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ABSTRACT

The magnetic and structural properties of magnesium ferrite (MgFe204) nanoparticles (NPs) have fascinated the
attention of researchers. MgFe204 NPs were prepared by Hibiscus rosa-sinensis plant extract assisted microwave
combustion technique. The as prepared MgFe204 NPs were subjected to structural, magnetic, and structural properties
using XRD, FT-IR, SEM and VSM analysis. Cubic phase was observed through XRD studies and the calculated lattice
constant value is 3.845A. SEM technique confirmed the sphere-shaped nanostructured morphology of the MgFe204
ferrites. VSM studies were used to calculate the magnetization, coercivity and retentivity of the MgFe,04. M-H loop
revealed the magnetic behavior of the prepared MgFe204 ferrite with superparamagnetic. The photocatalytic
degradation of the synthesized spinel ferrites with methylene blue (MB) as organic pollutant was also studied.
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Hazardous pollutants manifesting in water bodies
represent a threat to individuals and the environment [1]. To
minimize these dangerous pollutants, procedures such as
activated carbon adsorption, chlorination, ultrafiltration, and
ozonation treatment have been applied. Nonetheless, none of
the treatments listed above are cost-effective [2]. The
development of an environmentally acceptable, cost-effective
approach for the degradation of dyes and pollutants utilizing
semiconducting catalyst has so piqued academics' interest [3].
Ferrites are well-known for their remarkable uses in opto-
magnetic and photoelectronic materials, allowing low-energy
photons to display optical absorption and presenting a perfect
electronic structure for photocatalytic applications [4].
Bacterial infections are a serious threat to humans, and spinel
ferrite nanoparticles have the ability to kill hazardous germs.
The quest for new materials that can be used as antibacterial
agents, as well as the evaluation of their properties, has become
a promising research area [5- 6].

Magnesium ferrite [7—10], a semiconductor spinel ferrite
with higher chemical stability and more catalytic sites, is a
promising candidate for photocatalysis. Calcium ferrite is used
in biomedicine, drug administration, magnetic resonance
imaging, and magnetic hyperthermia, among other things [11-
15]. In addition, transition metal ions were used to change the
characteristics of calcium ferrites, resulting in doped calcium

*  A. Manikandan

><  manikandana.che@bharathuniv.ac.in
12 Department of Chemistry, Bharath Institute of Higher
Education and Research (BIHER), Chennai - 600 073,
Tamil Nadu, India

ferrites. Spinel ferrite nanoparticles can be prepared using a
variety of procedures, including hydrothermal, ceramic, auto-
combustion, mechanical milling, sol-gel, and coprecipitation.
Because of the high yield, homogeneity, and small particle size,
the coprecipitation approach provides the most advantages [16-
20]. Herein we propose to synthesize MgFe,O4 NPs by Hibiscus
rosa-sinensis plant extract assisted microwave combustion
technique and studied their structural, morphological, and
magnetic electrical properties. The as prepared nano spinel
ferrites were tested for its photo catalytic degradation over
methylene blue dye as organic pollutant.

MATERIALS AND METHODS

Iron (I11) nitrate, magnesium (11) nitrate (Sigma-Aldrich,
99%), used microwave assisted using Hibiscus rosa-
sinensis plant extract green synthesis of MgFe,Os NPs.
Deionized water was utilized in all stages of the synthesis.
Malachite (MG) was purchased for the photocatalytic
degradation. The Hibiscus rosa-sinensis plant extract was
washed with deionized water. Plant moisture was removed at
50 °C. To each gram of watercress powder, 10 ml of deionized
water was added and shaken at 50°C, overnight. Finally, the
extract was separated with Whatman paper and centrifuged.
Iron (111) nitrate, magnesium (1) nitrate solution was added to
50 ml of aqueous extract. The mixture was kept in a microwave
oven. The final product was washed well with DI water and
ethanol twice finally dried at 70°C and used for further
characterizations.

Characterization techniques
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The structural characterization of MgFe,Os NPs was
performed using Rigaku Ultima X-ray diffractometer equipped
with Cu-Ko radiation (1 =1.5418 A). The surface functional
groups were analyzed by Perkin Elmer FT-IR spectrometer.
Morphological studies and energy dispersive X-ray analysis
(EDX) of MgFe,O4 NPs have been performed with a Jeol
JSM6360 high resolution scanning electron microscopy (HR-
SEM). Magnetic measurements were carried out at room
temperature using a PMC MicroMag 3900 model vibrating
sample magnetometer equipped with 1 Tesla magnet.

RESULTS AND DISCUSSION
Powder - XRD diffraction studies

The structural properties of MgFe,O4 NPs were studied
from the diffraction pattern (Fig 1) obtained from XRD
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Fig 1 Powder XRD pattern of MgFe;04 NPs
SEM analysis

SEM images (Fig 3) presented the surface morphology
of the prepared spinel MgFe;O4 NPs. SEM images specified
that the materials were smaller particle size of the material

Fig 3 SEM image of MgFe,04 NPs

technique [21]. The existence of the lattice planes in the XRD
patterns elucidates the structure of single-phase cubic structure
of MgFe;O, NPs with space group Fd3m. The average
crystallite size D was calculated from Scherrer formula and
obtained 18.26 nm.

FT-IR analysis

The FT-IR spectra of the synthesized MgFe,O4 NPs
were studied between 400-4000 cm™ The characteristic spinel
absorption band at 450 and 600 cm* were accredited to the
stretching vibrations due to the interaction of oxygen and
cations in Mg-O and Fe-O bond linkages. The bands at 700 and
800 cm* were due to O-Fe-O and Fe-OH linkages and the band
at 455 cm related to Fe-O linkage. The absorption band at 642
cm* was attributed to Fe-O bond of MgFe,O4 NPs skeleton. The
broad bands at 3420 and 1622 cm-* were assigned to the O-H
broadening due to the compaction of KBr pellets [22].
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Fig 2 FT-IR spectra of MgFe,04 NPs

ranges between 12-20 nm. The images indicated the
aggregation of the material with cubical and regular
morphology of MgFe,O4 NPs. High diameter pictures depicted
agglomerations resulting in the formation of heterogeneous
surface.
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Fig 4 VSM results of MgFe,04 NPs
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VSM studies

The hysteresis curve (Fig 4) of the synthesized MgFe;04
NPs showed superparamagnetic behaviour, indicating the
synthesized MgFe»O4 NPs as soft ferrites [23]. The coercivity
was found to be 246.24 Oe. The Ms, and M,, value of the
MgFe,04 NPs is 23.58 emu/g and 52.85 emu/g respectively.
Lower value Hc of the synthesized MgFe,O4 NPs showed the
magnetically soft ferrite and distortion of spin happens on the
surface due to the magneto-crystalline anisotropy.

Photocatalytic degradation studies

The photocatalytic experiment was done by using
MgFe,04 NPs and 100 mL of 25 ppm organic methylene blue
dye solution. The photocatalytic reaction media was left for
stirring for 30 minutes to get adsorption equilibrium before the
illumination of UV- lamp. The photo catalytic studies were
performed for 180 minutes under the irradiation of UV-lamp
and the solutions were drawn every 30 minutes and measured
with UV-Visible spectra (Fig 5) and showed 96.25% efficiency
of dye degradation for MgFe,O4 NPs in 180 minutes attributed
to the smaller crystallite size [24].

CONCLUSION

The as prepared MgFe,O, NPs were subjected to
structural, magnetic, and structural properties using XRD, FT-
IR, SEM and VSM analysis. MgFe,O. NPs were prepared by
Hibiscus rosa-sinensis plant extract assisted microwave
combustion technique. Cubic phase was observed through XRD
studies and the calculated lattice constant value is 3.845A. SEM
technique confirmed the sphere-shaped nanostructured
morphology of the MgFe,O, ferrites. VSM studies were used to
calculate the magnetization, coercivity and retentivity of the
MgFe;0s. M-H loop revealed the magnetic behavior of the
prepared MgFe,O, ferrite with superparamagnetic. VSM
analysis indicated that the as prepared MgFe,O4 NPs were soft
ferrites. MgFe;,O4 NPs exhibited 96.25% degradation in 180
minutes with methylene blue dye.
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Fig 5 Photocatalytic dye degradation using MgFe,04 NPs

LITERATURE CITED
1. A. Manikandan, R. Sridhar, S. Arul Antony, S. Ramakrishna, A simple aloe vera plant-extracted microwave and conventional
combustion synthesis: Morphological, optical and catalytic properties of magnetic CoFe;O4 nanostructures, Journal of

Molecular Structure, 1076 (2014) 188-200.

2. A. Manikandan, M. Durka, S. Arul Antony, Hibiscus rosa-sinensis leaf extracted green methods, magneto-optical and catalytic
properties of spinel CuFe;O4 nano- and microstructures, Journal of Inorganic and Organometallic Polymers and Materials,

25 (2015) 1019-1031.

3. V. Mary Teresita, A. Manikandan, B. Avila Josephine, S. Sujatha, S. Arul Antony, Electro-magnetic properties and humidity
sensing studies of magnetically recoverable LaMgxFe1xOs.s perovskites nano-photocatalysts by sol-gel route, Journal of
Superconductivity and Novel Magnetism, 29 (2016) 1691-1701.

4. C. Barathiraja, A. Manikandan, A. M. Uduman Mohideen, S. Jayasree, S. Arul Antony, Magnetically recyclable spinel MnxNi-
«Fe204 (X = 0.0-0.5) nano-photocatalysts: Structural, morphological and opto-magnetic properties, Journal of
Superconductivity and Novel Magnetism, 29 (2016) 477-486.

' CARAS



Res. Jr. of Agril. Sci. (Special) 13: 088-091 091

5. B. Avila Josephine, A. Manikandan, V. Mary Teresita, S. Arul Antony, Fundamental study of LaMgxCri-xOs-s perovskites nano-
photocatalysts: Sol-gel synthesis, characterization and humidity sensing, The Korean Journal of Chemical Engineering, 33
(2016) 1590-1598.

6. A. Manikandan, E. Manikandan, B. Meenatchi, S. Vadivel, S. K. Jaganathan, R. Ladchumananandasivam, M. Henini, M. Maaza,
J. S. Aanand, Rare earth element Lanthanum doped zinc oxide (La: ZnO) nanoparticles: Synthesis structural optical and
antibacterial studies, Journal of Alloys and Compounds 723 (2017) 1155-1161.

7.R. A. Senthil, S. Osman, J. Pan, Y. Sun, T. R. Kumar, A. Manikandan, A facile hydrothermal synthesis of visible-light responsive
BiFeWOs/MoS, composite as superior photocatalyst for degradation of organic pollutants, Ceramics International, 45 (2019)
18683-18690.

8. N. Babitha, L. Srimathi Priya, S. Rosy Christy, A. Manikandan, A. Dinesh, M. Durka, and S. Arunadevi, Enhanced Antibacterial
Activity and Photo-Catalytic Properties of ZnO Nanoparticles: Pedalium Murex Plant Extract-Assisted Synthesis, Journal of
Nanoscience and Nanotechnology 19 (2019) 2888—2894.

9. R. A. Senthil, S. Osman, J. Pan, A. Khan, V. Yang, T. R. Kumar, Y. Sun, A. Manikandan, One-pot preparation of AgBr/a-
Ag2WO, composites with superior photocatalytic activity under visible-light irradiation, Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 586 (2020) 124079.

10. S. Rathinavel, R. Deepika, D. Panda, A. Manikandan, Synthesis and characterization of MgFe,O4and MgFe;04/rGO
nanocomposites for the photocatalytic degradation of methylene blue, Inorganic and Nano-Metal Chemistry, 51, 2 (2021)
210-217.

11. A Muthukrishnaraj, SS Kalaivani, A Manikandan, Helen P Kavitha, R Srinivasan, N Balasubramanian, Sonochemical synthesis
and visible light induced photocatalytic property of reduced graphene oxide@ ZnO hexagonal hollow rod nanocomposite,
Journal of Alloys and Compounds, 83625 (2020) 155377.

12. P. Annie Vinosha, A. Manikandan, R. Ragu, Y. Slimani, A. Baykal, Belina Xavier, Impact of nickel substitution on structure,
magneto-optical, electrical and acoustical properties of cobalt ferrite nanoparticles, Journal of Alloys and Compounds, 857
(2021) 157517.

13. T. L. Ajeesha, A. Ashwini, Mary George, A. Manikandan, J. Arul Mary, Y. Slimani, M. A. Almessiere, A. Baykal, Nickel
substituted MgFe,O4 nanoparticles via co-precipitation method for photocatalytic applications, Physica B: Condensed
Matter, 606 (2021) 412660.

14. P. Annie Vinosha, A. Manikandan, R. Ragu, A. Dinesh, P. Paulraj, Y. Slimani, M.A. Almessiere, A. Baykal, J. Madhavan, B.
Xavier, G. Francisco Nirmala, Exploring the influence of varying pH on structural, electro-optical, magnetic and photo-
Fenton properties of mesoporous ZnFe,O4 nanocrystals, Environmental Pollution, 272 (2021) 115983.

15. R. Renuga, A. Manikandan, J. A. Mary, A. Muthukrishnaraj, A. Khan, S. Srinivasan, B. Abdullah M. Al Alwan and K. M.
Khedher, Enhanced Magneto-Optical, Morphological, and Photocatalytic Properties of Nickel-Substituted
SnO; Nanoparticles, Journal of Superconductivity and Novel Magnetism, 34 (2021) 825-836.

16. P. A. Vinosha, A. Manikandan, A. S. J. Ceicilia, A. Dinesh, G. F. Nirmala, A. Christy Preetha, Y. Slimani, M.A. Almessiere,
A. Baykal, B. Xavier, Review on recent advances of zinc substituted cobalt ferrite nanoparticles: Synthesis characterization
and diverse applications, Ceramics International, 47 (2021) 10512-10535.

17. M. George, T.L. Ajeesha, A. Manikandan, Ashwini Anantharaman, R.S. Jansi, E. Ranjith Kumar, Y. Slimani, M.A. Almessiere,
A. Baykal, Evaluation of Cu-MgFe2O4 spinel nanoparticles for photocatalytic and antimicrobial activates, Journal of Physics
and Chemistry of Solids, 153 (2021) 110010.

18. P. Annie Vinosha, A. Manikandan, A. Christy Preetha, A. Dinesh, Y. Slimani, M.A. Almessiere, A. Baykal, Belina Xavier, G.
Francisco Nirmala, Review on recent advances of synthesis, magnetic properties and water treatment applications of cobalt
ferrite nanoparticles and nanocomposites, Journal of Superconductivity and Novel Magnetism, 34 (2021) 995-1018.

19. M. R. Ranjitha, A. Manikandan, J. N. Baby, K. Panneerselvam, S. Ragu, Mary George, Y. Slimani, M.A. Almessiere, A. Baykal,
Hexagonal basalt-like ceramics LaxMg1xTiOs (X = 0 and 0.5) contrived via deep eutectic solvent for selective electrochemical
detection of dopamine, Physica B: Condensed Matter, 615 (2021) 413068.

20. A. Muthukrishnaraj, S. A. Al-Zahrani , A. Al Otaibi, S. S. Kalaivani, A. Manikandan, N. Balasubramanian, A. L. Bilgrami, M.
A. R. Ahamed, A. Khan, A. M. Asiri, N. Balasubramanian, Enhanced Photocatalytic Activity of Cu,O Cabbage/RGO
Nanocomposites under Visible Light Irradiation, Polymers, 13 (2021) 1712.

21. K. Geetha, R. Udhayakumar, A. Manikandan, Enhanced magnetic and photocatalytic characteristics of cerium substituted spinel
MgFe,O, ferrite nanoparticles, Physica B: Physics of Condensed Matter, 615 (2021) 413083.

22. C. Sambathkumar, V. Manirathinam, A. Manikandan, M. Krishna Kumar, S. Sudhakar, P. Devendran, Solvothermal synthesis
of Bi,S3 nanoparticles for active photocatalytic and energy storage device applications, Journal of Materials Science:
Materials in Electronics, 32 (2021) 20827-20843.

23. V. S. P. Sakthi Sri, A. Manikandan, M. Mathankumar, R. Tamizhselvi, M. George, A. L. Bilgrami, S. A. Al-Zahrani, A. A. P.
Khan, Anish Khan, A. M. Asiri, Unveiling the photosensitive, mechanical and magnetic properties of amorphous iron
nanoparticles with its application towards decontamination of water and cancer treatment, Journal of Materials Research and
Technology, 15 (2021) 99-118.

24. R. R. Mathiarasu, A. Manikandan, K. Panneerselvam, M. George, Y. Slimani, M. A. Almessiere, A. Baykal, A. M. Asiri, T.
Kamal, A. Khan, Photocatalytic degradation of reactive anionic dyes RB5, RR198 and RY 145 via Rare earth element (REE)
Lanthanum substituted CaTiOs perovskite catalysts, Journal of Materials Research and Technology, 15 (2021) 5936-5947.

¢ CARAS


https://www.sciencedirect.com/science/article/pii/S0272884219315895#!
https://www.sciencedirect.com/science/article/pii/S0272884219315895#!
https://www.sciencedirect.com/science/article/pii/S0272884219315895#!
https://www.sciencedirect.com/science/article/pii/S0272884219315895#!
https://www.sciencedirect.com/science/article/pii/S0272884219315895#!
https://www.sciencedirect.com/science/article/pii/S0272884219315895#!
javascript:void(0)
javascript:void(0)
javascript:;
javascript:;
https://link.springer.com/article/10.1007/s10948-020-05766-x?wt_mc=Internal.Event.1.SEM.ArticleAuthorAssignedToIssue&utm_source=ArticleAuthorAssignedToIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorAssignedToIssue_20210409#auth-R_-Renuga
https://link.springer.com/article/10.1007/s10948-020-05766-x?wt_mc=Internal.Event.1.SEM.ArticleAuthorAssignedToIssue&utm_source=ArticleAuthorAssignedToIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorAssignedToIssue_20210409#auth-A_-Manikandan
https://link.springer.com/article/10.1007/s10948-020-05766-x?wt_mc=Internal.Event.1.SEM.ArticleAuthorAssignedToIssue&utm_source=ArticleAuthorAssignedToIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorAssignedToIssue_20210409#auth-J__Arul-Mary
https://link.springer.com/article/10.1007/s10948-020-05766-x?wt_mc=Internal.Event.1.SEM.ArticleAuthorAssignedToIssue&utm_source=ArticleAuthorAssignedToIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorAssignedToIssue_20210409#auth-A_-Muthukrishnaraj
https://link.springer.com/article/10.1007/s10948-020-05766-x?wt_mc=Internal.Event.1.SEM.ArticleAuthorAssignedToIssue&utm_source=ArticleAuthorAssignedToIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorAssignedToIssue_20210409#auth-Anish-Khan
https://link.springer.com/article/10.1007/s10948-020-05766-x?wt_mc=Internal.Event.1.SEM.ArticleAuthorAssignedToIssue&utm_source=ArticleAuthorAssignedToIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorAssignedToIssue_20210409#auth-S_-Srinivasan
https://link.springer.com/article/10.1007/s10948-020-05766-x?wt_mc=Internal.Event.1.SEM.ArticleAuthorAssignedToIssue&utm_source=ArticleAuthorAssignedToIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorAssignedToIssue_20210409#auth-Basem_Abdullah_M_-Alwan
https://link.springer.com/article/10.1007/s10948-020-05766-x?wt_mc=Internal.Event.1.SEM.ArticleAuthorAssignedToIssue&utm_source=ArticleAuthorAssignedToIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorAssignedToIssue_20210409#auth-Khalid_Mohamed-Khedher
https://link.springer.com/article/10.1007/s10948-020-05766-x?wt_mc=Internal.Event.1.SEM.ArticleAuthorAssignedToIssue&utm_source=ArticleAuthorAssignedToIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorAssignedToIssue_20210409#auth-Khalid_Mohamed-Khedher
javascript:;
javascript:;
https://www.sciencedirect.com/science/journal/00223697/153/supp/C
javascript:;
javascript:;
https://www.sciencedirect.com/science/journal/09214526

