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Abstract

the structure, morphology, and magnetic properties of pure 
3Fe5

manufactured utilising the synthetic chelating agent citric 
acid and the natural chelating agent lemon extract at varying 

temperatures. The morphological characteristics and elemental 

analysed using Fourier Transform Infrared spectroscopy (FTIR) 
and Raman spectroscopy. The room-temperature magnetic 

Sample Magnetometer (VSM). The dielectric constant and 
dielectric loss of the nanomaterial are examined across multiple 
frequencies at varied temperatures.
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1. Introduction

in technological applications. These applications encompass microwave 

due to their high resistivity, narrow linewidth in ferromagnetic resonance, 
magneto-optical properties, low eddy current losses, moderate thermal 

The need for technical applications of soft magnetic materials is consistently 
rising due to their exceptional electromagnetic characteristics. The low 
electrical conductivity and minimal dielectric losses of ferrites render them 
exceptional for microwave devices. Ferrites are classed based on their crystal 

3Fe5 ), a notable member of the garnet family, is 

owing to its technological relevance in diverse applications, including 

exhibit superior chemical stability compared to spinel ferrites due to the 
complete occupation of all sites by metal cations in well-structured garnets 

been effectively examined for frequency-dependent applications. 

precipitation, microemulsion, organic precursor method, mechanochemical, 

since it facilitates atomic-scale mixing and accelerates the reaction rate, 
resulting in homogeneous nucleation of magnetic particles at relatively 

agents and solutions of inorganic metal salts. Upon concentration of these 
solutions, most metal ions will generate a homogeneous gel to create chelate 
complexes. Consequently, selecting an appropriate chelating agent is crucial, 
as it serves complex metal ions, facilitates a stable chemical reaction, and 
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Typically, superior outcomes with reduced crystallite sizes are achieved 

approach utilising citric acid since it effectively chelates metal ions, yielding 
superior results with smaller crystallite sizes compared to alternative 

lemon extract has not been documented. This research primarily aims to 

lemon extract and synthetic citric acid as chelating agents, to investigate 
the differences in properties conferred by these agents, and to analyse the 

other applications. 

2. Experimental

3)3.6H 3)3
were taken as starting materials. The stoichiometric compositions of the 
solution components (fuels and oxidiser) were determined using propellant 
chemistry principles, with the oxidiser (metal nitrate) to fuel (citric acid) 
ratio set at unity.

3)3.6H
3)3

-18. 

Reducing valency of C6H8 .H

( 3)3 and 
                                (-1) (-18)

3)3, 0.833 mol of citric acid is required.

3)3.6H 3)3
aqueous solution of 160 ml of citric acid C6H8 .H

four days, the solution was agitated at 310 rpm. With constant stirring, the 

mol/L) was used as the chelating agent in the same way, but the temperature 
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2.1 Characterization

3Fe5  samples 
produced via the sol-gel process at different temperatures were analysed 

obtain Fourier transform infrared (FTIR) spectra ranging from 400 to 4000 
cm-1. KBr was utilised to prepare the material in pellet form. Raman spectra 

magnetic properties of the sample were analysed using a Lakeshore model 

3. Result And Discussion

Distinct peaks signifying a high degree of crystallinity were seen at 

chelating agents, respectively, as illustrated in Fig. 1. Remarkably, all peaks 
from both reports precisely corresponded with the conventional JCPDS 

The annealing temperature was optimised for citric acid across various 
temperatures, revealing intriguing phase development in the sample 

nanomaterial annealed at that temperature with citric acid. This prompted 
the research to employ a lower annealing temperature for LJ in comparison 
to CA. 

calculated using the Scherer formula,

= Bragg’s angle.
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be 51nm when utilising citric acid, which is comparable to the crystallite 

shown in the table. The packing factor (p) is determined by the equation p 
= D / d, where D represents the average crystallite size and d denotes the 

xrd
displayed in Table 1. 

tricarboxylic acid predominantly found in citrus fruits. It is typically 
regarded as an effective complexing agent due to its ability to form superior 

other chelating agents, citric acid showed favourable results with reduced 
crystallite sizes at low temperatures, while the sizes predominantly 
remained over 65 nm. This study utilised lemon extract as a substitute for 

temperatures. Citrus limon Is a member of the citrus family Rutaceae. Lemon 
juice comprises citric acid along with many other chemical components, 

The predominant misconception regarding citric acid is that it is equivalent 

of massive crystallites at elevated temperatures with citric acid serving as 
the chelating agent. The lemon extract produced a diminished crystallite 

acid, vitamin C, and other components in lemon juice provide more carbon 
for accelerated reactions, thereby facilitating the manifestation of the garnet 

between the initial powders transpired before sintering, nor during sintering 

3 and 
3Fe5 . Clearly, delineated and vibrant garnet peaks are 

observed devoid of contaminants at elevated temperatures. 

Table 1:
Parameters YIG at 1150°C (CA) YIG at 1000°C (LJ)

D  (nm) 65.5 56.8

3) 1856

)

S (m /g)

packing factor (p)
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3, 2O3, * - Y3Fe5O12

3.2. Morphology of YIG nanoparticles by SEM 

features indeterminate borders and pores that entirely vanish at elevated 

absence of agglomeration eventually demonstrates the consistency and 

3Fe5  sample inhibit atomic diffusion, hence preventing the formation 

3Fe5  samples annealed 
at elevated temperatures are proven to result from the fragmentation and 
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Fig. 2: 

elements, is shown in Fig. 3.

Fig.3:
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3.1. The vibrational spectroscopic analysis of YIG nanoparticles

cm-1, 604 cm-1, 550 cm-1, and 655 cm-1, 604 cm-1 -1, respectively. This 

-1  contained in the samples. Lemon extract 
facilitated the manifestation of garnet phases at comparatively lower 
temperatures. This is because of the higher concentration of carbonyl groups 
in lemon extract, which facilitates a more rapid reaction for the formation of 
the precise garnet phase.

Fig.4:

Raman spectra
-1 signify 

garnet phases and further validate the grain development in the samples. 
-1 -1, 180 cm-1, and 400 cm-1 correspond to Fe 3 

3
-1 -1 

3 is undergoing a reaction to produce 

The garnet peaks are distinctly observed for both chelating agents; however, 
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Fig.5:

3.3. The dielectric properties of the YIG

temperatures throughout the frequency range of 50 Hz to 5 MHz utilising 
an LCR meter. Figure 6 illustrates the dielectric constant, dielectric loss, 

frequency and temperature. The electric and dielectric properties are crucial 

the preparation procedure, sintering temperature, and other conditions. 
High values of dielectric constant are observed at low frequencies, with a 

frequency is characteristic of ferrites. The reduction at elevated frequencies 
occurs because the oscillation frequency of electric charge carriers cannot 

is ascribed to dipolar and interfacial polarisation, which occurs between 
charges and electronic polarisation, resulting in electron hopping. The 

dielectric constant ( ’) was determined using,
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Where 0 the constant of permittivity of free space, d is the pellet thickness, 
A is the area of cross-section of the pellet, and C is the capacitance. The 
dielectric loss factor ( ’’

The dielectric loss factor graph is analogous to the dielectric constant. The 
stored energy is described by ’whereas, the dissipated energy is described 
by 
extract exhibits dielectric properties at reduced temperature. The parameters 

Table 2. Parameters calculated from dielectric studies
Parameters YIG at 1150°C (CA) YIG at 1000°C (LJ)

’ at 2 kHz
’ at 20 kHz 18
’ at 2 MHz 13

0.01 0.015
0.008 0.005

’’ at 2 kHz
’’ at 20 kHz
’’ at 2 MHz 0.136 0.065
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Fig.6: 

Fig.6.3: 

3.2. Magnetic properties of YIG particles

hysteresis loop, characterised by a sigmoid form, is exhibited at elevated 
temperatures, indicating a robust ferromagnetic phase, as illustrated in Fig. 

with a natural chelating agent. The saturation magnetisation value Ms and 
several hundred oersted’s of coercivity Hc signify robust magnetism and 
the soft nature of garnet ferrites. The magnetic characteristics, including 

intrinsic factors (composition, synthesis process) and external factors 
(morphology, porosity) of garnet ferrites. The estimated squareness ratio 

for microwave applications, particularly in isolators and attenuators. The 
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and synthesis methods, as frequently reported, but also by the choice of 

Table 3: Parameters calculated from VSM analysis at room temperature
Parameters YIG at 1150°C (CA) YIG at 1000°C (LJ)
D  (nm) 65.5 56.6

Ms (emu/g) 11.6
Mr (emu/g) 10.64

Mr/Ms
310.81

Fig.7:

4. Conclusion

as a cost-effective and suitable approach for the large-scale production of 

temperatures. The reactions remained incomplete at lower annealing 

energy was provided to trigger the reaction and produce nanocrystalline 

chelating agent citric acid and the natural chelating agent lemon extract at 

application of lemon extract as a chelating agent resulted in the formation 
3Fe5

reduced crystallite size at lower temperatures in comparison to the sample 
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as impurities. The vibrational spectroscopic analysis conducted through 
FTIR and Raman techniques demonstrated that an increased presence of 
carbonyl compounds in lemon extract accelerated the reaction, resulting in 
the production of pure garnet at a comparatively lower temperature. The 
synthesis conditions have a substantial impact on the structure of garnet 

in high-frequency applications because of its reduced dielectric losses at 

natural chelating agent lemon extract at lower temperatures. The magnetic 

extrinsic characteristics of garnet but also by the selection of the chelating 
agent used in the synthesis process. In conclusion, the natural chelating agent 
lemon extract demonstrated pure garnet phases at a lower temperature, while 

applications and is particularly well-suited for microwave applications, 
primarily because of its electrical and magnetic properties.
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