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Abstract 

Methylene blue wastewater from the paper, clothing, and textile industries can adversely affect aquatic ecosystems if 

improperly treated. One method to treat methylene blue pollutants in sewage is through photocatalysis techniques 

using magnesium ferrite (MgFe2O4) nanoparticle-based semiconductors. The MgFe2O4 is effective for methylene blue 

degradation because it is stable in aqueous systems, inexpensive, and has good photocatalytic activity. This study aims 

to synthesize MgFe2O4 nanoparticles with pumpkin seed extract (Cucurbita moschata) as a capping agent through a 

hydrothermal method. Characterization results show that MgFe2O4 nanoparticles synthesized with the addition of 3 

mL pumpkin seed extract have a crystal size of 3.87 nm, cubic spinel structure, average particle size of 29 nm, and 

band gap energy value of 1.94 eV. The MgFe2O4 nanoparticles produced optimum degradation efficiency under mercury 

lamp irradiation with a degradation capacity of 391.98 mg/g at pH = 12.  
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1. Introduction  

The wastewater from the textile industry 

contains a wide variety of pollutants that are 

harmful to the environmental ecosystem, 

including organic matter, inorganics, heavy 

metals, and dyes [1]. The textile industry uses 

1000 100,000 kinds of dyes, which are available in 

the commercial market. Based on data from 

Badan Pusat Statistik, Indonesia's average 

import volume of synthetic dyes in the last five 

* Corresponding Author. 

   Email: sukandarkimia@uinjkt.ac.id (D. Sukandar) 

years has reached more than 42,000 tons/year [2]. 

Methylene blue is one of the dyes with the highest 

consumption rate in the textile industry [3].   

Methylene blue is widely applied in the textile 

industry because it contains many chromophore 

groups, so it has an intense colour attachment to 

fabric, cotton, and paper fibres [4-5]. Methylene 

blue is classified as a heterocyclic aromatic 

chemical compound and is difficult to degrade 

naturally [6]. The presence of methylene blue in 

high concentrations has harmful effects on 

aquatic ecosystems. In addition, methylene blue 

contaminated water, when consumed, can cause 

https://journal.bcrec.id/index.php/bcrec
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cyanosis, necrosis, and increased heart rate in 

humans [7-8]. Several treatment methods have 

been used to address the pressing environmental 

issues caused by dye waste, including coagulation-

flocculation, biodegradation, chlorination, and 

filtration [9-11]. However, these methods, while 

useful, have their limitations in fully eliminating 

the dye waste, necessitating further treatment 

[12]. This underscores the urgent need for a more 

effective solution. One such promising method is 

the use of photocatalysis techniques, which can 

break down the dye into smaller, safer 

components through photodegradation reactions 

[13].  

Photocatalysis is a chemical transformation 

process involving photons (light) as an energy 

source and catalyst to increase the rate of 

transformation [14].  The application of dye waste 

treatment using this method has advantages; 

namely, the reaction results do not require further 

processing, are simple, economical, and can 

convert pollutants into degradation products with 

lower toxicity [15-16].  The photocatalysis method 

requires semiconductor materials in 

nanoparticles with chemically stable 

characteristics and high photocatalytic activity 

and can be used repeatedly [17].  

One type of photocatalyst that can be applied 

for dye photodegradation is metal ferrite (MFe2O4) 

[18-19]. MFe2O4 is a ferrite compound with M as a 

divalent metal ion that can be used in the 

degradation process, such as Mn, Fe, Cu, Ni, Mg, 

and Co [20]. Magnesium ferrite (MgFe2O4) is one 

of the most effective ferrite compounds used for 

photodegradation of dye pollutants because it has 

good photocatalytic activity and stability in 

aqueous media [21]. In addition, MgFe2O4 has a 

reasonably small band gap energy (~1.9 eV), is 

easy to synthesize at a low cost, and is non-toxic 

[22-24].   

MFe2O4 nanoparticles can be synthesized 

using various methods, such as sol-gel, 

sonochemical, co-precipitation, and hydrothermal 

methods [25-29].  However, the most effective 

method is hydrothermal, a method with great 

potential, due to its environmental friendliness 

and economy. The product has high crystallinity, 

a key factor in its function as a photocatalyst, and 

can produce nano-sized particles [28]. Saridewi et 

al. (2024) successfully synthesized ferrite metal 

nanoparticles in the form of ZnFe2O4 through a 

hydrothermal method, a promising approach, to 

produce a particle size of 26.15 nm with the 

addition of 3 mL of Lidah mertua extract [28]. 

 In recent years, researchers have focused on 

using eco-friendly synthesis methods to minimize 

dependence on harmful synthetic chemicals. This 

method involves using environmentally safe 

materials sourced from plant extracts. Plant 

extracts can serve as capping and stabilizer 

agents in nanoparticle synthesis because they 

contain secondary metabolite compounds for 

forming metal and metal oxide nanostructures. 

Pumpkin seeds (Curcubita moschata) are one 

of the potential materials used as a capping agent 

in nanoparticle synthesis. The phytochemical 

content in pumpkin seeds in the form of flavonoid 

and polyphenol compounds acts as a capping 

agent in nanoparticle synthesis [25]. Flavonoids 

play a role in preventing nanoparticle 

agglomeration and can control particle growth by 

reducing surface energy in preventing 

aggregation [30-31]. Saridewi et al. successfully 

synthesized ZnO nanoparticles with pumpkin 

seed extract through the sol-gel method, showing 

a spherical shape with an average particle size of 

28.07 nm [25]. 

According to the literature investigation, the 

utilization of plant extracts in the synthesis 

process of metal ferrite nanoparticles, particularly 

based on magnesium metal and its application as 

a photocatalyst, is still difficult to find. Based on 

this background, this research focuses on 

synthesising magnesium ferrite nanoparticle-

based photocatalyst (MgFe2O4) through a 

hydrothermal method using pumpkin seed extract 

(C. moschata) as a capping agent. Determination 

of MgFe2O4 performance as a photocatalyst was 

carried out by measuring the degradation 

efficiency of MgFe2O4 against methylene blue dye 

under 250-watt mercury lamp irradiation for 1 

hour. Optimization was carried out on the 

variation of pH, methylene blue concentration, 

and MgFe2O4 mass. 

 

2. Materials and Methods 

2.1  Materials 

The materials used in this study were dried 

pumpkin seeds (C. moschata) obtained from the 

Yogyakarta area, sodium hydroxide (NaOH) 

emsure grade (Merck), magnesium nitrate 

hexahydrate (Mg(NO3)2.6H2O) (p.a) (Merck), 

iron(III) nitrate nonahydrate (Fe(NO3)3.9H2O) 

(p.a.) (Merck) distilled water, and methylene blue 

(Merck). 

 

2.2  Synthesis of MgFe2O4 Nanoparticles 

Pumpkin seeds (C. moschata) were dried at 

100 °C for two days. Next, the dried seeds were 

pulverized into powder. 5.0 g of pumpkin seed 

powder was put into a beaker, and 100 mL of 

distilled water was added. After that, it was 

heated in a 58 °C water bath for two hours while 

stirring using a magnetic stirrer at 300 rpm. The 

pumpkin seed extract was filtered with Whatman 

No. 41 paper, and the filtrate was then used in the 

MgFe2O4 nanoparticle synthesis process. 

The MgFe2O4 nanoparticles were synthesised 

hydrothermally with a capping agent in pumpkin 
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seed extract (C. moschata). A total of 0.005 mol 

Mg(NO3)2.6H2O and 0.01 mol Fe(NO3)3.9H2O were 

dissolved with 17 mL of distilled water and stirred 

using a magnetic stirrer at 500 rpm. Next, 3 mL 

of pumpkin seed extract was added to the mixture 

while continuing to stir. After that, stirring was 

continued for 1 hour. Next, 4 M NaOH was added 

until pH = 12 and stirred again for 2 hours. The 

mixture was then put into a Teflon-line autoclave 

and heated at 180 °C for 3 hours. The precipitate 

formed was filtered and washed using distilled 

water until pH = 7. The precipitate was dried at 

110 °C for 4 hours, then calcined at 500 °C for 2 

hours to produce MgFe2O4 powder.  

 

2.3  Characterization of MgFe2O4 Nanoparticles 

The crystallinity and crystal size of MgFe2O4 

nanoparticles were analyzed using a Shimadzu 

XRD 7000 Maxima X-ray diffraction (XRD) using 

Cu-Kα radiation (λ = 1.54056 Å) at 40 kV voltage 

and 30 mA current. The diffractograms were 

processed through the Origin application to 

determine sample size, crystallinity, and phase 

type. The Debye Scherrer equation (Equation 1) 

determined the crystal size. 

 

𝐷 =
𝑘λ

𝛽𝑐𝑜𝑠 θ
     (1) 

 

where, D is crystal size, k is crystal form factor 

(0.9), λ is X-ray wavelength (λ = 1.5418 Å), β is 

value of Full Width at Half (FWHM) (rad), and θ 

is diffraction angle (degree). 

The surface morphology of MgFe2O4 

nanoparticles was analyzed using an FEI Quanta 

650 SEM at a voltage of 25 kV. Ultraviolet-Visible 

Diffuse Reflectance Spectroscopy (UV-Vis DRS) 

measurements were carried out to determine the 

sample's band gap energy based on the 

measurement of light intensity reflected by the 

sample. Reflectance measurements were made in 

the 200-800 nm region using BaSO4 powder as a 

blank. The Kubelka-Munk equation (Equation 2) 

determined the band gap energy.  

 
𝐾

𝑆
=  

(1−𝑅)2

2𝑅
= 𝐹(𝑅)     (2) 

 

where, 𝑅 is the diffuse reflectance and 𝐹(𝑅) is 

called the Kubelka-Munk function. 

In a parabolic band structure, the band gap 

energy (Eg) and absorption coefficient (α) values 

are connected through the Tauc plot. The Tauc 

relationship for band gap energy is shown in 

Equation (3). 

 

𝛼(ℎ𝜐) ≈ 𝐴(ℎ𝜈 − 𝐸𝑔)
𝑛
    (3) 

 

where, 𝛼 is linear absorption coefficient, υ is light 

frequency (v = c/λ, s-1), A is proportionality 

constant, h is Planck constant (6.626×10-34 J.s), Eg 

is band gap energy (eV), and n is allowed 

electronic transition value (n = 2 for indirect 

transition, n = ½ for direct transition). When the 

incident radiation is perfectly scattered, the 

absorption coefficient K equals 2α. In this case, 

considering the scattering coefficient S as 

constant to wavelength, the Kubelka Munk 

function is proportional to the absorption 

coefficient α; using Equation (2), we get the 

relation (Equation 4): 

 

[𝐹(𝑅)ℎ𝜈]1/𝑛 = 𝐴(ℎ𝜈 − 𝐸𝑔)   (4) 

 

Furthermore, the band gap is calculated by 

plotting the graph of [F(R)hv]1/n as the y-axis and 

energy (hv) as the x-axis. The band gap can be 

obtained by extending a straight line from a 

straight graph part connecting the x-axis (hv). The 

value of the band gap is the energy (hv) when 

[F(R)hv]1/n is equal to zero. 

 

2.4  Photocatalytic Activity Test of MgFe2O4 

The photocatalytic activity of MgFe2O4 

nanoparticles for methylene blue degradation was 

tested at variations of pH (6-13), methylene blue 

concentration (10-80 ppm), and MgFe2O4 mass (5-

25 mg). The photocatalytic activity test was 

conducted under 250-watt mercury lamp 

irradiation for 1 hour. The test was performed by 

dispersing MgFe2O4 nanoparticles into 50 mL of 

methylene blue solution. Furthermore, the 

suspension was magnetically stirred at 300 rpm. 

The suspension was then sampled as much as 2 

mL and centrifuged at 6000 rpm for 10 minutes. 

The absorbance of methylene blue in the solution 

was measured using a UV-Vis spectrophotometer 

at 665 nm. The degradation efficiency and 

degradation capacity of methylene blue were 

determined by the following Equations 5 and 6: 

 

𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =
(𝐶0−𝐶𝑡)

𝐶0
× 100% (5) 

 

𝑄 = 𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) × 𝐶0 ×
𝑉

𝑚
 (6) 

 

where,  C0 is initial concentration of methylene 

blue (mg/L) (t = 0 min), Ct is methylene blue 

concentration at a certain reaction time, Q is 

degradation capacity (mg/g), m is mass of 

photocatalyst (gram), and V is methylene blue 

solution volume (L). 

 

3. Results and Discussion  

3.1  MgFe2O4 Nanoparticles 

MgFe2O4 nanoparticles were synthesized 

using a hydrothermal method that involves the 

process of crystal formation through a reaction 

mechanism between Mg(NO3)2.6H2O and 

Fe(NO3)3.9H2O solutions with pumpkin seed 
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extract (C. moschata) as a capping agent and the 

addition of NaOH as a strong base that plays a 

role in the crystallization process. The 

hydrothermal stimulate crystal growth during 

mineralization, with the reaction taking place in a 

secure closed system using water as a solvent at 

180 °C and high pressure [29,32]. Temperature is 

one factor affecting the formation of the MgFe2O4 

crystal phase; if the temperature is below 180 °C, 

the reaction is not entirely successful. The water 

acts as a solvent accelerate the reaction and 

changing the physical and chemical properties of 

products and reactants [33]. Hydrolysis and 

ionization reactions will increase with increasing 

temperature and pressure, and the crystallization 

process occurs when the dielectric constant of 

water decreases with increasing temperature and 

pressure. 

Rohmah et al. [34] explained that the addition 

of NaOH initiates the nucleation process by 

catalyzing the hydration reaction of the metal 

hydroxide mixture, thus forming a precipitate by 

increasing the rate of nucleation and crystal 

growth and ensuring faster and more controllable 

crystal growth. NaOH plays an essential role in 

the synthesis of MgFe2O4 by controlling the pH of 

the solution, which is crucial for precipitating 

Mg2+ and Fe3+ ions in the form of hydroxides. As a 

precipitating agent OH- ions react with Mg2+ and 

Fe3+ ions to form Mg(OH)2, Fe(OH)3 and 

MgxFey(OH)z precipitates. Thus, the MgxFey(OH)z 

was washed using distilled water to remove 

impurities or contaminants in MgFe2O4 so that 

the resulting MgFe2O4 crystal has high purity. 

These impurities are from excess NaOH and NO3- 

ions.  The drying process is carried out at 110 °C 

to remove solvents still trapped in the 

MgxFey(OH)z. The calcination process is carried 

out at 500 °C for two hours to convert MgxFey(OH)z 

into MgFe2O4 crystals. 

NaOH concentration is essential in 

controlling the size of MgFe2O4 particles formed. 

Puspitasari et al. have successfully synthesized 

MnFe2O4 nanoparticles with the addition of 

NaOH at pH = 12, resulting in a smaller crystal 

size of MnFe2O4 nanoparticles compared to NaOH 

pH = 10, namely 11.0564 nm [35]. The MgFe2O4 

synthesis reaction can generally be seen in 

Equations (6-12). 

 

Mg(NO3)2.6H2O(aq) → Mg2+(aq) + NO3-(aq) + 2H2O(l) 

(7) 

Fe(NO3)3.9H2O(aq) → Fe3+(aq) + 3NO3-(aq) + 9H2O(1)  

(8) 

Mg2+(aq) + 2OH-(aq) → Mg(OH)2(s)   (9) 

Fe3+(aq) + 3OH-(aq) → Fe(OH)3(s)              (10) 

Mg2+(aq) + Fe3+(aq) + OH-(aq) → MgxFey(OH)z (s)     (11) 

MgxFey(OH)z(s) 
∆
→ MgFe2O4(s) + H₂O(g)             (12) 

 

Pumpkin (C. moschata) seed extract acts as a 

capping agent to form a protective layer by 

binding to the nanoparticle surface and selectively 

affecting the nanoparticle structure to prevent 

aggregation. The polyphenol compounds in 

pumpkin seed extra plays in forming the Mg/Fe-

polyphenol complex compound. The negatively 

charged hydroxyl groups from those compounds 

reduce Mg2+ and Fe3+ to Mg and Fe. Then, the Mg 

and Fe atoms formed into Mg and Fe clusters, and 

prevent aggregation between Mg and Fe clusters, 

thus forming stable nanoparticles [36]. The 

synthesis mechanism of MgFe2O4 nanoparticles 

using pumpkin seed extract is shown below 

(Figure 1). 

Figure 2 shows the results of synthesising 

powder-shaped MgFe2O4 nanoparticles with a 

brownish colour. Hernández et al. and Naaz et al. 

stated that magnesium ferrite (MgFe2O4) 

nanoparticles have a brownish to blackish colour 

[37-38]. This colour may vary depending on the 

synthesis method used. The yield of MgFe2O4 

nanoparticles obtained was 70%.  

 

3.2  Characteristics of MgFe2O4 Nanoparticles 

Figure 3 shows the diffraction pattern of 

MgFe2O4 with diffraction peaks appearing at 2θ = 

30.5°, 35.73°, 43.1°, 57.34°, and 62.98°, which 

correspond to field index values of (220), (311), 

(400), (511) and (440), which describes MgFe2O4 

Figure 2. MgFe2O4 Nanoparticles 
Figure 3. Diffraction pattern of MgFe2O4 

nanoparticles 
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with spinel-type structure. The diffraction peak 

values of MgFe2O4 synthesized in this study have 

similarities with MgFe2O4 from JCPDS No. 36-

0398 data. 

The FWHM value must be significant to 

determine the small crystal size. The Debye-

Scherer equation describes the relationship 

between crystal size and FWHM [39]. The Debye 

Scherrer equation states that the resulting crystal 

size value is inversely proportional to the FWHM 

value which influenced by the intensity of each 

crystal surface, where the higher the intensity, 

the smaller the FWHM value [40]. The results of 

determining the crystal size using the Debye-

Scherrer equation show that MgFe2O4 

nanoparticles have an average crystal size of 3.87 

nm, which belongs to the nanocrystal group. 

Hydroxyl groups from flavonoids and polyphenols 

contained in pumpkin seed extract play an 

essential role as a capping agent in controlling 

crystal size by attaching to the crystal surface due 

to electrostatic forces so that it can help crystal 

growth and affect the properties of the resulting 

material [25]. Capping agents can affect crystal 

size by inhibiting crystal growth, resulting in 

crystals with smaller sizes [41]. 

Figure 4 shows that the morphology of the 

synthesized MgFe2O4 nanoparticles is spherical. 

Furthermore, the average particle size of MgFe2O4 

nanoparticles was measured using Image J 

software (Figure 5). Figure 5 shows the size 

distribution of MgFe2O4 nanoparticles ranging 

from 5 - 90 nm, with the most dominant average 

particle size of 29 nm which belongs to the 

nanoparticle group. 

Figure 1. Mechanism of MgFe2O4 nanoparticles synthesis using pumpkin seed extract (C. moschata) 

Figure 4. SEM analysis results of MgFe2O4 nanoparticles at magnification (a).  1.000×; and (b).  30.000× 

(a) (b) 
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Element Composition (% w/w) 

Oxygen (O) 8.7 

Magnesium (Mg) 25.8 

Iron (Fe) 65.5 

Figure 6 and Table 1 indicates that the 

synthesized MgFe2O4 nanoparticles are primarily 

composed of atomic oxygen (O), magnesium (Mg), 

and iron (Fe), with weight percentages of 8.7%, 

25.8%, and 65.5%, respectively. The dominance of 

the Fe element over Mg and O is due to the 2:1 

mole ratio of Fe to Mg in the synthesis of MgFe2O4. 

The EDX analysis confirms the absence of any 

impurities, reinforcing the high purity of the 

MgFe2O4 nanoparticles and the reliability of our 

research.  

The band gap energy value can be determined 

using the Kubelka-Munk equation. The data 

entered are the wavelength and the percent 

reflectance value. The amount of band gap energy 

from UV-VIS DRS characterization is plotted on a 

Tauc-plot graph between [F(R)hv]2 and energy 

(eV) (Figure 7). The Figure 7 shows the 

measurement results of the graph connecting the 

horizontal axis (eV) and the vertical axis 

[F(R)hv]2. Figure 7 shows the band gap energy of 

MgFe2O4 nanoparticles produced is 1.94 eV. 

Rathinavel et al. [42] explained that the standard 

band gap energy of MgFe2O4 nanoparticles ranges 

from 1.9 eV to 2.1 eV. The resulting band gap 

energy value is the same as the research of 

Riyanti et al. and Aliyan et al. which is 1.9 eV 

[36,43]. The low band gap energy value allows 

MgFe2O4 nanoparticles to be effective in the 

visible light region [43]. The smaller the band gap 

energy, the greater the range of light that can be 

absorbed and the more effective in exciting 

electrons from the valence band to the conduction 

band, which has an impact on the number of 

radical species that can degrade dyes [21]. 

 

3.3  Photocatalytic Activity of MgFe2O4 

Nanoparticles 

3.3.1  The Effect of pH 

The effect of pH was analyzed under the 

reaction conditions of methylene blue pH = 6 - 13. 

The test results can be seen in (Figure 8). The 

photocatalytic activity of MgFe2O4 in degrading 

methylene blue was found to increase at pH = 6 -

13 (Figure 8a). The optimum condition was 

achieved at solution pH = 12, resulting in a 

degradation efficiency of 94.64% and a 

degradation capacity of 53.88 mg/g (Figure 8b). It 

is crucial to understand that the pH of the solution 

significantly affects the photodegradation process, 

as it directly influences the formation of hydroxyl 

radicals. These radicals, specifically hydroxyl 

radicals (HO•), are essential in the oxidation of 

methylene blue. The more hydroxyl radicals 

formed, the more methylene blue can be degraded. 

In addition, the ability of the photocatalyst to 

degrade dyes depends on the interaction between 

MgFe2O4 and methylene blue. The pH of the 

solution dramatically affects the interaction 

strength of the photocatalyst and the dye. 

Methylene blue as a cationic dye can interact 

Figure 5. Particle size distribution of MgFe2O4 

nanoparticles 

Fr
eq

u
en

cy
 

Figure 6. EDX graph of MgFe2O4 

Table 1. Elemental composition in MgFe2O4 

nanoparticles 

Figure 7. Band gap energy value of MgFe2O4 

nanoparticles 
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through electrostatic interactions with the 

negatively charged catalyst surface [44-47].  

The lowest degradation efficiency was 

achieved at pH = 6 of 9.22%. It is because, at acidic 

pH, the surface of MgFe2O4 is protonated by H+ 

ions so that it tends to be positively charged and 

reduces its adsorption ability to methylene blue 

[48]. Meanwhile, in alkaline conditions ranging at 

pH = 8, 9, 10, 11, 12, and 13, the degradation 

efficiency was obtained at 9.43%, 33.66%, 10.96%, 

55.32%, 94.64%, and 98.93%, respectively. 

Increasing the pH value (alkaline conditions) 

causes the photocatalyst surface to be negatively 

charged due to increased OH- ions in the solution. 

This causes the electrostatic interaction between 

methylene blue, which tends to be positively 

charged, and the photocatalyst surface, which 

tends to be negatively charged, to increase. The 

more MB molecules interact with the 

photocatalyst, the more MB molecules are 

degraded. 

The photocatalytic activity of MgFe2O4 

continues to increase the degradation efficiency in 

the pH range of 11, 12, and 13, namely 55.32%, 

94.64%, and 98.93%, respectively (Figure 8a). A 

key aspect of this process is the role of hydroxyl 

radicals (•OH), active species that play a 

significant role in the degradation of methylene 

blue pollutants. Photolysis tests produced 

degradation efficiencies of 15.7%, 26.6%, and 

73.58% at pH of 11, 12 and 13, respectively 

(Figure 8a). The photolysis test results (Figure 8a) 

show that the optimum conditions are at pH = 12 

with a degradation efficiency of 94.64%. This is 

because during the photolysis test, the 

degradation efficiency obtained was only 26.6%, so 

the increase in degradation efficiency when the 

MgFe2O4 photocatalyst was added was 68.04%. 

While at pH = 13, the increase in degradation 

efficiency is only around 25.35%. Figure 8a also 

shows that methylene blue is degraded by 

MgFe2O4 through a photocatalytic degradation 

mechanism. This can be seen from the test results 

in dark conditions at pH = 11 showing a difference 

where MB was degraded by 55.32% in light 

conditions and 17.22% in dark conditions. 

 

3.3.2  The Effect of Methylene Blue Initial 

Concentration 

This test was conducted to observe the effect 

of the initial methylene blue concentration on the 

photocatalytic activity of MgFe2O4. This test was 

carried out by dispersing 25 mg of MgFe2O4 

nanoparticles into 50 mL of pH = 12. The 

photocatalyst concentration variation test results 

can be seen in (Figure 9). Figure 8 illustrates that 

the photocatalytic activity of MgFe2O4 

nanoparticles in degrading methylene blue 

reached an optimal condition at a methylene blue 

concentration of 60 ppm, with a degradation 

efficiency of 78.09% (Figure 9a) and a degradation 

capacity of 94.28 mg/g (Figure 9b). Notably, the 

efficiency decreased at higher concentrations, a 

significant finding that aligns with the work of 

Nikazar et al. who reported a similar trend [49]. 

The decrease in degradation efficiency occurs 

because the photocatalyst experiences saturation 

due to the high concentration of methylene blue 

that covers the surface of the photocatalyst, thus 

reducing the intensity of light hitting the surface 

of the photocatalyst, which results in the 

inhibition of electron excitation in the process of 

free radical formation. Makofane et al. (2021) 

stated that the inhibition of the electron excitation 

process causes inhibition of the formation of 

hydroxyl radicals (•OH) and superoxide radicals 

(•O2-), which play a role in degrading methylene 

blue [50].  

The highest degradation efficiency was 

obtained at a concentration of 10 ppm at 98.16% 

but had a lower degradation capacity than the 

concentration of 60 ppm, which was 18.52 mg/g 

(Figure 9b). This is because the number of dye 

molecules that react with the active side of the 

catalyst is less, resulting in a smaller degradation 

capacity value despite the high degradation 

Figure 8. Photocatalytic activity of MgFe2O4 with pH variation (a) degradation efficiency; (b) degradation 

capacity at MB concentration 30 mg/L and catalyst dosage of 0.05% 

(a) (b) 



 

 

 

Bulletin of Chemical Reaction Engineering & Catalysis, 19 (4), 2024, 555 

Copyright © 2024, ISSN 1978-2993 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

efficiency. The mechanism of methylene blue 

photodegradation with the help of the MgFe2O4 

catalyst is written in the following Equations 13-

18:  

 

MgFe2O4 + hv → MgFe2O4 (e-) + MgFe2O4 (h+)  (13) 

MgFe2O4 (e-) + O2 → •O2-              (14) 

H2O + •O2- →•OH + OH-              (15) 

MgFe2O4 (h+) + OH- → •OH               (16) 

MgFe2O4 (h+) + H2O → •OH + H+             (17) 

•OH + methylene blue → Degraded product    (18) 

 

The MgFe2O4 photocatalyst, when exposed to 

UV light, excites electrons from the valence band 

to the conduction band, forming excited electron 

pairs (e-) in the conduction band and electron holes 

(h+) in the valence band (Equation 13). The excited 

electrons react with oxygen (O) molecules on the 

photocatalyst surface to form superoxide anion 

radicals (•O2-) (Equation 14). The anion reacts 

with water molecules (H2O) adsorbed on the 

catalyst surface to produce hydroxyl radicals 

(•OH) and hydroxide ions (OH-) (Equation 15). 

hydroxide ions (OH-) react with electron holes (h+) 

to form hydroxyl radicals (•OH) (Equation 16) 

which are potent oxidizing agents. Meanwhile, 

electron holes (holes) react with H2O to produce 

hydroxyl radicals (•OH) and  H+ ions (Equation 

17). It is the hydroxyl radicals (•OH) that play a 

key role in degrading the methylene blue 

compound of the dye, demonstrating the 

effectiveness of the process and producing 

degradation products in the form of CO2, H2O, and 

mineral acids (Equation 18) [15,51]. Abdollahi et 

al. explained that hydroxyl radicals have a high 

level of reactivity in oxidizing dyes. The greater 

the hydroxyl radical content, the greater the 

photodegradation process and the amount of 

degraded dye [52].  

 

3.3.3  The Effect of MgFe2O4 Mass 

Figure 10a shows that the methylene blue 

degradation efficiency increases as the mass of the 

MgFe2O4 catalyst rises from 5 mg to 25 mg. 

Despite the increase in percent degradation, the 

highest degradation capacity was achieved at the 

5 mg photocatalyst mass, which amounted to 

391.98 mg/g (Figure 10b). Therefore, a mass of 5 

mg MgFe2O4 was chosen as the optimum catalyst 

for degrading methylene blue. 

Figure 9. Photocatalytic activity of MgFe2O4 varying methylene blue concentration (a) degradation 

efficiency; (b) degradation capacity at pH = 12 and catalyst dosage of 0.05% 

(a) (b) 

Figure 10. Photocatalytic activity of MgFe2O4 photocatalyst mass variation (a) degradation efficiency; 

(b) degradation capacity at MB concentration 60 mg/L and pH of 12 

(a) (b) 
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Synthesis 

method 
Dye Conditions 

Degradation 

efficiency (%) 
References 

Sol-gel Bromothymol 

Blue (BB) 

Under solar light irradiation, BB 

concentration of 10 mg/L, t = 180 min, pH 

= 3 and  

65 [53] 

Microwave 

solution 

combustion 

(Msc) 

Rb21 Under visible lighting 

(two 9 W LED bulbs), Halonix source 

irradiation, Rb21 concentration of 20 

mg/L, t = 180 min, pH = 7  

93 [54] 

Co-precipitation Carbol fuchsin 

(CF) 

Under UV irradiation, pH = 9, 

CF concentration = 10 mg/L, t = 135 min 

96 [55] 

Co-precipitation Congo red Under   visible light irradiation (150 w 

Xenon lamp), Congo red concentration of 

10 mg/L, pH of 6, H2O2 concentration of 

2.5 mM, and t = 180 min. 

99.62 [27] 

Hydrothermal Methylene blue 

(MB) 

Under   visible light irradiation (250 w 

mercury lamp), MB concentration of 30 

mg/L, pH of 12, and t = 60 min 

94.64 

 

This work 

Increasing the number of photocatalysts 

leads to an increase in the number of active sites 

on the photocatalyst surface. It increases the 

formation of hydroxyl radicals (•OH) that play a 

role in the dye degradation process. In addition, 

the efficiency degradation of MgFe2O4 on different 

types of dyes is listed in Table 2. The MgFe2O4 

produced in this study has an excellent 

degradation activity towards methylene blue dye 

with a less reaction time. 

 

4. Conclusions 

MgFe2O4 nanoparticles synthesized by 

adding 3 mL of pumpkin seed extract have a 

nanoscale crystal size with an average crystal size 

of 3.87 nm, a cubic spinel structure with an 

average particle size of 29 nm and a band gap 

energy value of 1.94 eV. The MgFe2O4 

nanoparticles produced were able to degrade 

methylene blue with the highest degradation 

efficiency of 64.20% and degradation capacity of 

391.98 mg/g at a photocatalyst mass of 5 mg, 50 

mL of methylene blue concentration of 60 ppm, 

and pH = 12 for 60 minutes. 
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