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Abstract 

Rare earth (RE) [Cerium (Ce3+) and Erbium (Er3+)] lanthanides doped magnesium nanoferrites having the chemical 
composition MgCexEryFe2-x-yO4 (x=0.4, 0.6, 0.8 and y= 0.6, 0.4, 0.2) have been synthesize by sol-gel method. These 
prepared nanoferrites series were studied by UV-Vis absorption, X-ray diffractometer (XRD), Fourier transform 
infrared spectroscopy (FTIR), Scanning electron microscopy (SEM) and magnetic properties of the prepared series 
were studied by the superconducting quantum interface device (SQUID) magnetometer. The M-H curve was plotted at 
different temperature (300 K, 100 K, 20 K and 5 K) measurements. The magnetic properties of prepared sample series 
saturation magnetization, retentivity and magnetic moment of the prepared nanoferitte studied in this literature. We 
finally envision that doping of rare earth (RE) ions (Ce3+ and Er3+) control the properties of magnesium ferrite samples 
and for future innovation. 
 

Keywords: Sol-gel method, doping, rare earth elements, magnesium nano-ferrites and SQUID.  

1. Introduction: 

Metal oxide nanoparticles material is very useful in several applications in daily uses and research fields so 
needs to improve their properties. With the development of new technology its required high class of magnetic 
properties of material. Magnetic material is occupying an important place. The MgFe2O4 normal magnesium spinal 
ferrite and it has cubic structure with properties of soft magnetic n-type semiconductor. This ferrite has wide range of 
applications like memory devices, microwave units, magnetic memory units, transformer, planer antennas, sensors and 
cancer treatment. [1] There are several methods of synthesis routes to producing magnesium ferrite spinel with desired 
properties like as hydrothermal technique in thin film and powder form, rapid solidification, high-temperature solid-
state reaction, Electro-deposition, pulsed laser deposition, co-precipitation, sonochemical reactions, sol-gel method, 
combustion and high energy ball milling. Through wet chemical synthesis process we can enhance the material 
properties for example size, shape, phases and surface structure. This synthesis process provides fine tuning in reaction 
condition to achieve expected nanomaterials and these condition modify unconventional properties of material. In this 
paper, we are interested in developments of materials by the sol-gel auto combustion synthesis methods of 
nanoparticles to provide huge modification on the properties of prepared nanomaterials. In recent developments there 
are several methods to obtained metal oxide nanoparticles by wet chemical method but for scalable production to 
satisfy the growing industrial requirement of nanoparticles is sol-gel method and also special attention on low coast 
synthesis of nanoparticles. Ferrite are most important material which provide unique magnetic properties which is lies 
application in almost all fields and industry so no materials like ferrite wide range properties. [2]  Spinel nanoferrites 
materials are very good class and stable material for research, technology and industrial uses like as biomedical, Radar 

http://www.ijirset.com/
mailto:umeshchej@gmail.com
https://www.sciencedirect.com/topics/physics-and-astronomy/ferrites


International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

        (A High Impact Factor, Monthly, Peer Reviewed & Referred Journal) 

                        | e-ISSN: 2319-8753, p-ISSN: 2320-6710| www.ijirset.com | Impact Factor: 8.118| 

    ||Volume 11, Issue 11, November 2022|| 

    | DOI:10.15680/IJIRSET.2022.1111120 | 

IJIRSET © 2022                                                  | An ISO 9001:2008 Certified Journal   |                                                        13927  
 

 

absorbing materials, microwave antenna information storage, pharmaceutical, MRI, high frequency power devices and 
remote sensing devices.[3-4] 

Materials EM (electromagnetic) properties can be enhance by replacing or adding the various cations of the 
spinel ferrite also here is important factor that cations distribution its plays an important role in expected properties of 
nanoferrites. Here RE cations are also sourece of improvement of electromagnetic properties of preparing material. [5] 
The addition of RE elements into Mg-ferrite proved to strengthening, effective in grain refinement and anti-corrosion. 
By purification mechanisms, we can remove a part of impurity element and it is provides a way to advantage design of 
prepared material. Mg based alloys most popular research topic in current applications, weight reducing materials in 
engineering field and microwave antennas with negative refractive index materials by doping Ce3+ and Er3+  addition. 
[6] Ferrite materials has been also a huge interest in diverse technological field due to its high resistivity and low eddy 
current losses properties and Spinel ferrites important class of material which has chemically and thermally stable 
materials it makes uses of wide range of applications.[7] 

By the comparison of magnetic properties of materials, the ferrimagnetic materials are more preferable due to 
its low eddy current and electromagnetic losses properties. Magnetic materials are very important class with nanosized 
dimension in various unique and remarkable applications. FCC (Face centre cubic) structure of spinel ferrite has 
chemical formula XFe2O4 here 'X'  represent metal cations for example Mg2+, Cd2+, Zn2+, Co2+, Mn2+, Ni2+ etc. It has 
been exhibits physical, chemical, optical, magnetic and dielectric behaviors are varied by its composition, substitution 
and synthesis process of materials. [8] 

It’s always interesting area for researchers of ferrites hexagonal-type crystal structures with interesting 
properties [9] so here we are also interested its electromagnetic properties which may be useful for microwave antennas 
material with negative refractive index and low energy loss and less heat extracting with communication process. This 
synthesis and study of MgCexEryFe2-x-yO4 nanometer-sized ferrite particles focus on applied research work with special 
emphasis on their size dependent behavior. Nanoparticles MgCexEryFe2-x-yO4   material series was prepared by the auto 
combustion sol-gel method. The average particle size of MgFe2O4 nanoparticles was controlled through sol-gel process. 
The band gap of prepared series was determine by UV-Vis data with the help of Tauc plots and the FTIR measurements 
were conducted using Shimazu spectrometer with a single reflection horizontal ATR accessory. The average particle 
size of prepared sample series were obtained by X-ray diffraction graph by the help of Scherrer relation and it is 
conformed to the help of SEM and magnetic properties were calculated from SQUID. The above studies will be helping 
us for design and construction for practical planer antenna application. 
 

2. Experimental details: 

2.1 Materials 

The RE doped ferrites MgCexEryFe2-x-y O4 achieved by Sol-Gel method and starting martial to synthesize purchased 
high purity metal nitrates from Sigma Aldrich Company (catalogue Nos.) 

2.2 Synthesis of ferrite nanoparticles 

The doped magnesium nanoparticles were synthesized following the methodology reported in the literature. 

Nanocrystalline powders of Ce and Er substituted magnesium nanoferrites with compositional formula MgCexEryFe2-x-

yO4 (x=0.4, 0.6, 0.8 and y= 0.6, 0.4, 0.2) were prepared by using sol–gel method. Mg nitrate hexahydrate and Fe nitrate 

hexahydrate were used as the precursors and RE, [Ce(NO3)2.6H2O] and [Er(NO3)3.5H2O] takes as dopants. 

Stochiometric Amount of precursors metal nitrates were adds in pure water to achieve to clean solution. The Citric 

Acid mixed in water was added to the metal nitrate solution to disperse the NPs [10]. To obtain uniform solution of all 

aqueous solution of nitrates stirred on magnetic stirrer and gradually heated to 80°C. In order to make the solution 
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neutral (maintain the pH of solution 7) by adding required Ammonia (NH3) [11]. This solution was evaporated water 

molecules by raising temperature around 100°C on a heated plate with simultaneous stirring solution whenever solution 

does not changes into a viscous gel form and after some time all water molecules are vaporized from the solution by 

heating gel about 140°C. Then solution convert into viscous gel and this gel starts to indicate flameless combustion 

process take place with the releasing of huge amount of gases by change into dark brown coarse produce with looks 

like as a branched tree shape. Finally the burnt volumetric material powder was grounded and it was calcinate in 

atmosphere at 220°C for 4 hrs to achieve a spinel phase [12]. 

 

2.3 Characterization Technique 

2.3.1 XRD analysis 

The prepared Cerium and Erbium doped magnesium ferrite MgCexEryFe2-x-yO4 sample series via sol-gel route 
wit concentration x and y (x=0.8, 0.6 and 0.4 repectively y = 0.2, 0.4 and 0.6). XRD (X-ray powder diffraction) data 
recorded and plotted by rigaku miniflex-600 diffraction spectrometer. This recorded spectrum helps us to determine 
diffraction planes, crystalline size and volume of cell of the prepared sample. The obtained XRD patterns of 
nanopowders were were characterized by the use of Cu K- radiation of wavelength=1.5406 Å. The recorded XRD 
patterns presented by Figure 4 (a), (b) and (c) recorded peak exhibits around the (i) At diffraction angle 2θ = 29.36o for 
the series X=0.8 Y=0.2 (ii) At diffraction angle 2θ = 30.14o for the series X=0.6 Y=0.4 (iii) At diffraction angle 2θ = 
30.48 o for the series X=0.4 Y=0.6, by the plane of (311), (220), (400), (422) and it is conformation that spinel structure 
of ferrite. [13] The analysis of XRD spectra provides their FCC structure and respective planes of nanoferrites. Peak 
pattern of XRD pattern exhibits the single phase and polycrystalline nature of prepared sample.to know magnetic 
properties of material it is necessary to know cations behave in spinel ferrite. 
The spinel unit cell structure has included eight formula units and each unit cell has 64 A-sites (tetrahedral sites) and 32 
B-sites (octahedral sites). The ½ parts of structure are fulfilling by octahedral sites and 1/8th part of structure are 
fulfilling by tetrahedral site from the cations  

[Mg2+ Fe3+]A  (Ce3+
xEr3+

yFe3+
1-x-y)BO2-

4 

In above relation Ce3+ and Er3+ ions having inverse spinel structure and half part Fe3+ ions fulfill tetrahedral 
site (A-site) and half part fulfill octahedral site (B-site). The nonmagnetic Mg2+ ion have tendency occupy tetrahedral 
site. It is well known that more energy require for lanthanide substitution so that it will more thermal stable in 
comparison of unsubstantial ferrite material. Without doping material having large lattice constant and doped (Ce3+ and 
Er3+) Mg –ferrite less lattice constant it represent they occupy octahedral site the same result reported in previous 
research work. [14] 

Calculate the average their particle size by FWHM from X-ray pattern highest peak for (311) plane by using 
crystallite size software. This size is calculated on the basis of Scherrer’s formula which is mentioned below equation 
[15,16]. Here (311) dominate peak due to Er3+ doping and some more reflection peak appear in diffraction pattern due 
to oxides of doubly doped  Ce3+and Er3+ ions.The resultant value of average particle size are in range of 1.31nm (X=0.4 
Y=0.6) to 2.75nm (X=0.8 Y=0.2) sample series and it is conform that the synthesized powder of Cerium and Erbium 
doped magnesium ferrite MgCexEryFe2-x-yO4 is of nanocrystalline particles and the average particle size increases with 
Ce3+  concentration increases due to the larger ionic radius of Ce3+ (1.15 Å) and Er3+ (1.03 Å). 𝐷 = 0.94𝜆𝛽𝐶𝑂𝑆𝜃 
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Fig 1. The XRD pattern of MgCex EryFe2-x-yO4 nano-ferrites powders for (a) X=0. 4 Y=0.6, (b) X=0. 6 Y=0.4 and 

(c) X=0. 8 Y=0.2. 

By the above XRD figure 1 (a), (b) and (c) pattern shows that narrow reflection that is point out the narrow 

average crystallites size and average particle size increase as doping amount of Ce3+. The average particle size of 

prepared sample between the scale of 1.31nm (X=0.4 Y=0.6) to 2.75nm (X=0.8 Y=0.2). The lattice parameter of 

prepares sample series increased with increasing of the Ce3+ ion doping amount. [17] 

Table no. 01 :  XRD characterization comparison structure parameters for prepared series. 
S. No. X value Y value particle size 

(nm) 
lattice parameter 
(Å) 

Volume(Å)3 

1 0.8 0.2 2.75 10.09 1027.24 

2 0.6 0.4 2.23 9.82 946.97 

3 0.4 0.6 1.31 9.70 912.67 

                Source: These data taken from Rigaku miniflex-600 diffraction Spectrometer 

 

2.3.2 Morphological analysis 

The Cerium and Erbium doped magnesium ferrite MgCexEryFe2-x-yO4 nano powder studied by Scanning 
Electron Microscope (SEM- Zeiss evo 18) micrographs these images shown in Figure 1 (a), (b) and (c). These 
micrograph exhibits that there is presence of particles agglomerated together. [18] By the close study of micrograph 
reveal that there are presences of particles exhibits cubic faces and particles distribution is uniform. When the 
concentration is increase Er3+ or decrease concentration Ce3+  the average particle size are decrease as we know the 
atom size is larger for Ce3+  compare to the Er3+. It is seen that the average particle size is below 40 nm, and it is similar 
result of grain size calculated in XRD by the Scherrer’s relation. [19] 
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Fig 2. The SEM images of MgCex EryFe2-x-yO4 nano-ferrites powders for (a) X=0. 4 Y=0.6, (b) X=0. 6 Y=0.4 and 

(c) X=0. 8 Y=0.2. 

 

 

2.3.3 UV Visible absorption analysis 

The UV-Vis absorption spectrum as a function of wavelength for sample MgCex EryFe2-x-y O4 is shown in 
figure 3 (a),(b) and (c) having different value of x and y. For all the samples, highest absorption exhibits for the 
samples is at 222 nm wavelength. 
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Fig 3. UV-Vis absorption spectra of doped magnesium nanoferrites sample, MgCexEryFe2-x-yO4 for (a) X=0. 4 

Y=0.6, (b) X=0. 6 Y=0.4 and (c) X=0. 8 Y=0.2. 

Several methods can be applied to examine the optical properties of prepared sample. But in all of methods 
mostly used method is the Tauc model its allow us to calculate Eg (band gap) energy by the term (αhʋ)2 by using data 
of  incident energy (hʋ). This Tauc band gap related with the MgCexEryFe2-x-yO4 sample ferrite is calculated by an 
extrapolation of the linear trend tracing in the Figure 4 of (αhʋ)2 curve in a selective intervel of incident energies. This 
Tauc band gap is can be calculated by plotting the intercept of the linear extrapolation with Y axis. the term of (αhʋ)2 
near the band edge absorption constant α in several nano-ferrites exhibits exponential relation with incident energy 
obey the below relation : 

(αhυ)= A( hυ − Eg )n 
Here A represent edge width parameter and absorption constant is α and values of n = (1/2, 1, 2) is constant and taken 
values according to degree of transition. 
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Fig 4. Tauc plot of doped magnesium nanoferrites sample, MgCexEryFe2-x-y O4 for (a) X=0. 4 Y=0.6, (b) X=0. 6 

Y=0.4 and (c) X=0. 8 Y=0.2. 

In this research work energy band gap calculated by Figures 4 (a), (b) and (c) plotted as incident energy versus 
(αhʋ)2 by an extrapolating tangent line about the X-axis in Tauc plot [20] reveal in the Tauc plots for different 
stoichiometries of doped magnesium nanoferrites sample and we are found the energy band gaps 4.9, 5.0 and 5.1 eV 
respectively for prepared series with this concentrations (x = 0.4,  0.6 and 0.8) [21]. 
 

2.3.4 Magnetic Measurements 

The M-T curve (magnetization verses temperature) was plotted at different applied magnetic fields 50 Oe 500 Oe and 
1000 Oe in the Figure 5 (a), (b) and (c). At Room temperature (300 K) M-H (magnetization verses magnetic field) 
curve were plotted for prepared Cerium and Erbium doped magnesium ferrite MgCexEryFe2-x-yO4 nano powder and then 
plots M-H curve also for different temperature at 300 K, 100 K 20 K and 5 K. [22] by the plotted curve it seems to be 
typical S like hysteresis loops and very small values (near about zero) for coercivity and remanence values but there are 
magnetization very high at high applied field. [23] For prepared MgCexEryFe2-x-yO4 nanoparticles plotted M-H graph 
show that for applied 50 Oe magnetic field nanomaterial shows blocking temperature decrease with decrease 
concentration of Ce3+ and others curves shows that increase applied magnetic field blocking temperature decrease that 
exhibits superparamagnetism at room temperature (300K) and also remains in same state down to 150K temperature. 
[24]. The Ms (saturation magnetization) value can be estimate by the hysteresis loop study of our sample exhibits that if 
a temperature increase the value of Ms Decrease for same concentration of series and it is also exhibits by plotted graph 
that Ms Value also decrease by decrease Ce3+ doping concentration. The value of Ms estimated by M verses applied 
magnetic field graph to 1/H → 0 and the estimated values are listed in the Table 2. 

0 50 100 150 200 250 300

0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

0.0030

0.0035

0.0040

0.0045

0.0050

Magnetic Field 50Oe

M
o

m
e

n
t 
(e

m
u

)

Temperature (K)

 X=0.8

 X=0.6

 X=0.4

0 50 100 150 200 250 300

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

0.016

0.018

0.020

0.022

0.024
Magnetic Field 500 Oe

M
o

m
e

n
t 
(e

m
u

)

Temperature (K)

 X=0.8

 X=0.6

 X=0.4

0 50 100 150 200 250 300

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.045
Magnetic Field 1000 Oe

M
o

m
e

n
t 
(e

m
u

)

Temperature (K)

 X=0.8

 X=0.6

 X=0.4

 

Fig 5. The zero-field-cooled (ZFC) curves measured from T = 10 K to T = 300 K in MgCex EryFe2-x-yO4  nanoparticles 
at different applied magnetic fields of  (a) 50Oe,  (b) 500Oe  and (c) 1000Oe. 
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Table no. 02 : variation of magnetic moment with varying applied magnetic field. 
 

 

 

 
                  Source: These data collected by MPMS-3 SQUID Magnetometer 
 

It is clear from table 3 that the highest estimated value of magnetic moment is 0.05 emu at 5K temperature and for the 
prepared series X=0.4 Y=0.6 and by the combine study of study prepared series increasing with temperature of sample 
the values of Ms decrease and variation in Ms also reported with variation applied magnetic field the highest values 
reported in table 3 at 1000 Oe is 0.042 emu. If change the applied magnetic field for prepared sample Cerium and 
Erbium doped magnesium ferrite MgCexEryFe2-x-yO4 the time dependent effect exhibits and magnetic moment reorient 
and domain walls moves with two type of resonance. First one is spin and second is domain wall resonance. The spin 
rotate slowly is order of 107-108 s-1. It is representing that relaxation frequency does not provide critical damping. In 
ferrite a magnetic inert component introduce then it is magnetic dilution and also a cut off the magnetic circuit for the 
ferrite, so ferrite volume loading decreases result permeability is reduced. We can say the other reason is low volume 
composite materials have individual magnetic particle separation due to this magnetic pole of every particle generated 
the demagnetization field. Therefore a change in applied magnetic field its result is ferrite respond to magnetization 
relaxation as globus model [17]. 
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Fig 6. Hysteresis curve comparison for series at constant temperature (a) T=5K, (b) T=100K and (c) T=300K. 

        Table no.  03 : Magnetic moment values with increasing temperature in emu/gm units. 

S.No. Temperature(K) X=0.4 Y=0.6 
magnetic moment 
(µB) 

X=0.6 Y=0.4 
magnetic moment 
(µB) 

X=0.8 Y=0.2  
magnetic moment 
(µB) 

1 5 K 100 emu/gm 84 emu/gm 40 emu/gm 

2 20 K 70 emu/gm 60 emu/gm 30 emu/gm 

3 100 K 24 emu/gm 22 emu/gm 12 emu/gm 

4 300 K 8 emu/gm 7.6 emu/gm 10 emu/gm 

                 Source: These data collected by MPMS-3 SQUID Magnetometer 

 

S.No. Magnetic field Maximum value of magnetic moment   

1 50 Oe 0.0047 emu 
2 500 Oe 0.022 emu 
3 1000 Oe 0.042 emu 
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The saturation magnetization (Ms) of Mg–Fe ferrite materials was calculated by the prepared hysteresis loop. The 
magnetic moment (nB) values in (μB) calculated by using below relation [25] 

nB  =  𝑀𝑤𝑡× 𝑀𝑠5585  

Here, Mwt represent molecular weight. Magnetic moments for variation with temperature listed in Table 5. 

Table no.  04 : Magnetic moment values with increasing temperature in µB units. 
S.No. Temperature(

K) 
X=0.4 Y=0.6  

magnetic  moment 
(nB) 

X=0.6 Y=0.4  
magnetic  

moment (nB) 

X=0.8 Y=0.2 
magnetic  

moment (nB) 
1 5 K 5.38 4.52 2.15 

2 20 K 3.76 3.23 1.61 
3 100 K 1.29 1.18 0.64 
4 300 K 0.43 0.41 0.54 

                 Source: These data collected by MPMS-3 SQUID Magnetometer 

Highest value of saturation magnetization value is 100 emu/gm for sample X=0.4 Y=0.6 at 5K temperature 
corresponding magnetization value 55000 G the value of magnetic susceptibility (χ) calculate by this formula 𝜒 = 𝐵𝐻 

The value fined of χ is 0.00023057 and corresponding magnetic permeability (µ) obtain 1.002898 it has been exhibits 
that increase the doping and temperature too µ increase. [17] 
The different parameters such as maximum magnetic moment are presented in Table 3 and 4 in different units. By the 
present study it is seems to be magnetic properties altered by Ce3+ and Er3+ doped Magnisium ferrite and By the study 
of magnetic properties the saturation magnetization values increased by the adding of Ce3+ and Er3+ doping this result 
reported in Rezlescu et al. [26] Lanthanides Ce3+ and Er3+ doped Mg ferrite have higher values of saturation 
magnetization in comparison of without doping ferrite this similar results presented by Liu et al. [27] and if increases 
temperature paramagnetic behavior exhibits and increasing  Ce3+  concentration also behave turn into ferromagnetic to 
paramagnetic properties.  These above graphs are plotted at constant temperature 5K 20K 100K and 300K these curves 
shows that the slope of curve decreases as increase temperature and represent lower values for prepared series 
X=0.8,Y=0.2 that mean ferromagnetic properties of material is converting into paramagnetic properties and growth of 
domain is also decreases.   
 
Conclusions: 

The MgCexEryFe2-x-yO4 lanthanide doped nanparticles was prepared successfully by using sol-gel root by the 
concentration of series X=0.4, 0.6, 0.8 and Y=0.6, 0.4, 0.2 respectively. The structural properties of spinel ferrites 

depend on mainly method of preparation. The prepared single phase crystallite structure nanomaterial series have 
average size obtained 1.31 - 2.75 nm was confirmed by X-ray diffraction results and also provides supported result for 
SEM. It is exhibit that the lattice parameter decrease with decreasing concentration of Ce3+  and Er3+ ions it is due to 
large ionic radius of Ce3+ (1.15 Å) and Er3+ (1.03 Å) in compare of host cation i.e., Mg2+ (0.86 Å) and Fe3+ (0.69 Å). 
There is also decrees lattice parameter for prepared Ce3+ and Er3+ doped magnesium ferrite with increase Er3+ or 
decrease Ce3+ ions numbers and the reason of this grater radius of Ce3+ ions as compare to Er3+ ions. By UV-Vis study 
optical band gap energy lies between 4.9 to 5.1 eV for prepared series for different lanthanide doping concentration. 
Magnetic permeability (µ) values obtain 1.002898 and it is slightly varies with doping concentration. The desired 
synthesized nanoferrites results are very useful many areas in planer antenna and technological instrumentions like soft 
magnets, microwave devices, remote sensing and magnetic fluids for hyperthermia. 
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