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ABSTRACT 

In this current work, the numerous goals are to urge prepared NiFe2O4 and Mg NiFe2O4 mineral primary solid 

solution nanoparticles through a basic, practical, and greener methodology and to boot do a nitty gritty 

characterization of NiFe2O4 and MgNiFe2O4 mineral primary solid solution nanoparticles. Along these lines, NiFe2O4 

and Mg NiFe2O4 nanoparticles were prepared by an organic compound interceded sol-gel ignition strategy. 
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INTRODUCTION 

The nanoparticles embody the particles having size between one and one hundred nm. These particles have totally 

different properties at their atomic level because of their size. This modification in properties of nanoparticles is 

helpful in several fields. Engineering is one amongst the foremost fascinating fields for researchers since the last 

century. Numbers of developments are created since then within the field of engineering. Nanoparticles will be 

classified as metal nanoparticles, non-metal ceramic nanoparticles and semiconductor nanoparticles. Nanoparticles 

have those chemical and physical properties that make them terribly totally different from that of the corresponding 

bulk materials because of their tiny size and enormous surface to volume quantitative relation. They attract abundant 

attention as a result of their potential applications in several fields together with optics, electrics, magnetism, 

ceramics, and chemical change. 

Spinel solid solution nanoparticles have received an excellent potential within the wide selection of applications like 

data storage, electronic devices to medical specialty, drug delivery, super capacitors, anode materials for lithium ion 

batteries, and microwave and radar absorbing material. Nickel solid solution (NiFe2O4) is one amongst the vital 

candidates among the mineral solid solution family as a result of its application in microwave, electronic, magnetic, 

and chemistry devices.  
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It exhibits an occasional coercivity, eddy and physical phenomenon loss; so, it's helpful for electronic devices like 

telecommunications and high frequency devices. Nickel and metallic element solid solution is extensively used in 

variety of electronic devices because of their high porousness at high frequency, exceptional high electrical electric 

resistance, mechanical hardness, chemical stability and affordable cost [1]. NiFe2O4 may be a documented inverse 

mineral with Ni
2+

 at octahedral (B-site) and Fe
3+

 ions distributed equally in tetrahedral (A-site) and octahedral sites 

(B-site) [2]. Metallic element solid solution (MgFe2O4) is one amongst the foremost vital ferrites. It a boxy structure 

of traditional spinel type and may be a soft magnetic n-type conductor, that finds variety of applications in 

heterogeneous chemical change, adsorption, sensors, and in magnetic technologies [3]. Recently, nanostructures of 

magnetic materials have received a lot of and a lot of attention because of their novel material properties that area unit 

considerably totally different from those of their bulk counterparts. It's been additionally detected that the 

electromagnetic radiation absorption capability of mineral solid solution nanoparticles depends on its structural 

characteristics like crystallinity, particle size, ion distribution, morphology, dopant ions, etc., consequently, goodish 

efforts are dedicated to prepare mineral solid solution nanoparticles by numerous chemical synthesis techniques like 

co-precipitation, hydrothermal/solvothermal methodology, microwave assisted synthesis, micro emulsion 

methodology, sonochemical synthesis, sol-gel combustion methodology, etc. (Figure 1) [4]. 

Figure 1: Modified co-precipitation process effects on the structural and magnetic properties of Mn-doped 

nickel ferrite nanoparticles. 

Among numerous chemical synthesis approaches, the sol-gel combustion methodology has numerous blessings like a 

speedy synthesis approach, formation of high purity product, unvaried composition and stabilization of stability 

phases, low energy consumption, and an easy, economic, and ascendible synthesis methodology [5]. 

MATERIALS AND METHODS 

In this gift work, the foremost objective is to arrange MgNiFe2O4 mineral solid solution nanoparticles via an easy, 

efficient and greener approach and to additional perform a close investigation on the impact of size of MgNiFe2O4 

mineral solid solution nanoparticles. Therefore, MgNiFe2O4 nanoparticles were ready by organic compound from the 

microwave mediate combustion methodology. To the simplest of the authors data, this can be the primary report on 

the synthesis of MgNiFe2O4 nanoparticles by urea from the microwave mediate combustion methodology [6]. 

Experimental 

Synthesis of Magnesium doped nickel ferrite: Magnesium doped nickel ferrite was synthesized by sol-gel 

microwave auto-combustion technique using urea as fuel. Magnesium nitrate, Nickel nitrate, iron nitrate and urea  
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were weighed and mixed in double distilled water and mixed together [7]. The solution was stirred continuously and 

heated on magnetic stirrer at 80
°
C till a gel is obtained. The gel was then fired in a micro wave oven so that a floppy 

ash was obtained which then ground in a mortar pestle for four hours to get fine powder. This powder was then 

calcined at 800°C [8]. 

Synthesis of nickel ferrite: Nickel ferrite was synthesized by sol-gel microwave auto-combustion technique using 

urea as fuel [9]. Nickel nitrate, iron nitrate and urea were weighed and mixed in double distilled water and mixed 

together. The solution was stirred continuously and heated on magnetic stirrer at 80°C till a gel is obtained. The gel 

was then fired in a microwave oven so that a floppy ash was obtained which then ground in a mortar pestle for four 

hours to get fine powder [10]. This powder was then calcined at 800°C. 

RESULTS AND DISCUSSION 

XRD Analysis 

X-ray diffraction patterns of MgNiFe2O4 and NiFe2O4 one spinel ferrite nano particles are shown in Figures 2 and 3.

Figure 2: X-ray diffraction pattern of MgNiFe2O4. 

Figure 3: X-ray diffraction pattern of NiFe2O4. 
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The XRD patterns well match all the characteristic reflections of cubic spinel structure without any extra peaks 

therefore the structure is single phase from the survey of literature, we found that the goodness values of our Rietveld 

refined sample have the good agreement with the reported values in previous literature. Figure 1 and 2 shows the 

typical Rietveld refined of X-ray pattern for sample x=1, and one respectively [11-17].  

FTIR analysis 

Fourier Transform Infrared (FTIR) spectra of the samples were recorded in the frequency range 400-4000 cm
-1

 at 

room temperature and are shown in the Figure 4 [18-21]. Two absorption frequency bands v1 and v2 are the 

characteristic bands of the spinel ferrites corresponding to stretching vibration of metal cation (Me) –oxygen anion 

(O2-) bond in tetrahedral and octahedral sites. The stretching vibrations of higher frequency band, v1 corresponds to 

tetrahedral site and stretching vibrations of lower frequency band v2 corresponds to octahedral site. Broad absorption 

peak around 3435.22 (MgNiFe2O4), 3493.03 (NiFe2O4) cm
-1

 and somewhat less broad absorption peak around

1450.43 (MgNiFe2O4), 1514.12 (NiFe2O4) cm
-1

 in all the samples corresponds to stretching and bending vibration of

O-H interacting via H-bond expected due to absorbed water molecules on the surface (Figure 5) [22].

Figure 4: FTIR pattern of MgNiFe2O4. 
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Figure 5: FTIR pattern of NiFe2O4. 

CONCLUSION 

Magnesium substituted Nickel Ferrite, MgNiFe2O4 and MgNiFe2O4 were synthesized by sol-gel auto combustion 

technique with microwaves using urea as fuel. The super paramagnetic nanoparticles of size 11-23 nm was 

synthesized successfully by sol gel microwave assisted auto combustion method. The small coercivity and squareness 

ratio and non-saturation of the samples at even at high applied magnetic fields indicates that the most of the 

nanoparticles even if not all, are super paramagnetic in nature. The various properties of these nanoparticles studied 

indicates that they can be of potential applications use in many applied fields like MRI contrast agent, magnetic drug 

delivery and magnetic hyperthermia, data storage, sensors and catalysts. 
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