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Abstract: Nanocrystalline Mn substituted CuFe2O4 nanoparticles (MCFNPs) were synthesized using urea and egg 

white. The effects of heat treatment on crystal structure and magnetic properties have been studied using X-ray 

diffractometer (XRD) and Vibrating Sample Magnetometer (VSM). The single-phase cubic spinel structure of as 

synthesized MCFNPs was recognized from XRD profile. There are some impurity peaks in the annealed samples, 

which are the decomposition of the ferrites at higher annealing temperatures to the α-Fe2O3 phase. The crystallite 

size and Lattice parameter of the samples increases with annealing temperature. The crystallite sizes of the 

MCFNPs were found in the range ~10 to 55 nm. The morphology and particle size of the sample (annealed at 900 

℃) have been recorded through SEM and TEM. The secondary non-magnetic impurity phase influences the 

magnetic nature of the samples. The saturation magnetization (Ms) decreases at a temperature of 600 ℃ due to 

the presence of non-magnetic α-Fe2O3 phase. The surface / near-surface chemical states of the 900 °C annealed 

MCFNPs were analyzed using XPS within a range of 0-1000eV binding energies. 

 

Keywords: Nanomaterials, Chemical synthesis, Structural analysis, Magnetic properties, X-ray photoelectron 

spectroscopy. 

 

1. Introduction 

Spinel ferrite is of particular interest due to its 

potential use in a variety of fields, from scientific and 

electronic applications to sindustrial applications [1]. 

Fine magnetic particles are now the subject of study 

due to their many technical applications. One of the 

most interesting uses of magnetic materials is 

treatment with hyperthermia, which is known to be an 

alternative treatment for chemotherapy, radiotherapy 

and surgery in cancer therapy [2]. The structure, size 

and morphology are related to the conditions of 

preparation and strongly determine the properties of 

MnFe2O4. The preparation of NiFe2O4, MnFe2O4, Ni 

and Zn ferrites has been reported by several groups [3-

5]. Because of its excellent magnetic properties, along 

with electrical and semiconducting properties, many 

researchers are interested in studying the various 

physical properties of CuFe2O4 [6]. The magnetic 

activity of CuFe2O4 has attracted a great deal of interest 

and has been the subject of extensive studies. 

Recently, using a sonication method, M.A.S. Amulys et 

al., [7] synthesized nanostructured spinel MnFe2O4 with 

different grain sizes ranging from 16 to 24 nm and 

studied their photocatalytic activities. H. B. Desai et al., 

[8] reported MnFe2O4 with an auto combustion process 

of 40 nm grain size for photocatalytic applications. S. V. 

Bhandare, et al., [9] prepared MnFe2O4 nanoparticles 

by sol gel combustion synthesis and analyzed their 

magnetic properties for different annealing 

temperature. For the synthesis of magnetic 

nanoparticles, many methods have been developed, 

including thermal decomposition, co-precipitation, 

polyol, reverse microemulsion, microwave combustion, 

and combustion methods [10]. The combustion method 

is a very successful and promising technique among 

the preparation methods, because the particles 

produced by this method are pure and uniform with a 

limited distribution of sizes. In this research, a simple 

urea and egg white assisted combustion method was 

favored over the synthesis of Mn substituted CuFe2O4 

nanoparticles. The goal was to research the effects of 

heat treatment on the size of the particles and magnetic 

properties of the CuFe2O4 nanoparticles substituted by 

Mn. The thorough investigation of the properties 
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impacted by the size is analyzed and the findings are 

summarized. 

 

2. Experimental methods  

2.1 Synthesis 

Mn substituted CuFe2O4 nanoparticles have 

been prepared by urea and egg white assisted 

combustion method. In this present work, Urea and egg 

white were used as a fuel to prepare nanoparticles in 

combustion process. Analytical grade (Merck) Mn 

(NO3)26H2O, Cu(NO3)26H2O, Fe (NO3)39H2O were used 

as raw materials to prepare Mn-CuFe2O4 nanoparticles.  

These materials are taken at appreciable molar 

concentrations to maintain stoichiometric as 1:2. The 

solutions of precursors are mixed with 50 ml of egg 

white solution which is acting as a chelating agent. This 

solution mixture was thoroughly stirred for 1 h. The 

mixed solution was further stirred under heating at 

100°C using magnetic stirrer until to get desired final 

ferrite powder. The procedure has been repeated with 

50% of urea instead of egg white solution. The ferrite 

powder obtained was milled into a fine powder in an 

agate mortar and a part of the powder was heat treated 

in the air at 600 °C and at 900 °C. 

 

2.2 Characterization techniques 

The list of characterizations and instruments 

details are given in table 1. 

 

3. Results and discussion 

Structure evaluation of the nanocrystallized 

products of MCFNPs synthesized using urea and egg 

white annealed at 600°C and 900°C was performed by 

XRD and the diffraction spectra is presented in Fig. 1a 

& Fig.2a. All the diffraction peaks observed were 

indexed by the JCPDS card indicating that the products 

of the MCFNPs are the cubic spinel structure. The 

appearance of secondary impurity peaks from the 

spectrum XRD indicates that the α-Fe2O3 phase was 

decomposed at 600 °C [11-13]. The intensity of the 

secondary peaks slowly vanished at a higher 

temperature of 900 °C. The diffraction peaks become 

narrower and sharper, indicating an improvement in 

particle size and crystallinity after annealing. The 

average crystallite size of the products was determined 

using the formula Debye-Scherer (t=0.9λ/β cos θ). The 

lattice constant (a) was determined from the XRD 

profile using the formula a2= d2/ (h2 + k2 + l2). The 

crystalline size (t) and the lattice constant (a) of the 

products are shown in Table 2. The crystalline sizes of 

the MCFNPs samples are located in the range 9.4 to 

46.6 nm for urea-assisted synthesis and 14.9 to 54.8 

nm for egg white induced synthesis. Typical external 

morphologies of the 900 °C annealed MCFNP samples 

recorded by SEM are shown in Fig.1b and 2b. The 

morphology of the samples (Fig. 1b and 2b) of 

MCFNPs has irregular and spherical shaped particles 

with a slight agglomeration, which may have the effect 

of replacement of Mn, defects and also the effect of 

annealing [12]. As shown in Fig.1c and Fig2c, the 

transmission electron microscope (TEM) examined the 

microstructure and particle size of the 900°C annealed 

MCFNPs samples. The microstructure, size and shape 

of the products identified by the SEM morphologies can 

be clearly confirmed. 

Due to comparatively higher temperatures and 

interactions between magnetic nanoparticles, 

agglomeration can be understood at higher 

temperatures. There is also an inevitable grade of 

agglomeration at higher temperatures [12]. The particle 

sizes of the MCFNPs are compatible with the XRD 

research findings. At the top right of the Figs. 1c & 2c, 

the corresponding selected area electron diffraction 

(SAED) pattern of MCFNPs are shown. The 

superimpositions of the bright spots demonstrate with 

equal lattice arrangement the strong crystalline 

existence of the samples. 

 

 

Table 1 Characterization/instrument details 

Crystal properties Techniques Instrument model 

Structural analysis X-Ray Diffraction Phillip’s X’pert–PRO with a target CuKα1 (λ = 1.5406 Å) 

Morphology Scanning Electron Microscopy JEOL JSM-6610L at 20 kV 

Microstructure Transmission Electron Microscopy Technai G20-stwin at 200 kV 

Magnetic properties Vibrating Sample Magnetometer Lakeshore VSM 7410 

Chemical states X-ray Photoelectron Spectroscopy  PHI 5000 VersaProbe III 
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Figure 1 Shows structural and magnetic analysis of MCFNPs prepared using urea 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 shows structural and magnetic analysis of MCFNPs using egg white. 

 

 

 

 

 

 

 

 

F 

 

 

 

Table 2 Structural and magnetic parameters of MCFNPs using urea and egg white 

 

Crystal parameters 

MCFNPs using Urea MCFNPs using Egg white 

as-burnt 600 ℃ 900 ℃ as-prepared 600 ℃ 900 ℃ 

Crystallite size (t) nm 9.4 16.3 46.6 14.9 27.1 54.8 

Lattice constant (a) Å 8.41 8.42 8.43 8.38 8.39 8.41 

Saturation magnetization (Ms) emu/g 63.87 19.85 29.12 42.6 20.7 27.8 

Coercivity (Hc) G 120.2 236.9 151.4 110.5 308.5 98.2 

50 nm 

 50 nm 
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Figure 3 XPS spectrum of MCFNPs prepared using 

urea assisted synthesis method 

Figure 4 XPS spectrum of MCFNPs prepared using 

egg white mediated synthesis method 

Fig. 1d & Fig.2d displays room temperature 

magnetic measurements by vibrating sample 

magnetometer (VSM) of MCFNPs prepared using urea 

and egg white induced combustion synthesis. Basic 

magnetic parameters such as saturation magnetization 

(Ms) and coercivity (Hc) of as-synthesized and 

annealed at different temperatures (600 ° C and 900 ° 

C) of MCFNP are shown in Table 2. The size of the 

particle and the purity of the phase have a significant 

role to play in the magnetic parameters. From the 

findings of XRD, the size of the particles increases with 

an increase in annealing procedure. Generally, the 

saturation magnetization of spinel ferrite nanoparticles 

increases with a rise in size due to the effect of heat 

treatment. Due to the presence of secondary phase 

(non-magnetic) at higher annealing temperature, 

magnetization decreases at 600 °C.  At 900 °C, the 

saturation magnetization of the annealed MCFNPs is 

higher than that of 600 °C, which may be the particle 

size, and the secondary peaks of the products may 

vanish [12]. The higher coercive values of the 600 ° C 

annealed MCFNPs using urea and egg white are 236.9 

G and 308.5 G, which may be attributed to the 

difference in the anisotropic field of the ions present in 

the sample by thermal annealing. 

Fig. 1d & Fig.2d displays room temperature 

magnetic measurements by vibrating sample 

magnetometer (VSM) of MCFNPs prepared using urea 

and egg white induced combustion synthesis. Basic 

magnetic parameters such as saturation magnetization 

(Ms) and coercivity (Hc) of as-synthesized and 

annealed at different temperatures (600 ° C and 900 ° 

C) of MCFNP are shown in Table 2. The size of the 

particle and the purity of the phase have a significant 

role to play in the magnetic parameters. From the 

findings of XRD, the size of the particles increases with 

an increase in annealing procedure. Generally, the 

saturation magnetization of spinel ferrite nanoparticles 

increases with a rise in size due to the effect of heat 

treatment. Due to the presence of secondary phase 

(non-magnetic) at higher annealing temperature, 

magnetization decreases at 600 °C.  At 900 °C, the 

saturation magnetization of the annealed MCFNPs is 

higher than that of 600 °C, which may be the particle 

size, and the secondary peaks of the products may 

vanish [12,14,15]. The higher coercive values of the 

600 ° C annealed MCFNPs using urea and egg white 

are 236.9 G and 308.5 G, which may be attributed to 

the difference in the anisotropic field of the ions present 

in the sample by thermal annealing. 

 

4. Conclusion 

The structural, magnetic and surface chemical 

state analysis of MCFNPs prepared by using urea and 

egg white were investigated. The heat treatment effects 

on particle size and phase purity of the MCFNPs were 
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documented. The existence of secondary impurity 

phase, due to the decomposition of MCFNPs at higher 

annealing temperature recorded using XRD profiles. 

Spherical shaped agglomerated magnetic 

nanoparticles in the range of 40 to 50 nm examined 

through TEM. The decrement of secondary (non-

magnetic) phase at higher annealing (900℃) 

temperature leads to the better magnetization than the 

sample annealed 600 ℃ is evident that the magnetic 

parameters influenced more by the phase purity of the 

products.  The binding energies of presented elements 

were labeled from XPS spectra, which clearly show the 

surface chemical states of MCFNPs. 
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