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Abstract

Given the extensive use of synthetic dyes like methylene blue in industries such as textiles, plastics, and
paper manufacturing, their environmental impact upon discharge into wastewater systems is a critical
concern. These dyes are highly resistant to degradation, posing significant challenges for conventional
wastewater treatment methods. As a result, innovative approaches are needed to address the persistent
pollution caused by these dyes.

This paper investigates the effect of UV light intensity on the degradation of methylene blue dye using
magnetite iron oxide (FeszO4) nanoparticles. UV light was specifically chosen for this investigation due to
its ability to activate nanoparticles and promote the generation of reactive species, which enhance the
degradation process. Fe3O4 nanoparticles are explored for their efficiency as adsorbents to mitigate this
impact. The experiment involved varying the distance of a UV light source (15, 20, 25, and 30 cm) from
methylene blue dye solutions to assess how light intensity influences the degradation rate of the dye by
Fe3O4 nanoparticles. Spectrophotometric measurements at 665 nm were used to monitor changes in dye
concentration over 80 minutes.

Keywords: Methylene blue, Fe304 nanoparticles, UV light intensity, dye degradation, wastewater
treatment, reactive oxygen species, adsorption, photocatalysis, environmental remediation,
spectrophotometry.

Introduction

Synthetic dye pollution has become a critical environmental issue, with significant implications for both
wildlife and human health. Annually, around 1 million tons of synthetic dyes are produced
worldwide,(Tkaczyk et al.) with approximately 10-15% of these dyes discharged into the environment
during manufacturing and application processes (Al-Tohamy et al.). Synthetic dyes contribute to 17-20%
of industrial wastewater,(Sarkar et al.) and studies indicate that 70-80% of the synthetic dyes used in
textiles are carcinogenic, mutagenic, or teratogenic (Islam et al.). These statistics highlight the urgency of
developing effective dye removal methods to mitigate these environmental impacts.

One promising approach for dye removal is adsorption using nanoparticles. Fe3Os nanoparticles, in
particular, have shown considerable potential due to their large surface area, superparamagnetic properties,
and ability to adsorb various contaminants. These nanoparticles can be easily separated from aqueous
solutions using a magnetic field, making them highly practical for wastewater treatment applications.
Additionally, Fe304 nanoparticles can be used in magnetic resonance imaging, drug delivery systems, as
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sorbents for heavy metals, as antibacterial agents, catalysts, electrochemical biosensors, shielding
materials in electromagnetic interference, and for energy harvesting.

This research investigates how the intensity of light, altered by the distance (15, 20, 25, 30 cm) of a UV
light lamp from the dye solution, affects the rate of degradation of methylene blue dye by Fe3O4
nanoparticles over 80 minutes. The intensity of UV light plays a crucial role in the activation of FezO4
nanoparticles.(Ruiz-Baltazar et al.) Under UV light irradiation, the energy absorbed by the nanoparticles
can generate reactive species such as hydroxyl radicals, which significantly enhance the degradation
process of dyes like methylene blue (Abdel et al.). This study focuses on quantifying the impact of
different light intensities on the adsorption and degradation efficiency of FezO4 nanoparticles.
Spectrophotometric measurements at 665 nm, the lambda max for methylene blue,(Lipatova et al.) were
employed to monitor changes in dye concentration. This wavelength corresponds to the maximum
absorbance of methylene blue, allowing for accurate tracking of the degradation process. This approach
enabled a detailed assessment of the degradation kinetics of methylene blue dye under varying UV light
intensities, providing insights into the efficiency of FesO4 nanoparticles as adsorbents for dye removal in
wastewater treatment.

1) Methylene blue dye (C16H13CIN3S)

Methylene blue is a synthetic dye extensively used in various industries, including textiles, plastics, and
paper manufacturing, for its distinctive blue colour. (Oladoye et al.) Its chemical structure comprises a
phenothiazine core with a central nitrogen atom, making it a thiazine dye. (Wainwright and Crossley).
Due to its stable molecular configuration, methylene blue is highly resistant to degradation, posing
environmental challenges when released into industrial wastewater. (Hamad and Idrus)Consequently,
effective treatment methods are imperative to mitigate its environmental impact before discharge.
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Chemical structure of methylene blue

2) Magnetite iron- oxide nanoparticles (Fe3Oa4)

Magnetite iron-oxide nanoparticles (FesOs4) are a type of magnetic nanoparticle extensively used in
environmental remediation for their ability to catalyse the degradation of pollutants (M. Liu et al.). These
nanoparticles serve as efficient photocatalysts for the degradation of methylene blue, a common synthetic
dye found in industrial wastewater (Dwivedi et al.). The Fe3Os nanoparticles, with their cubic inverse
spinel structure, exhibit superparamagnetic properties, which allow them to be easily manipulated and
recovered using external magnetic fields(Nguyen et al.). When exposed to UV light, these nanoparticles
generate reactive oxygen species (ROS) that break down methylene blue molecules, reducing their
environmental impact (Bashir et al.). Precise control over experimental conditions is needed to achieve
maximum efficiency in pollutant removal.
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Methodology

Independent Variable

Dependent Variable

The UV lamp was positioned at different
distances (15 cm, 20 cm, 25 cm, 30 cm) from
the round-bottom flask containing the
methylene blue dye solution. These varying
distances allow us to assess adsorption at

The variation in absorbance at 665 nm of the
methylene blue solution, measured using a
spectrophotometer, indicates the extent of
degradation of the dye by Fe304 nanoparticles
over a period of 80 minutes.

different light intensities.

Materials required

The experimental setup included a bar magnet, a Vayinato 50 watt UV lamp, and a round-bottom flask.
The chemical reagents involved were FeCl», FeCls, NHsOH, and methylene blue dye. Spectrophotometric
measurements were taken using a Spectrophotometer.

Procedure

Fe304 nanoparticles were synthesised using the co-precipitation by adding 100 mmol of FeCls and 50
mmol of FeCl, to 200 cm? of distilled water in a round-bottom flask, stirring at 300 rpm for 50 minutes at
75°C. Chilled NH4OH was added, then stirred at 500 rpm for 90 minutes. The nanoparticles were collected
with a magnet, and dried for two days. A 10 ppm methylene blue solution was prepared by diluting 10 mg
of methylene blue in 100 cm3 of distilled water to 100 ppm, then further diluting it tenfold. This solution
was divided into five flasks (20 cm3 each), and initial absorbance at 665 nm was measured. After returning
the solutions to the flasks, 0.05 grams of FesO4 nanoparticles were added and stirred gently. A Vayinato
50 watt UV lamp was used for all samples to ensure consistent light intensity. Absorbance readings at 665
nm were taken at 20, 40, 60, and 80 minutes with the UV lamp placed at 15, 20, 25, and 30 cm distances.
There was also a control group which had no UV lamp, in order to keep the nanoparticles unactivated.
Magnetite iron oxide nanoparticles (FesOa) possess several advantageous properties that make them highly
effective for adsorption applications in environmental remediation. Their large surface area provides
active sites for the adsorption of pollutants, ensuring a higher rate of interaction with contaminants like
methylene blue (X. Liu et al.). Additionally, the small volume of these nanoparticles allows them to be
easily dispersed in aqueous solutions, maximising their contact with the dye molecules(Singh et al.). Fe3s04
nanoparticles also exhibit superparamagnetic properties, which enable their easy separation from solutions
using an external magnetic field(Nguyen et al.).

This approach was chosen because co-precipitation is a straightforward and efficient method for
synthesising Fe3O4 nanoparticles, ensuring high purity and uniform size distribution, which are crucial for
consistent experimental results.(Besenhard et al.) The use of UV light to activate the nanoparticles was
selected due to its effectiveness in generating reactive oxygen species that enhance the degradation of
methylene blue. (Bashir et al.)

By varying the distance of the UV lamp, we could systematically study the effect of light intensity on the
degradation process, providing detailed insights into the efficiency of FezO4 nanoparticles under different
conditions. Spectrophotometric measurements at 665 nm allowed precise monitoring of the methylene
blue concentration, ensuring accurate assessment of the degradation Kinetics.
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During the synthesis and experimental procedures involving FesO4 nanoparticles and methylene blue
degradation, several safety precautions were strictly adhered to ensure safety. Personal protective
equipment, including lab coats, goggles, and nitrile gloves, were worn at all times to prevent direct contact
with chemicals. The synthesis of nanoparticles and handling of chemicals were conducted in a well-
ventilated room to avoid inhalation of any harmful fumes. The NH4OH, being a strong base, was handled
with extra care, and all spills were neutralised immediately using appropriate neutralising agents. The UV
lamp, which was used to activate the nanoparticles, posed a risk of UV exposure; therefore, the lamp was
operated with a UV-shield, and direct eye or skin exposure was avoided. Additionally, proper magnetic
handling techniques were employed to safely collect the nanoparticles, and all waste materials, including
methylene blue solutions, were disposed of according to hazardous waste disposal regulations. These
measures ensure a safe working environment and minimise any potential health risks.

Ethical considerations were also taken into account throughout the study. The use of methylene blue, a
potentially harmful dye, was kept to a minimum necessary for experimental accuracy, and efforts were
made to ensure that any release into the environment was avoided. Additionally, the data was accurately
recorded and reported, and that all findings were presented honestly and transparently._.

Drying of nano-particles after synthesis

INITIAL COLOUR e

Colour change observed after 80 minutes

Raw data
Absorbance (absorbance unit) when UV lamp is at a distance of 15 cm

Trial / time | 1 2 3 4 5

0 1.483 1512|1473 (1.534 | 1.509
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20 1.1891.232 | 1.343 1.187| 1.310
40 1.156 | 1.184 | 1.192 | 1.021 | 1.102
60 1.112 1 1.099 | 1.104 | 0.985 | 1.897
80 1.087 | 1.046 | 1.001 | 0.650 | 0.903

Absorbance (absorbance unit) when UV lamp is at a distance of 20 cm

Trial /time |1 2 3 4 5

0 1.479 1.513 1.545 1.497 1.478
20 1.326 1.297 1.391 1.296 1.394
40 1.282 1.199 1.272 1.163 1.211
60 1.204 1.177 1.198 1.112 1.175
80 1.194 1.197 1.191 1.129 1.107

Absorbance (absorbance unit, + 0.

001 au) when UV lamp is at a distance of 25 cm

Trial /time |1 2 3 4 5

0 1.538 1.483 1.523 1.489 1.537

20 1.315 1.312 1.336 1.311 1.289

40 1.211 1.205 1.214 1.208 1.266

60 1.213 1.227 1.189 1.164 1.192

80 1.206 1.184 1.171 1.177 1.135
Absorbance (absorbance unit) when UV lamp is at a distance of 30 cm

Trial /time |1 2 3 4 5

0 1.532 1.605 1.479 1.536 1.521

20 1.344 1.291 1.312 1.429 1.347

40 1.281 1.217 1.171 1.394 1.218

60 1.197 1.199 1.273 1.293 1.206

80 1.176 1.205 1.198 1.207 1.192
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Absorbance (absorbance unit) when no UV lamp is employed
Trial /time |1 2 3 4 5
0 1.527 1.584 1.606 1.583 1.492
20 1.465 1.493 1.519 1.505 1.434
40 1.402 1.491 1.481 1.493 1.388
60 1.391 1.439 1.427 1.438 1.395
80 1.389 1.394 1.402 1.446 1.363

Calculation of average absorbance and concentration

The average absorbance at different time intervals was determined by calculating the mean absorbance
value from the five trials conducted at each interval. This was done by summing all absorbance values at
a specific time point and dividing by five. To calculate the concentration of methylene blue at different
time intervals, the Beer-Lambert law(Swinehart) was applied. According to this law, , Where
A is the average absorbance, € is the molar absorption coefficient (Mcm™ from methylene blue), ¢ is the
molar concentration, and | is the path length of light. There is a linear decline in the concentration of
methylene blue dye under UV light. To find the rate of degradation, the gradient of the best-fit line is

determined.

Average of absorbance readings

Distance of | Absence of | 15 20 25 30
lamp/ lamp
Time
0 1.5584 1.5022 1.5024 1.514 1.5346
20 1.4832 1.2522 1.3408 1.3126 1.3446
40 1.451 1.131 1.2254 1.2208 1.2562
60 1.418 1.2394 1.1732 1.197 1.2336
80 1.3988 0.9374 1.1636 1.1746 1.1956
Average of Concentration (umol/dm?) readings
Distance of lamp | Absence of lamp | 15 20 25 30
/
Time
0 2.322503726 2.238748137|2.2390462 |2.25633383 [2.287034277
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20 2.210432191 1.866169896|1.998211624|1.956184799(2.003874814
40 2.162444113 1.685543964(1.826229508|1.819374069|1.872131148
60 2.113263785 1.84709389 |1.748435171|1.78390462 |1.838450075
80 2.084649776 1.397019374(1.734128167|1.75052161 |1.781818182
Trend of degradation
25 == Absence of lamp
-0.0427*x + 2.21
20 e — - 15
S — NS
. e ———— -0.125" + 1.89
E 15 \ 20
:g -0.087"x + 1.96
g 10 - 25
?
e -0.0652"x + 1.93
05 == 30
-0.07"x + 1.98
0.0
20 40 60 80
Time(min)

Trend of degradation

Distance from light source Trend of degradation
Absence of lamp -0.0573
15¢cm -0.17
20cm -0.126
25cm -0.118
30 cm -0.118
Discussion

The spectrophotometric measurements revealed a notable decrease in absorbance at 665 nm, which
corresponds to the reduction in methylene blue concentration. The data indicated that the closer the UV
light source was to the solution, the greater the degradation of methylene blue. Specifically, the
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degradation rates were calculated to be -0.17, -0.126, -0.118, and -0.118 mol/dm3/min at distances of 15
cm, 20 cm, 25 cm, and 30 cm from the UV light source, respectively. In comparison, the degradation rate
was -0.0573 mol/dm3/min in the absence of UV light.

To determine the rate of degradation, the average absorbance values at different time intervals were
plotted, and the gradients of the best-fit lines were calculated. The data showed a clear trend of decreasing
absorbance over time, with the steepest decline observed at the shortest distance of 15 cm. This indicates
that the intensity of UV light plays a crucial role in the activation of FezO4 nanoparticles and the subsequent
generation of reactive oxygen species, which are responsible for breaking down methylene blue molecules.
In the control group, where no UV light was used, the methylene blue concentration remained relatively
high, highlighting the necessity of UV light for activating the FesO4 nanoparticles. The variation in
degradation rates at different light intensities aligns with previous studies that show a direct correlation
between UV light intensity and dye adsorption efficiency. As the degradation rate was markedly
influenced by the light intensity, which affected the nanoparticles' activation energy.

Despite efforts to control experimental conditions, several limitations persisted. Systematic errors, such
as scratches on the cuvettes and interference from nanoparticles during light absorption measurements,
were unavoidable. Additionally, anomalies in spectrophotometer readings, such as occasional increases in
absorbance, likely resulted from these systematic errors. Moreover, the experiment was constrained by the
availability of equipment and resources. In future studies. expanding the range of light intensities and
incorporating advanced analytical techniques could provide a more comprehensive understanding of the
process.

This study underscores the potential of Fe3O4 nanoparticles as effective adsorbents for dye removal under
UV light, offering a promising approach for addressing synthetic dye pollution in wastewater treatment.
Continued research and optimization are necessary to fully realise the potential of Fe304 nanoparticles in
environmental applications.

Further Scope

This research has identified several potential approaches. For instance, utilising natural sunlight as a UV
light source instead of a UV lamp. This would allow for the examination of the degradation process under
more environmentally relevant conditions and assess the practical feasibility of this method in real-world
scenarios. Additionally, employing turbidity tests instead of spectrophotometric measurements could offer
a more straightforward and cost-effective means of monitoring water clarity and the degradation of
methylene blue. This approach could simplify the procedure while still providing valuable data on the
effectiveness of FesOs nanoparticles. Exploring the use of different nanoparticles, such as titanium
dioxide (TiO2) or zinc oxide (ZnO), could provide comparative insights into the efficiency of various
photocatalysts in dye degradation. By considering these alternative approaches, the scope of this research
can be significantly broadened, potentially leading to more efficient and practical solutions.

Conclusion

This investigation sought to determine the effect of UV light intensity on the degradation rate of methylene
blue dye using FesO4 nanoparticles. The degradation increased with higher light intensity. This finding
emphasises the critical role that light intensity plays in the efficiency of the degradation process.

The enhanced degradation rate under higher light intensities can be attributed to the increased energy
available for the activation of FesO4 nanoparticles, leading to more effective generation of reactive oxygen
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species that break down the dye molecules. This relationship highlights the importance of optimising UV
light conditions to maximise the performance of FesO4 nanoparticles in wastewater treatment.

While the study demonstrates the potential of FesO4 nanoparticles as effective adsorbents for dye removal
under UV light, it also underscores the necessity of optimising light intensity for efficient wastewater
treatment. Given the significant environmental hazards posed by synthetic dyes, which account for 17-
20% of industrial wastewater and are often carcinogenic, mutagenic, or teratogenic, the findings of this
study offer valuable insights into developing more effective dye removal strategies. Future research should
consider extended exposure times, varying nanoparticle concentrations, and advanced analytical
techniques to gain a deeper understanding of the degradation kinetics and mechanisms.

Additionally, an expanded range of light intensities and different dye types should be investigated to
comprehensively evaluate the applicability of Fe3O4 nanoparticles in real-world wastewater treatment
scenarios. These improvements will help establish a more robust understanding of the interaction between
nanoparticles and synthetic dyes, ultimately contributing to the development of effective solutions for
mitigating synthetic dye pollution and its environmental impact.

In conclusion, the rate of degradation of methylene blue by Fe3O4 is notably enhanced under higher light
intensities. This study provides a promising approach for addressing synthetic dye pollution in wastewater
treatment, highlighting the need for continued research and optimization to fully realise the potential of
Fe3O4 nanoparticles in environmental applications.

Bibliography

1. Abdel, F, Mohamed H Ahmed, Ayman Soltan, and Samy S Anis. 2019. “Synthesis and
Characterization of Novel Ag/ZnO Nanoparticles for Photocatalytic Degradation of Methylene Blue
under UV and Solar Irradiation.” Journal of Physics and Chemistry of Solids135 (0022-3697):
109086-86. https://doi.org/10.1016/j.jpcs.2019.109086.

2. Abuzeyad, Osama H, Ahmed M EI-Khawaga, Hesham Tantawy, Mohamed Gobara, and Mohamed A
Elsayed. 2024. “Photocatalytic Degradation of Methylene Blue Dye by Promising Zinc Copper Ferrite
Nanoparticles for Wastewater Treatment.” Journal of Inorganic and Organometallic Polymers and
Materials https://doi.org/10.1007/s10904-024-03006-6 (February). https://doi.org/10.1007/s10904-
024-03006-6.

3. Ajibola Ogundare, Segun , and Titilayo Oyeronke Adesetan. 2023. “Catalytic Degradation of
Methylene Blue Dye and Antibacterial Activity of Biosynthesized Silver Nanoparticles Using
Peltophorum Pterocarpum (DC.) Leaves.” Google.com. 2023.
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://pubs.rsc.org/en/c
ontent/articlehtml!/2023/va/d2va00164k&ved=2ahUKEwim1bDjssqgHAXX6 XWwGHZIkCrMQFnoE
CBKkQAQ&usg=A0vVaw311lvU_otDE5d_496Lk555¢.

4. Aksu, Ziimriye. 2005. “Application of Biosorption for the Removal of Organic Pollutants: A Review.”
Process Biochemistry 40 (3): 997-1026. https://doi.org/10.1016/j.procbio.2004.04.008.

5. Al-Tohamy, Rania, Sameh S. Ali, Fanghua Li, Kamal M. Okasha, Yehia A.-G. Mahmoud, Tamer
Elsamahy, Haixin Jiao, Yinyi Fu, and Jianzhong Sun. 2022. “A Critical Review on the Treatment of
Dye-Containing Wastewater: Ecotoxicological and Health Concerns of Textile Dyes and Possible
Remediation Approaches for Environmental Safety.” Ecotoxicology and Environmental Safety 231
(0147-6513): 113160. https://doi.org/10.1016/j.ecoenv.2021.113160.

IJFMR240426158 Volume 6, Issue 4, July-Auqust 2024 9



https://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
6. Bashir, Arshid, Altaf Hussain Pandith, Aaliya Qureashi, Lateef Ahmad Malik, Murtaza Gani, and

10.

11.

12.

13.

14.

15.

16.

Jaime Moreno Perez. 2022. “Catalytic Propensity of Biochar Decorated with Core-Shell
NZVI@Fe304: A Sustainable Photo-Fenton Catalysis of Methylene Blue Dye and Reduction of 4-
Nitrophenol.”  Journal of Environmental Chemical Engineering 10 (3): 107401.
https://doi.org/10.1016/j.jece.2022.107401.

Besenhard, Maximilian O., Alec P. LaGrow, Aden Hodzic, Manfred Kriechbaum, Luca Panariello,
Giorgio Bais, Katerina Loizou, et al. 2020. “Co-Precipitation Synthesis of Stable Iron Oxide
Nanoparticles with NaOH: New Insights and Continuous Production via Flow Chemistry.” Chemical
Engineering Journal 399 (1385-8947): 125740. https://doi.org/10.1016/j.cej.2020.125740.

Bilal Goudjil, Mohamed , Halima Dali, Souad Zighmi, and Zineb Mahcene. 2024. “Photocatalytic
Degradation of Methylene Blue Dye with Biosynthesized Hematite a-Fe203 Nanoparticles under UV-
Irradiation.” Google.com. 2024.
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.sciencedire
ct.com/science/article/pii/S1944398624001000&ved=2ahUKEwim1bDjssqHAXX6 XWwWGHZIKCrM
QFNoECBsQAQ&usg=A0vVaw0 wOUQ7TDIPwJ4XPnKytmX.

Courtin, Emilie, Gianguido Baldinozzi, Moulay Tahar Sougrati, Lorenzo Stievano, Clément Sanchez,
and Christel Laberty-Robert. 2014. “New Fe2TiOs-Based Nanoheterostructured Mesoporous
Photoanodes with Improved Visible Light Photoresponses.” Journal of Materials Chemistry. A,
Materials for Energy and Sustainability 2 (18): 6567—77. https://doi.org/10.1039/c4ta00102h.
Dwivedi, Poonam, Indu Jatrana, Azhar U Khan, Azmat Ali Khan, Honey Satiya, Masudulla Khan, 1l
Soo Moon, and Mahboob Alam. 2021. “Photoremediation of Methylene Blue by Biosynthesized
ZnO/Fe304 Nanocomposites Using Callistemon Viminalis Leaves Aqueous Extract: A Comparative
Study.” Nanotechnology Reviews 10 (1): 1912-25. https://doi.org/10.1515/ntrev-2021-0117.

Hamad, Hamad Noori, and Syazwani Idrus. 2022. “Recent Developments in the Application of Bio-
Waste-Derived Adsorbents for the Removal of Methylene Blue from Wastewater: A Review.”
Polymers 14 (4): 783. https://doi.org/10.3390/polym14040783.

Islam, Tarekul, Md Reazuddin Repon, Tarikul Islam, Zahid Sarwar, and Mohammed M. Rahman.
2023. “Impact of Textile Dyes on Health and Ecosystem: A Review of Structure, Causes, and Potential
Solutions.” Environmental Science and Pollution Research International 30 (4): 9207-42.
https://doi.org/10.1007/s11356-022-24398-3.

Jodo E.F.S. Rodrigues, Washington S Rosa, Mateus M Ferrer, Thiago R Cunha, Jesis Moreno, Julio
R Sambrano, José L Martinez, et al. 2019. “Spin-Phonon Coupling in Uniaxial Anisotropic Spin-Glass
Based on Fe2TiO5 Pseudobrookite.” Journal of Alloys and Compounds 799 (August): 563-72.
https://doi.org/10.1016/j.jallcom.2019.05.343.

Kansal, Sushil Kumar, Navjeet Kaur, and Sukhmehar Singh. 2009. “Photocatalytic Degradation of
Two Commercial Reactive Dyes in Aqueous Phase Using Nanophotocatalysts.” Nanoscale Research
Letters 4 (7). https://doi.org/10.1007/s11671-009-9300-3.

Lipatova, I M, L I Makarova, and E A Mezina. 2016. “A Spectrophotometric Study of the
Complexation between Methylene Blue Dye and Sodium Alginate.” Russian Journal of General
Chemistry 86 (9): 2226-31. https://doi.org/10.1134/s1070363216090371.

Liu, Mingyue, Yuyuan Ye, Jiamin Ye, Ting Gao, Dehua Wang, Gang Chen, and Zhenjun Song. 2023.
“Recent Advances of Magnetite (Fe304)-Based Magnetic Materials in Catalytic Applications.”
Magnetochemistry 9 (4): 110-10. https://doi.org/10.3390/magnetochemistry9040110.

IJFMR240426158 Volume 6, Issue 4, July-Auqust 2024 10



https://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
17. Liu, Xiaoduo, Jiefu Tian, Yuanyuan Li, Ningfei Sun, Shu Mi, Yong Xie, and Ziyu Chen. 2019.

18.

19.

20.

21.

22,

23.

24,

25.

26.

“Enhanced Dyes Adsorption from Wastewater via Fe304 Nanoparticles Functionalized Activated
Carbon.” Journal of Hazardous Materials 373 (0304-3894): 397-407.
https://doi.org/10.1016/j.jhazmat.2019.03.103.

Liu, Yu, Hongbing Yu, Zhenning Lv, Sihui Zhan, Jiangyao Yang, Xinhong Peng, Yixuan Ren, and
Xiaoyan Wu. 2012. “Simulated-Sunlight-Activated Photocatalysis of Methylene Blue Using Cerium-
Doped SiO2/TiO2 Nanostructured Fibers.” Journal of Environmental Sciences 24 (10): 1867—75.
https://doi.org/10.1016/s1001-0742(11)61008-5.

“Methylene Blue.” 2024. Google.com. 2024.
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://pubchem.ncbi.nl
m.nih.gov/compound/Methylene-Blue&ved=2ahUKEwi-rZWfh-
OHAXXIRMwWGHVRAMXwQFnoECBgQAQ&uUsg=A0vVaw3aRngewqXs5RxvISMQ2yMk.
“Methylene  Blue-Based Nano and  Microparticles.”  2024.  Google.com.  2024.
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.ncbi.nlm.ni
h.gov/pmc/articles/PMC8618133/&ved=2ahUKEwim1bDjssgHAXX6XWwGHZIkCrMQFnoECDY
QAQ&usg=A0VvVawlQhuGDSMWmHQhzZ2ZP5ziZ.

Nguyen, Minh Dang, Hung-Vu Tran, Shoujun Xu, and T. Randall Lee. 2021. “Fe304 Nanoparticles:
Structures, Synthesis, Magnetic Properties, Surface Functionalization, and Emerging Applications.”
Applied Sciences 11 (23): 11301. https://doi.org/10.3390/app112311301.

Oladoye, Peter Olusakin, Timothy Oladiran Ajiboye, Elizabeth Oyinkansola Omotola, and Olusola
Joel Oyewola. 2022. “Methylene Blue Dye: Toxicity and Potential Elimination Technology from
Wastewater.” Results in Engineering 16 (2590-1230): 100678.
https://doi.org/10.1016/j.rineng.2022.100678.

Ruiz-Baltazar, Alvaro de Jesus, Simon Yobanny Reyes-Lopez, Maria de Lourdes Mondragon-
Sanchez, Anel Ivonne Robles-Cortés, and Ramiro Pérez. 2019. “Eco-Friendly Synthesis of Fe304
Nanoparticles: Evaluation of Their Catalytic Activity in Methylene Blue Degradation by Kinetic
Adsorption Models.” Results in Physics 12 (2211-3797): 989-95.
https://doi.org/10.1016/j.rinp.2018.12.037.

Sarkar, Shrabana, Aparna Banerjee, Urmi Halder, Raju Biswas, and Rajib Bandopadhyay. 2017.
“Degradation of Synthetic Azo Dyes of Textile Industry: A Sustainable Approach Using Microbial
Enzymes.”  Water  Conservation  Science and  Engineering 2  (4): 121-31.
https://doi.org/10.1007/s41101-017-0031-5.

Sharifi Pajaie, Seyed Hassan , Saltanat Archin, and Ghasem Asadpour. 2024. “Redirect Notice.”
Google.com. 2024.
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FChe
mical-structure-of-methylene-

blue_fig2_324315140&psig=A0OvVawlYYw714 uA5jJjxcQ5PXTE&ust=1723126314652000&s0u
rce=images&cd=vfe&opi=89978449&ved=0CA8QjRxgFwoTCIjZI_OH44cDFQAAAAAJAAAAA
BAE.

Singh, K.K, Kula Kamal Senapati, and Kamal Sarma. 2017. “Synthesis of Superparamagnetic Fe304
Nanoparticles Coated with Green Tea Polyphenols and Their Use for Removal of Dye Pollutant from
Aqueous Solution.” Journal of Environmental Chemical Engineering 5 (3): 2214-21.
https://doi.org/10.1016/j.jece.2017.04.022.

IJFMR240426158 Volume 6, Issue 4, July-Auqust 2024 11



https://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
27. Soltani, Tayyebe, and Mohammad H. Entezari. 2013. “Photolysis and Photocatalysis of Methylene

28.

29.

30.

31.

32.

33.

Blue by Ferrite Bismuth Nanoparticles under Sunlight Irradiation.” Journal of Molecular Catalysis A:
Chemical 377 (October): 197-203. https://doi.org/10.1016/j.molcata.2013.05.004.

Swinehart, D. F. 1962. “The Beer-Lambert Law.” Journal of Chemical Education 39 (7): 333.
https://doi.org/10.1021/ed039p333.

Tkaczyk, Angelika, Kamila Mitrowska, and Andrzej Posyniak. 2020. “Synthetic Organic Dyes as
Contaminants of the Aquatic Environment and Their Implications for Ecosystems: A Review.” Science
of the Total Environment 717 (0048-9697): 137222. https://doi.org/10.1016/j.scitotenv.2020.137222.
Vasiljevic, Z. Z., M. P. Dojcinovic, J. D. Vujancevic, I. Jankovic-Castvan, M. Ognjanovic, N. B.
Tadic, S. Stojadinovic, G. O. Brankovic, and M. V. Nikolic. 2020a. “Photocatalytic Degradation of
Methylene Blue under Natural Sunlight Using Iron Titanate Nanoparticles Prepared by a Modified
Sol-Gel Method.” Royal Society Open Science 7 (9): 200708. https://doi.org/10.1098/rs0s.200708.

. 2020b. “Photocatalytic Degradation of Methylene Blue under Natural Sunlight Using Iron
Titanate Nanoparticles Prepared by a Modified Sol-Gel Method.” Royal Society Open Science 7 (9):
200708. https://doi.org/10.1098/rs0s.200708.

Wainwright, M., and K.B. Crossley. 2002. “Methylene Blue - a Therapeutic Dye for All Seasons?”
Journal of Chemotherapy 14 (5): 431-43. https://doi.org/10.1179/joc.2002.14.5.431.

2024. Google.com. 2024.
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.sciencedire
ct.com/science/article/pii/S1319562X21000036&ved=2ahUKEwim1bDjssgHAXX6 XWwGHZIkCr
MQFNoECC0QAQ&usg=A0vVawlysfY5zK5tJAQZI1Np3c4u.

IJFMR240426158 Volume 6, Issue 4, July-Auqust 2024 12



https://www.ijfmr.com/

