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Abstract: Nanomaterials (NMs) are anticipated to have a significant impact on multiple sectors due to their potential to 

enhance performance, enhance safety, and be synthesized through novel methods. The utilization of Fe3O4 nanoparticles 

(NPs) is advantageous compared to other materials because of the diminutive size and elevated surface area to volume 

ratio of these NPs. The increasing significance of Fe3O4 NPs in environmental applications is attributed to their 

photocatalytic properties. The assessment of the photocatalytic efficacy of Fe3O4 NPs was conducted through the 

observation of various dyes, such as methylene blue (MB), methyl red (MR), and Rhodamine B (RB). Fe3O4 has been 

utilized by multiple researchers for the purpose of degrading diverse dyes. The photocatalytic efficacy of Fe3O4 NPs is 

contingent upon various factors, including their crystalline morphology, particle dimensions, and other pertinent 

parameters. Our research will elucidate the variables that influence the efficiency of Fe3O4 dye degradation. 

 

Keywords: NPs; Fe3O4 NPs, Photocatalytic activities; Dye degradation. 
  
 

1. INTRODUCTION  

Now a days NPs are utilized for several applications [1,2]. 

Photocatalysis is such an application. The process of 

photocatalysis, a type of catalysis, can change the rate of 

a photoreaction, which is a chemical reaction in which 

one or more reacting species absorb light. Catalysts that 

participate in the chemical reaction without being 

consumed by it are added to achieve this [3][4]. The 

process of "photocatalysis" uses light's energy to 

sequentially catalyze several chemical reactions. Every 

time light is absorbed by a substance, an excited electron-

hole pair is produced [5] [6]. Metal oxide NPs (MONs) 

has been used most frequently as a photocatalyst due to 

its stability and low-energy band-gap. Without a shadow 

of a doubt, it has been demonstrated that this state-of-the-

art oxidation technology is capable of destroying aquatic 

microorganisms [7][8]. Due to its great qualities, 

including excellent optical and electrical properties, high 

photocatalytic activity, high chemical stability, low cost, 

non-toxicity, and environmental friendliness, TiO2 is a 

promising material that has gained widespread usage in 

photocatalytic processes. TiO2 has emerged as a 

promising material among the other semiconductors and 

is frequently utilized in photocatalytic procedures [9][10]. 

The use of semiconductors in heterogeneous 

photocatalysis, on the other hand, demonstrates a 

significant amount of promise in terms of the reduction 

of these pollutants [11]. Iron oxide has become a key 

component in the breakdown of a variety of organic 

contaminants and colors due to its suitable band gap, 

widespread visible light harvesting, good stability, and 

recyclable nature. For this reason it is one of the potential 

photocatalysts. In addition, it has been discovered that 

Fe3O4 possesses magnetic properties, and that it is 

possible to recycle and reuse it by the application of an 

external magnetic field. This can, in the end, lead to a 

reduction in the costs associated with recovery treatment. 

Significant restrictions are placed on the use of Fe3O4 in 

the Fenton reaction for the purpose of oxidizing organic 

contaminants that are found in water. These limitations 

include the requirement that H2O2 be used during the 

reaction that was supplied from the outside, as well as the 

requirement that the surrounding environment be acidic 

in order for the Fenton reaction to produce free radicals. 

Fe3O4 provides an extra advantage due to the presence of 

the ions Fe2+ and Fe3+ inside its structure. These ions 

contribute to the continued progression of the Fenton 

reaction. As a consequence of this, a large number of 

researchers have found success in employing Fe3O4 as a 

co-catalyst within the photocatalytic system [12]. During 

the course of this study, data was gathered on a variety of 

magnetite NPs, with a particular focus on the size of these 

NPs as well as their effect on the deterioration of a variety 

of colors. A tabular record was made on the basis of the 

data that was obtained in order to demonstrate the time 

period required for the degradation of colors brought 

about by the magnetite NPs. We conducted statistical 

research to determine which magnetite NPs are most 

effective at degrading different colors, and based on our 

findings, we have concluded that smaller magnetite NPs 

are more successful. We were able to get a good 

approximation of the correlation coefficient between the 

dye and the effectiveness of magnetite NPs in the process 

of dye degradation by making use of statistical analysis. 

This allowed us to determine whether or not the dye was 

able to be degraded. The primary focus of this 

investigation pertains to the efficacy of Fe3O4 NPs in the 

realm of photocatalysis.  

 

2. PHOTOCATALYTIC EFFECT OF Fe BASED 

NPs 

Fe3O4 NPs are promising for RB degradation (see Fig. 1). 

These NPs have been examined against RB dye. 12.47 

nm was the size of the particle.  After 60 minutes, the 

degrading efficiency was 99.5% [13]. The RB dye was 

examined against Fe3O4@SiO2@TiO2. The particle has 

an 80 nm diameter. After 120 minutes, efficiency was 

86.64% [14].The Fe3O4@SiO2@TiO2 NPs was applied 

to the RB dye. The measured particle size was 30 

nanometers. After forty minutes, the rate of decay was 
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64% [15]. The composite Fe3O4-TiO2:Eu has been 

examined against RB dye. Each particle measured 10.35 

nm. The degradation rate was 85% after 180 minutes [16]. 

Once again, the RB dye was put through testing using 

Fe3O4.The average size of the particles was measured to 

be 9.4 nm. After an interval of 120 minutes, the level of 

efficiency had dropped to 56% [17]. In a different set of 

experiments, the RB dye was investigated with the help 

of Fe3O4-S. The particles were found to have a size of 7 

nanometers when measured. After 120 minutes the 

degradation rate was 85.6% [17]. 

 

 
Fig. 1. RB degradation by Fe based NPs. 

 

Testing of Fe3O4@ZnO NPs against RB dye has been 

done. The particle size was 60 nm. After 60 minutes, the 

degradation efficiency was 99.3% [18]. The 

Fe3O4@CHC material has been utilized in a study to 

assess its efficacy against RB dye. The size of the particle 

measured 3.054 nanometers. After a duration of 180 

minutes, the efficiency of degradation was found to be 

98.3% [19]. A comparative analysis has been conducted 

between the Fe3O4@CH composite and RB dye. The 

particle's dimensions were quantified to be 6.019 

nanometers in magnitude. After a time period of 180 

minutes, the degradation efficacy was observed to be 

92.9% [19]. Fe3O4 has been utilized to test  to RB dye. 

The sample contained particles with a size of 10.42 

nanometers. After a duration of 180 minutes, the 

degradation efficiency was recorded to be 71.8% [19]. 

The efficacy of Fe3O4@SnO2/SO4
2- was evaluated in 

relation to its ability to degrade RB dye. The size of the 

particles was observed to fall within the range of 40 to 45 

nanometers. Following a 240-minute period, the 

degradation efficiency was determined to be 73% [20]. 

The compound Co0.6Mg0.4Fe2O4 has been employed as a 

counteragent to RB dye. The measured particle size was 

39 nanometers. Following a duration of 180 minutes, the 

degradation efficacy was determined to be 99.5 percent  

[21]. The utilization of CoFe2O4 has been employed for 

the purpose of evaluating RB dye. The dimensions of the 

particles measured 46 nanometers. Following a duration 

of 180 minutes, a proportion of 73% of the damage had 

been incurred [21]. ZnxFe3-x was employed for the 

treatment of RB dye. The particles exhibited a size 

distribution within the range of 10 to 12 nanometers. 

Following a duration of 300 minutes, the efficiency of 

degradation was recorded at 97.31 percent [22]. A study 

was conducted on the impact of Fe2TiO5 on RB dye. The 

dimensions of the particles were measured to be 20 

nanometers. Following a duration of 240 minutes, the 

degradation process exhibited a level of efficiency 

amounting to 96% [23]. RB dye and GO-Fe2O3 were 

subjected to experimental evaluation. The particle size 

was 20 nm. The degradation efficiency was observed to 

be 90.9% following an 80-minute duration [24]. The 

utilization of Fe3O4@TA/Ag composite has been 

observed in the context of RB dye. The size distribution 

of the nanoparticle was observed to fall within the range 

of 10-15 nanometers. Following a period of 60 seconds, 

the degradation efficiency was noted to be 99% [25]. The 

composite of CoFe2O4@5ZnO has been subjected to 

experimentation using MB dye. The particle's 

dimensions were determined to be 14.9 nanometers 

through measurement. Following duration of 180 

minutes, it was observed that the degradation rate 

amounted to 78.3%.  The utilization of CoFe2O4@4ZnO 

composite material has been implemented as a strategy 

for alleviating the impact of MB dye. The particle 

dimensions were determined to be 18.1 nanometers 
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through measurement. After a time period of 180 minutes, 

the rate of decomposition was observed to be 65.5%. The 

efficacy of MB dye has been evaluated in conjunction 

with CoFe2O4@3ZnO.The dimensions of the particles 

were measured to be 19 nanometers. Following a 

duration of 180 minutes, the rate of degradation 

amounted to 60.5% [26]. The efficacy of Fe3O4/acid 

chloride/titanium dioxide has been evaluated in the 

context of its application towards the removal of MB dye. 

The size of the particles was determined to be 18.3 nm. 

Following a duration of 60 minutes, the degradation 

efficacy exhibited a rate of 98 percent[27]. A study was 

conducted on the impact of Fe2O3/TiO2 on the 

degradation of MB dye. The size of the particles was 

measured to be 7 nanometers. Following a duration of 

sixty minutes, the level of deterioration had attained a 

magnitude of 30 percent [28]. The Fe3O4/TiO2/CuO 

composite has been utilized in the degradation of MB dye. 

The size of the particle was measured to be 8 nanometers. 

After a duration of 22 minutes, the efficiency of 

degradation was observed to be 99.78% [29]. The 

efficacy of the MB dye has been evaluated through 

experimentation involving BiVO4/Fe3O4/C60. The 

particle size was 14.89 nm. Following a duration of 300 

minutes, the deterioration efficiency was observed to be 

64% [30]. The effectiveness of the Fe3O4@TiO2/Ag, Cu 

composite in mitigating the impact of MB dye has been 

investigated. The particle's dimensions fell within the 

range of 40-50 nanometers. Following a time period of 

90 minutes, the degradation efficiency was determined to 

be 86.19% [31]. An experiment was conducted utilizing 

Fe3O4@TA/Ag to assess the efficacy of MB dye. The 

study employed a particle size range of 10-15 nm. After 

a duration of 0.67 minutes, a significant proportion of 

99% of the degradation process was deemed to be 

effective [25]. The efficacy of SnO2@Fe3O4 

nanocomposite in mitigating the impact of MB dye has 

been exhibited. The size of the particles varied between 

25 and 35 nanometers. Following duration of 120 

minutes, the degradation efficiency was recorded at 88.3 

percent [32]. The efficacy of Fe3O4 NPs has been 

evaluated in relation to their ability to mitigate the effects 

of MB dye. The measured particle size was 30 

nanometers. After duration of 180 minutes, 60% of the 

degradation efficiency was observed [33]. The utilization 

of MB dye has been employed in the examination of MB 

dye. Each particle exhibited a size of 40 nanometers. 

Following a duration of 240 minutes, the rate of 

degradation amounted to 86.58% [34]. The MB dye 

underwent treatment utilizing EDTA@Fe3O4/SC. 

Particles ranging from 10 to 20 nanometers in size were 

observed. Following a duration of 90 minutes, the 

efficiency of degradation had attained a level of 99.5% 

[35]. The present study employed MgAC-Fe3O4/TiO2 as 

the test material to evaluate its efficacy against MB dye. 

The dimensions of the particles were ascertained to be 

32.82 nanometers. Following a duration of twenty 

minutes, the degradation process exhibited a level of 

efficiency amounting to 93% [36]. The efficacy of Fe3O4 

has been evaluated in relation to its interaction with MB 

dye. The particle size was 7.8 nm. The degradation 

efficiency reached 89% within duration of 140 minutes. 

The efficacy of Fe3O4@TiO2 composite against MB dye 

has been investigated through experimentation. The 

particle's dimensions were determined to be 73 

nanometers. After a time period of 140 minutes, the 

effectiveness of degradation observed was 56% [37]. 

Experiments have been carried out utilizing (Cu/Ni)-Al 

layered double hydroxides@Fe3O4 for the purpose of 

conducting anti-MB dye studies. The particles exhibited 

a size distribution within the range of 4 to 10 nanometers. 

Following duration of 90 minutes, the rate of degradation 

exhibited an optimal level of 100% [38]. The 

effectiveness of Fe3O4 NPs has been assessed in the 

context of ameliorating the impact of MB dye. The 

dimensions of the particle were determined to be 20.7 

nanometers. Following a time span of 180 minutes, the 

degradation efficiency was determined to be 71% [39]. 

Fe3O4 NPs were utilized in experiments conducted with 

MB dye. The particles measured 30 nanometers in size. 

After duration of 120 minutes, the degradation efficiency 

was recorded to be 71.36% [40]. The efficacy of the 

Ag3PO4/Fe3O4/C60 composite was evaluated in the 

context of its application towards the degradation of MB 

dye. The size of the particle was measured to be 31.75 

nanometers. Following duration of 300 minutes, the rate 

of deterioration had achieved a level of 95% efficiency 

[40]. Moreover, Fe3O4 NPs showed 100% efficiency with 

respect to MR after 360 min [41]. Fe3O4@SiO2@NH2 

demonstrate degradation efficiency of 84.9% after 120 

with MR [42]. Fe3O4-Fe2O2@SiO2 composite showed an 

efficiency of 98% after 180 min with same dye (see Fig. 

2) [43].  

 

 
Fig. 2. MR degradation by Fe based NPs. 

 

3. METHODOLOGY 

We have 40 data of Fe3O4 NPs for data analysis. There 3 

variables of the data such as, Size, Efficiency, Dye name 

and Duration of work of Fe3O4 NPs. There, we perform 

descriptive analysis and correlation to make our result 

more precise and to find factor affecting the efficiency of 

NPs. We use SPSS-version 25 for the data analysis. We 

make the variables categorical for convenience of the 

data analysis. We make the variables categorical for 

convenience of the data analysis. 

 

Table 1: Table of categorical variables introduction 

Name of 

Variables  
Category Description 

NPs 

Efficiency  

Most 

Efficient 
Equal & above 80% 
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Efficient Below 80% 

NPs Size  

1 is (<30) 
Size is less than 30 

nm  

2 is (>=30) 
Size is equal and 

above 30 

Name of 

Dye 

1 RB   

2 MB  

3 Methyl Red 

 

4. TABLE OF THE COLLECTED DATA 

 

Table 2: Fe3O4 NPs with different dye 

NP name 

Size 

(nm) Dye 

Efficiency 

(%) 

Time 

(min) Ref. 

Fe3O4  12.47  RB  99.50 60 [13] 

Fe3O4@SiO2

@TiO2 80  RB  86.64 120 [14] 

Fe3O4@SiO2 

@TiO2 30 RB  64 40  [15] 

Fe3O4-

TiO2:Eu  10.35  RB  85 180 [16] 

Fe3O4 9.4  RB  56 120 [17] 

Fe3O4-S 7 RB  85.60 120 [17] 

Fe3O4@ZnO  60  RB  99.30 60 [18] 

Fe3O4@CHC 3.054  RB  98.30 180 [19] 

Fe3O4@CH 6.019  RB  92.90 180 [19] 

Fe3O4 10.42  RB  71.80 180 [19] 

Fe3O4@SnO2 

/SO4
2- 40-45  RB  73 240 [20] 

Co0.6Mg0.4Fe2

O4 39  RB  99.50 180 [21] 

CoFe2O4 46  RB  73.00 180 [21] 

ZnxFe3-xO4 10-12  RB  97.31 300  [22] 

Fe2TiO5 20  RB  96 240 [23] 

GO-Fe2O3 20  RB  90.90 80  [24] 

Fe3O4@TA/A

g 10-15  RB  99 60 [25] 

CoFe2O4@5Z

nO 14.9  MB  78.30 180 [26] 

CoFe2O4@4Z

nO 18.1  MB  65.50 180 [26] 

CoFe2O4@3Z

nO 19  MB  60.50 180 [26] 

Fe3O4/AC/Ti

O2 18.3  MB  98 60 [27] 

Fe2O3/TiO2 7  MB  30 60 [28] 

Fe3O4/TiO2/C

uO 8  MB  99.78 22  [29] 

BiVO4/Fe3O4/

C60 14.89  MB  64 300  [30] 

Fe3O4@TiO2/

Ag,Cu 40-50  MB  86.19 90  [31] 

Fe3O4@TA/A

g 10-15  MB  99 40 [25] 

SnO2@Fe3O4  25-35  MB  88.30 120  [32] 

Fe3O4 NPs 30  MB  60 180  [33] 

Ce/MTiO2/Fe3

O4 40  MB  86.58 240 [34] 

EDTA@Fe3O

4/SC 10-20  MB  99.50 90  [35] 

MgAC-

Fe3O4/TiO2 32.82  MB  93 20  [36] 

Fe3O4 7.8  MB  89 140  [37] 

Fe3O4@TiO2 73  MB  56 140 [37] 

(Cu/Ni)–Al 

hydroxides@

Fe3O4 4-10  MB  100 90 [38] 

Fe3O4 NPs 20.7  MB  71 180 [39] 

Fe3O4 NPs 30  MB  71.36 120 [40] 

Ag3PO4/Fe3O4

/C60 31.75  MB  95 300 [40] 

Fe3O4 10 MR 100 360 [41] 

Fe3O4@SiO2

@NH2 13  MR 84.9  120  [42] 

Fe3O4-

Fe2O2@SiO2 10–12  MR 98 180 [43] 

 

5. Result and Discussion 

Our descriptive analysis result is as follows, 

 

Table 3: Frequency Distribution of TiO2 NPs  

Variable

s 

Category Frequency Percentag

es 

Size Below 30 

Equal & above 

30 

27 

13 

67.5 

32.5 

Dye 

Name 

RB  

MB  

Methyl Red 

17 

20 

20 

42.5 

50 

7.5 

Efficien

cy 

Most Efficient 

Efficient 

14 

26 

35 

65 

 

Table 3 presents the frequency distribution of Fe3O4 NPs. 

The data exhibits a distinct demarcation, with 67.5% of 

the observations falling below the 30 nm threshold and 

the remaining observations distributed equally or above 

this threshold. The data indicates that the dye degradation 

activities for RB , MB , and methyl red dye are 42.5%, 

50%, and 7.5%, respectively. The Fe3O4 NPs exhibit an 

efficiency of 35% in terms of degradation, while the 

remaining 65% of the NPs demonstrate efficacy in dye 

degradation. 
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Fig. 3. (a) Size vs Efficiency Bar Chart (b) Dye vs Efficiency Bar Chart 

 

The data indicates that 47.5% of NPs with the highest 

level of efficiency possess sizes that fall below 30, while 

17.5% exhibit sizes that are equal to or greater than 30. 

In contrast, it can be observed that 20% of Fe3O4 NPs 

exhibit high efficiency with sizes below 30, while 15% 

of the NPs demonstrate sizes equal to or exceeding 30 

(see Fig. 3(a)). 

 

According to the data presented in Figure 3(b), it can be 

observed that 30% of the Fe3O4 NPs with the highest 

level of efficiency exhibit degradation of RB dye, thereby 

demonstrating their efficacy. Conversely, 12.5% of the 

efficient NPs demonstrate their effectiveness by means 

of RB  dye degradation. The percentages of highly 

efficient NPs and NPs that exhibit efficiency in the 

degradation of MB dye are 27.5% and 22.5%, 

respectively. According to our data, the proportion of 

highly effective NPs and the frequency of effective NPs 

in the process of methyl red degradation are 7.5% and 0%, 

respectively (see Fig. 3(b)). 

 

Now the result of the bivariate correlation is as follows: 

 

Table 4: Bivariate Correlation Result 

  Sizes of 

NPs 

Dye 

Name 

Efficien

cy 

Size of NPs Pearson 

Correlation 

1 -.126 -.126 

Dye Name Pearson 

Correlation 

-.126 1 0.009 

Efficiency Pearson 

Correlation 

-.126 .009 1 

 

Table 4 displays the correlation between efficiency and 

the two additional variables, namely size and dye name. 

The data indicates that there exists a negative correlation 

of -0.126 between the variables of size and efficiency. 

This implies the presence of a negative correlation 

between size and efficiency over a period of one week. 

This implies that an increase in size will result in a 

reduction in the efficacy of photocatalysis. A decrease in 

size is expected to result in an increase in efficiency. 

Furthermore, it is observed that the correlation 

coefficient between dye and efficiency is 0.009. This 

implies a tenuous correlation between dye and efficacy. 

The findings suggest that the degradation of various dyes 

remains consistent for Fe3O4 NPs. 

 

6. CONCLUSION 

The conclusion section presents a comprehensive 

portrayal of Fe3O4 NPs through a descriptive analysis. 

The degradation of dye by NPs was observed in relation 

to both the size of the NPs and the type of dye utilized. A 

correlation analysis revealed a negative and statistically 

significant association between size and efficiency. This 

study found inverse relationship between the rate of dye 

degradation and the size of NPs. Furthermore, a tenuous 

correlation was observed between the dye and the 

efficacy of Fe3O4 NPs. It can be inferred that an inverse 

relationship exists between the size and efficiency of 

photocatalysis, whereby an increase in size results in a 

decrease in efficiency. A decrease in size is expected to 

result in an increase in efficiency. So, we can say that the 

efficacy of dye degradation with photocatalysis depends 

on the particle size. 
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