limitations. The dyes only undergo physical 

transformation without structural change, resulting in 

secondary pollutants that must be treated using other 

methods (Lum et al., 2020).   

Advanced Oxidation Processes (AOPs) refer to 

methods that are inexpensive, effective, and capable of 
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converting organic contaminants into smaller, 

harmless molecules (Jarariya, 2022). These methods 

use destructive techniques based on oxidation-

reduction reactions with the help of photon energy. 

When a catalyst gains photon energy, electrons are 

excited from the valence band (VB) to the conduction 

band (CB) and leave the photo-generated hole (h+). 

Furthermore, electron pairs/holes allow oxidation and 

reduction processes to occur on the surface of the 

photocatalyst (Valenzuela et al., 2002; Augugliaro et 

al., 2012) which can also be used for photocatalytic 

degradation processes repeatedly. 

The effectiveness of degradation depends on the 

catalyst type and the irradiation source used (Oliveira 

et al., 2020). Semiconductor materials with wide band 

gaps (>3.0 eV), such as SnO2, ZnO, and TiO2, are 

corrosion-resistant but technically less effective at 

absorbing light in the UV region; only about 5% 

(Boudiaf et al., 2021). They are also unsuitable for the 

solar spectrum because it contains UV light and visible 

light irradiation of only 4.0% and 45%, respectively 

(Shahid et al., 2013). Thus, developing a photocatalyst 

capable of absorbing light in the visible region for 

practical applications is necessary. 

Spinel ferrites have the general chemical 

formula AB2O4 where A is a metal ion, such as Co, 

Cu, Zn, Mg, Ni, Fe, Cd, or another metal, while B is 

iron(III) oxide (Fe2O3). These materials have narrow 

band gaps, thus effectively absorbing light in the 

visible region (Shahid et al., 2013). One of the ferrite 

compounds is MgFe2O4, which is an n-type 

semiconductor with a band gap between 1.7-2.4 eV 

(McDonald and Barlett, 2021). MgFe2O4 is a soft 

magnet with chemical and thermal stability (Shahjuee 

et al., 2019; Jarariya, 2022). The magnetic properties 

of ferrite compounds are advantageous in 

photocatalytic degradation processes because the 

photocatalyst can be removed from the solution 

quickly using a permanent magnet. 

Combining a photocatalyst of ferrite 

compounds with H2O2 can increase degradation 

performance (Hariani et al., 2021). For example, the 

effectiveness of the photocatalytic degradation of 

CoFe2O4 with H2O2 on rhodamine B dyes was greater 

than that of CoFe2O4 under visible light irradiation 

(Nguyen et al., 2019). Likewise, the photocatalytic 

degradation of naphthalene using Fe3O4+H2O2 had 

greater effectiveness than without H2O2 (Zhang et al., 

2019). H2O2 is an oxidant that can increase the number 

of hydroxyl radicals, thereby increasing the 

degradation efficiency. In addition, it is safe and does 

not threaten the environment because it decomposes 

into water and oxygen easily. 

In this research, MgFe2O4 was synthesized 

using the coprecipitation method and applied to reduce 

the concentration of Congo red from solution. Several 

photocatalytic degradation variables, namely pH, 

initial concentration of dye, irradiation time, and H2O2 

concentration, were investigated. An analysis of total 

organic carbon was carried out to prove the occurrence 

of dye mineralization. The photocatalyst was used 

repeatedly for the photocatalytic degradation of dyes 

to investigate their effectiveness and stability.   

2. METHODOLOGY

2.1 Materials

Iron(III) nitrate nonahydrate Fe(NO3)3·9H2O, 

magnesium(II) nitrate hexahydrate (Mg(NO3)2·

6H2O), ethanol (C2O6O), sodium hydroxide (NaOH), 

hydrochloride acid (HCl solution 37%), and Congo 

red dye (C₃₂H₂₂N₆Na₂O₆S₂) were obtained from 

Merck, Germany. 

2.2 MgFe2O4 preparation 

As much as 8.08 g Fe(NO3)3·9H2O and 2.56 g 

Mg(NO3)2·6H2O were dissolved in 120 mL of distilled 

water. Under nitrogen gas flow, a 1 M NaOH solution 

was dripped into the solution and stirred using a 

magnetic stirrer until the pH reached ±10. The 

precipitate was filtered, washed repeatedly with 

distilled water until pH 7, then dried in an oven at 

100°C for 4 h and calcined at 500°C for 3 h to produce 

MgFe2O4 powder.   

2.3 Characterization of MgFe2O4 

The crystal structure and phase of the MgFe2O4 

were characterized using X-Ray Diffraction (XRD 

PANalytical), CuKα radiation was performed at a 

wavelength (λ=0.15418 nm) and an accelerated 

voltage of 30 kV in the range of 2θ=10-90°. The 

functional groups before and after the photocatalytic 

degradation were characterized by Fourier Transform 

Infra-Red (FTIR Prestige 21 Shimadzu), obtained 

using the KBr pellet technique and scanning from 

4,000-400 cm-1. The elemental morphology and 

composition were characterized using a Scanning 

Electron Microscope-Energy Dispersive Spectrometer 

(SEM-EDS JOEL JSM 6510 LA). The magnetic 

properties were determined using a Vibrating Sample 

Magnetometer (VSM Oxford Type 1.2 T). UV-Vis 

Diffuse Reflectance Spectroscopy (UV-Vis DRS 

Pharmaspec UV-1700) was used to determine 
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absorption and band gaps. The optical band gap value 

can be calculated by the equation (Equation 1): 

(αhv)n = A (hv − Eg) (1) 

Where; hv is the photon energy, A is the optical 

constant, h is the Planck constant, and n indicates 2 or 

½ for the direct and indirect transitions, respectively.  

The absorbance of Congo red was determined 

using a UV-Vis Spectrophotometer (Type Orion 

Aquamate 8000). The λmax for measurement of Congo 

red concentration was obtained at 498 nm. The 

mineralization was determined using Total Organic 

Carbon (TOC Teledyne Tekmar). 

2.4 Determination of pHpzc 

As much as 25 mL of 0.01 M NaNO3 solution 

was prepared, and its pH was adjusted to range from 2 

to 12 by adding 0.1 M HNO3 or NaOH. Then, 0.1 g of 

MgFe2O4 was added to each Erlenmeyer flask and 

shaken using a shaker at 150 rpm for 48 h (Hariani et 

al., 2022). The pH of each solution was then determined 

using a pH meter (HI 2211 Hanna). A graph of ΔpH 

versus initial pH is used to calculate the pH pzc. The 

pHpzc measurement was repeated three times. 

2.5 Photocatalytic degradation 

The photocatalytic degradation process was 

carried out in a closed reactor at room temperature. The 

light source used was visible light irradiation (150 w 

Xenon lamp) at a distance of 30 cm from the sample. 

The dye was placed in a quartz pipe (50 mL). Congo 

red dye was used in a volume of 25 mL at a 

concentration of 50 mg/L. Then, 0.02 g of MgFe2O4 

was added. The variables of photocatalytic degradation 

studied were pH effects (3-9), concentrations of Congo 

red (10, 20, 30, 40, and 50 mg/L), and H2O2 

concentrations (0.5, 1.0, 1.5, 2.0, and 2.5 mM) over a 

time range of 0-210 min. Photocatalytic degradation 

was carried out with three repetitions. The degradation 

efficiency was determined by the formula (Equation 2). 

Efficiency  (%) =  
Co− Ct

Co
  (2) 

Where; Co and Ct are the initial and final 

concentrations of Congo red (mg/L).  

After the degradation process, the catalyst is 

separated from the solution using an external magnet. 

The reusability of MgFe2O4 was determined by 

washing it with ethanol and distilled water, drying it in 

an oven for 60 min at 70ºC, and reusing it for other 

photocatalytic degradation processes. The reusability 

process is carried out according to the optimum 

conditions of photocatalytic degradation obtained. The 

experiment was repeated five times to determine the 

degradation efficiency (Ajabshir and Niasari, 2019; 

Hariani et al., 2022). Figure 1 shows a schematic 

diagram of a photocatalytic reactor for the degradation 

of Congo red dye. 

Figure 1. Schematic diagram of a photocatalytic reactor for the 

degradation of Congo red dye 

3. RESULTS AND DISCUSSION

3.1 Characterization of the synthesized MgFe2O4

The XRD pattern of MgFe2O4 at 2θ=10-90o is 

presented in Figure 2. The 2θ angles were observed at 

30.19o, 35.55o, 43.13o, 53.95°, 57.70o, 62.64o, and 

74.95o, which were of the planes (220), (311), (400), 

(422), (511), (440), and (553), according to JCPDS 

card 36-0398, namely cubic spinel structure. The 

crystallite size of MgFe2O4 was calculated to be 14.38 

nm using the Debye-Scherrer formula on the (311) 

reflection plane (Shahjuee et al., 2019). 

Figure 3(a) shows the absorbance of MgFe2O4 

as determined using UV-DRS. The UV-DRS spectra 

indicate the wavelength region of the catalyst 

absorbing light (Fu et al., 2019). It can be seen that the 

maximum absorption appears at a wavelength of 420 

nm which indicates that MgFe2O4 is more suitable to 

be used as a catalyst in the visible light region. Based 

on the extrapolation of the (αhv)n versus hv curve, the 

band gap value of MgFe2O4 was 1.88 eV (Figure 3(b)). 

The band gap is similar to MgFe2O4 synthesized using 

the sol-gel method (1.87 eV) (Vaish et al., 2019) and 

MgFe2O4 synthesized using solution combustion (1.91 

eV) (Sripiya et al., 2019).
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Figure 2. XRD pattern of MgFe2O4

Figure 3. (a) UV-DRS spectrum and (b) band gap of MgFe2O4 

The morphology of MgFe2O4 is presented in 

Figure 4. The morphology of MgFe2O4 appeared to be 

inhomogeneous; agglomeration occurs in some of it. 

SEM mapping revealed that Fe (blue) dominated the 

surface, Mg (red) was almost uniformly distributed, 

and Oxygen (O) was covered by Fe. The mass 

percentage of Fe was the highest (59.06%), while O 

and Mg were 30.26% and 10.68%, respectively. The 

presence of elements Fe, Mg, and O indicated that the 

synthesis of MgFe2O4 was successful. 

Figure 5 shows the MgFe2O4 magnetization 

curves analysis using VSM. The magnetization curves 

show superparamagnetic properties. The saturation 

magnetization value of MgFe2O4 was 17.78 emu/g, 

more significant than that of MgFe2O4 synthesized 

using tragacanth gum (TG) by the sol-gel method (14 

emu/g) (Fardood et al., 2019). MgFe2O4 is classified 

as a soft magnetic semiconductor material of the n-

type (Maensiri et al., 2009). The saturation magne-

tization of bulk MgFe2O4 is approximately 26.9 emu/g 

(Sepelak et al., 2003). The magnetic property of 

MgFe2O4 is an advantage of the catalyst in a 

photocatalytic degradation process. MgFe2O4 can be 

separated from the solution quickly and easily with a 

permanent magnet after the degradation photocatalytic 

process. 
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Figure 4. SEM images of (a) MgFe2O4, (b) elemental mapping of MgFe2O4, (c) O element, (d) Mg element, and (e) Fe element 

Figure 5. Saturation magnetization curves of MgFe2O4 

3.2 Photocatalytic activity 

The pH of the solution affects the interaction 

between the dye and the catalyst. In a photocatalytic 

degradation process, the first step is the attraction 

between the dye and the catalyst. The next step is the 

decomposition of the dye by two active species, 

namely superoxide anion ( O𝟐
−• ) and hydroxyl radical

( OH• ). In a solution with pH > pHpzc, MgFe2O4 is

negatively charged. MgFe2O4 is positively charged if

the pH of the solution < pHpzc. This study found a

pHpzc of 6.8 (Figure 6(a)). pH effect was studied

using a dye concentration of 50 mg/L in as much as 25 

mL with 0.02 g of MgFe2O4 in the pH range of 3-9 and 

irradiation time of 0-210 min, as shown in Figure 6(b). 

The degradation efficiency increases with increasing 

pH of the solution, with a maximum degradation 

efficiency of 68.45% at pH 6. The pKa of Congo red 

dye at room temperature (25oC) is 4.1. Congo red 

dissociates into a polar group, specifically a negatively 

charged sulfonate group (R-SO3-), under acidic 

conditions (Lafi et al., 2019). At a solution pH < 

pHpzc, MgFe2O4 is positively charged, increasing the 

attraction between the dye and MgFe2O4 (Shaban et 

al., 2019). Conversely, there is repulsion between 

MgFe2O4 and dyes at an alkaline pH because both are 

negatively charged (Hariani et al., 2021; Saleh and 

Taufik, 2019). 

The effect of Congo red concentration was 

observed in the concentration range of 10-50 mg/L in 

as much as 25 mL with a mass of 0.02 g of MgFe2O4 

and a pH of 6, as shown in Figure 6(c). The highest 

degradation efficiency occurred at a concentration of 

10 mg/L. The elevated dye concentration results in an 

increased quantity of dye molecules that require 

decomposition by a restricted quantity of hydroxyl 

radicals. There is an inverse relationship between dye 

concentrations and degradation efficiency, whereby 

higher concentrations of dye lead to lower degradation 

efficiency (Boudiaf et al., 2021). In addition, the high 
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dye concentration can block light from interacting 

with the catalyst, thereby reducing the hydroxyl 

radicals generated (Vasiljevic et al., 2020; Jha and 

Chakraborty, 2020). This is similar to other research 

for the degradation of Congo red using CoAl2O4/ZnO 

under visible light irradiation. The photocatalytic 

degradation reactions are as follows (Jarariya, 2022; 

Ammar et al., 2020): 

MgFe2O4 +  hv  →  MgFe2O4 (eCB
-  +  hVB+)     (3) 

eCB
-  + O2 → O2

-•   (4) 

hVB+  +  H2O   →  H+ + OH
•

     (5) 

O2
-•  + H+  →  OH2

•     (6) 

O2
-•  + H2O  →  HO2

•  + OH-    (7) 

OH2
•  + H2O  →  H2O2 + OH

•
     (8) 

H2O2  →  2 OH
•

     (9) 

O2
-•  + Congo red  →  CO2 + H2O + other products  (10) 

OH
•

 + Congo red  →  CO2 + H2O + other products  (11) 

Figure 6. (a) pHpzc of MgFe2O4 and degradation photocatalytic of Congo red as a function of (b) pH, (c) initial concentration, and (d) 

H2O2 concentration 

Figure 6(d) shows the effect of H2O2 on the 

degradation efficiency of Congo red. The dye 

concentration used was 10 mg/L with a volume of 25 

mL, 0.02 g of MgFe2O4, a solution pH of 6, and H2O2 

concentrations ranging from 0.5 to 2.5 mM. At 30 to 

180 min, it is demonstrated that the greater the H2O2 

concentration, the more efficient the degradation. No 

significant difference was observed in the degradation 

efficiency between the 180 and 210 irradiation times.  

The increasing concentration of H2O2 also 

caused the degradation process to become less 

effective because the OH•  produced reacted with H2O2

-4

-3

-2

-1

0

1

2

3

4

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Δ
p

H

Initial pH

0

10

20

30

40

50

60

70

80

90

100

2 3 4 5 6 7 8 9 10

D
eg

ra
d

at
io

n
 (

%
)

pH

30 min 60 min 90 min

120 min 150 min 180 min

210 min

0

10

20

30

40

50

60

70

80

90

100

0 30 60 90 120 150 180 210 240

D
eg

ra
d

at
io

n
 (

%
) 

Time (min)

10 mg/L 20 mg/L

30 mg/L 40 mg/L

50 mg/L

0

10

20

30

40

50

60

70

80

90

100

110

0 30 60 90 120 150 180 210 240

D
eg

ra
d

at
io

n
 (

%
)

Time (min)

0 mM 0.5 mM

1.0 mM 1.5 mM

2.0 mM 2.5 mM

(a) (b) 

(c) (d) 

327



Riyanti F et al. / Environment and Natural Resources Journal 2023; 21(4): 322-332

reduced the probability of OH•  to attack the dye (Saleh 

and Taufik, 2019). The reactions that occurred were as 

follows (Flores et al., 2014):  

OH
•

 +  H2O2  →  HO2
•  +  H2O       (12) 

OH
•

 +  HO2
•   →  H2O2 +  ½O2       (13) 

Figure 7 shows the comparison of the 

degradation efficiency of MgFe2O4, visible light, 

H2O2, MgFe2O4 + visible light, and MgFe2O4 + H2O2 

+ visible light. Sequentially, visible light irradiation

(photolysis) < MgFe2O4 < H2O2 < MgFe2O4 + visible

light irradiation < MgFe2O4 + H2O2 + visible light

irradiation. The Congo red used had a concentration of

10 mg/L, a volume of 25 mL, 0.02 g MgFe2O4, a pH

of 6, a concentration of H2O2 of 2.5 mM, and an

irradiation time of 180 min. The results of this study

suggest that the MgFe2O4 and visible light irradiation 

had the greatest impact on combined effects on 

degradation efficiency. However, it was also observed 

that the inclusion of H2O2 led to an increase in 

degradation efficiency. In this study, without the 

addition of H2O2 with an irradiation time of 180 min, 

the degradation efficiency was 83.45%. Adding H2O2 

with a concentration of 2.5 mM increased the 

degradation efficiency to 99.60%. Another study, with 

an increase in H2O2 concentration, revealed that the 

photocatalytic degradation efficiency of acid orange 7 

dye using a ZnO catalyst increased. With the addition 

of 1.25 mM H2O2, its degradation efficiency increased 

from 38 to 78.9% (Rahmati et al., 2021). Table 1 

shows that combined degradation using MgFe2O4, 

visible light irradiation and H2O2 has the highest 

degradation efficiency compared to other studies. 

Figure 7. The comparison of the degradation efficiency of MgFe2O4, visible light irradiation, H2O2, MgFe2O4 + visible light irradiation, 

and MgFe2O4 + H2O2 + visible light irradiation 

Table 1. Comparison of degradation of Congo red using several catalysts 

Catalyst pH Dose (g/L) Concentration (mg/L) Efficiency (%) References 

Cellulose/PVC/ZnO - 0.6 50 90 Linda et al. (2016) 

Bs-CoFe2O4 9 0.03 5 84 Ali et al. (2020) 

Ni-TiO2 2 0.8 80 92.31 Indira et al. (2021) 

CoAl2O4/ZnO - 0.1 20 97 Boudiaf et al. (2021) 

TiO2/CoC@SiO2bipy 4 0.045 10 95.80 Hammud et al. (2022) 

SnO2-Fe3O4 + H2O2 6 0.03 18 50.76 Said et al. (2022) 

MgFe2O4 + H2O2 6 0.02 10 99.62 In this work 

3.3 The kinetics of photocatalytic degradation 

The kinetics of photocatalytic degradation of 

Congo red is expressed using the pseudo-first-order 

kinetics equation as follows (Mahboob et al., 2023; 

Boudiaf et al., 2021): 

ln (
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C
)  =   kt (14) 
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Where; Co and C is the initial concentration and 

the concentration after the photocatalytic degradation 

of Congo red at each time (t), rate constant (k), 

respectively. Figure 8 shows the kinetics of photo-

catalytic degradation of Congo red using MgFe2O4 at 

a dye concentration of 10 mg/L in as much as 25 mL 

volume, 0.02 g MgFe2O4, and pH 6, H2O2 2.5 mM 

under visible light irradiation.  

Figure 8. Kinetic photocatalytic degradation of Congo red using 

MgFe2O4 

The correlation coefficient (R2) obtained was 

0.9992, close to 1, indicating that the photocatalytic 

degradation was in accordance with the pseudo-first-

order. This study determined a k of 0.0167 min-1 and a 

half-life value (t1/2=0.693/k) of 41.49 min. Other 

investigations have demonstrated that the photo-

catalytic degradation of Congo red employing P-

ZrO2CeO2ZnO nanoparticles follows a pseudo-first-

order with a k of 0.0069 min-1 and a t1/2 of 100.46 min 

(Hokonya et al., 2022). Several variables influence the 

disparity between degradation rates, including catalyst 

particle size, surface area, work function value (eV), 

and dye structure (Mandal et al., 2023). 

3.4. FTIR spectra before and after photocatalytic 

degradation 

Figure 9 presents the FTIR spectra of MgFe2O4 

before and after being used for Congo red 

photocatalytic degradation. The broad peak at the 

wavenumber around 3,400 cm-1 represented the O-H 

vibrations of the adsorbed water molecules. This result 

was reinforced by the peak at the wavenumber of 

around 1,630 cm-1, namely H-O-H bending vibrations 

(Samiei et al., 2018). The characteristics of MgFe2O4 

were observed at wavenumbers in the range 400-800 

cm-1 attributed to M-O-M stretching (M=Mg and Fe).

Wavenumbers around 580 cm-1 and 400 cm-1 confirm

the presence of ferrite structure (Mohdi et al., 2006).

The peaks of MgFe2O4 before and after photocatalytic

degradation showed the same characteristics, namely,

the wavenumbers appearing at 563 cm-1 and 567 cm-1

were Fe-O vibrations of tetrahedral and octahedral

sites, while those in the area around 422 cm-1 and 418

cm-1 were the vibrations of octahedral sites. However,

some Congo red was adsorbed on MgFe2O4, as

evidenced by the peak at wavenumbers 1,043 cm-1 and

1,167 cm-1 that was (SO3) stretching of the sulphonate

groups in Congo red dye (Hammud et al., 2022).

Figure 9. FTIR spectrum of Mg2Fe2O4 before and after photocatalytic degradation 
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3.5. Reusability of the photocatalyst 

Determining a catalyst’s performance requires 

testing its regeneration and reuse. MgFe2O4, after use 

in the photocatalytic degradation process, was washed 

and dried in an oven to be reused for photocatalytic 

degradation at the optimum conditions obtained, 

namely, Congo red at a concentration of 10 mg/L in a 

volume of 25 mL, 0.02 g MgFe2O4, a pH of 6, 2.5 mM 

H2O2, and an irradiation time of 180 min. Figure 10 

presents the effectiveness of degradation after five 

cycles. After five cycles, the effectiveness of 

photocatalytic degradation decreased from 99.62% to 

94.50% (<5%). Such a reduction in the degradation 

effectiveness can occur during the photocatalytic 

degradation processes, such as separation, washing, 

drying processes, and the catalyst can undergo 

agglomeration (Hariani et al., 2022). 

Figure 10. Reusability of MgFe2O4 as photocatalyst 

The level of mineralization of Congo red as a 

result of photocatalytic degradation is determined 

from the total organic carbon (TOC) value. 

Mineralization levels are usually not fully developed 

(Pourzad et al., 2020). In this study, the TOC values 

were determined before and after photocatalytic 

degradation with a dye concentration of 10 mg/L, pH 

6, H2O2 concentration of 2.5 mM, and irradiation time 

of 180 min. The TOC removal obtained was 84.58%. 

Other research indicated that the longer the irradiation 

time, the higher the effectiveness of TOC. Congo red 

photocatalytic degradation using CoAl2O4/ZnO under 

visible light irradiation obtained a maximum TOC of 

66.9% (Boudiaf et al., 2021). A reduction in the TOC 

value proves that dye mineralization has occurred. 

4. CONCLUSION

MgFe2O4 has been successfully synthesized by 

the coprecipitation method. The results show that 

MgFe2O4 has magnetic properties and, after being used 

as a photocatalyst, is easily separated from the solution 

using a permanent magnet. The efficiency of 

photocatalytic degradation is affected by the pH of the 

solution, the concentration of dye, and the addition of 

H2O2. The optimum photocatalytic degradation was 

obtained at a solution pH of 6, a dye concentration of 

10 mg/L, a concentration of 2.5 mM H2O2, and 

irradiation time of 180 min under visible light 

irradiation, with a degradation efficiency of 99.62%. 

MgFe2O4 has high stability and reusability because, 

after five cycles, the degradation efficiency is above 

90%. The study indicated that MgFe2O4 has the 

potential to be used for wastewater treatment, 

especially for treating wastewater containing dyes. 
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