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Abstract: 

In this work, magnesium copper spinel ferrite  (𝐶𝑢𝑥𝑀𝑔1−𝑥𝐹𝑒2𝑂4:𝑥 =
0.0,0.1,0.3,0.5,0.7,0.9) nano-composites were prepared successfully by the sol-gel 

method.𝐌𝐠(𝐍𝐎𝟑)𝟐. 𝟔𝐇𝟐𝐎, 𝐅𝐞(𝐍𝐎𝟑)𝟑.𝟗𝐇𝟐𝐎 and Cu(NO3)2 3(H2O) were used as 

the source of divalent (Mg2+ and Co2+) and trivalent (Fe3+) cations, respectively and 

urea were used as the reducing agent.  The effect of 𝐶𝑢+2 ion on magnetic and 

structural properties of ferrite 𝐶𝑢𝑥𝑀𝑔1−𝑥𝐹𝑒2𝑂4 nano-composite were investigated. 

The test methods obtained by XRD, SEM, TEM, EDX, FT-IR spectroscopy and 

VSM. The results showed that the final products consist spinel phase (Fd3m (227)) 

cubic with particles similar sphere nano-particles. Also observed that the increase 

doping of 𝐶𝑢+2 concentration it has big effect on the (Ms) of the Cux Mg1−x Fe2O4 

spinel ferrite nano-particles. The Magnetic properties of Cux Mg1−x Fe2O4 spinel 

ferrite where (x=0.0,0.1,0.3,0.5,0.7,0.9) was studied at room-temperature  this was 
done by measuring (M-H hysteresis loop curves). Also all samples have been soft 

magnetic properties that is dependent of (Cu-Mg) content. 

Keywords: Spinel ferrite, Nanoparticles, sol-gel technolog, , XRD, SEM, TEM, 

EDX, FT-IR spectroscopy and VSM. 

 

Introduction: 
In recent years, all applications of nonmagnetic 

materials have been achieved for is due to reason 

have unique properties [1-5]. So spinel ferrites have 

been introduced in many applicationsRecently, 

spherical fractions have been introduced in many 

applications, including their use in attenuating 

microwave within different ranges [6,7].One of the 

characteristics of magnetic materials is their 

permanent magnetism, which can be classified into 

three types depending on the structural properties is 

the (soft ferrite, garnet ferrite and hard ferrite) 

[8,9].Magnetic materials are used mainly in many 

applications, including (magnetic tubes and core 

transformers, insulating, and generators) [10-11]. 

Cu-Mg Ferrites Nonmagnetic materials are also used 

as good filters in resonance imaging as well as in 

medicine and in many other uses,because of the high 

magnetic susceptibility used in a wide range of 

frequencies cost effective, electrical resistance, and 

good environ-ments stability [12-14]. 

    The only effective way scientists have used to 

change magnetic properties is to substituted 

transition metal (Cr, Zn, Mn and Mg, etc.) to spinel 

ferrite. Also doping the magnetic 𝐶𝑢+2 , 𝑀𝑛+2, 𝑒𝑡𝑐. 

In spinel ferrite this is change chemical properties, 

Structural and Magnetic Properties of Magnetic 

Spinel Ferrite (Cux Mg1−xFe2O4) 0.0 ≤ x ≤ 0.9 

Nano-Particles 
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this means mainly the distribution of both divalent 

and trivalent cations between (tetrahedral –A , 

octahedral –B) sites[15-17]. 

One of the effective ways to control of the internal 

microstructure of the ferrite obtained nano-particles 

form, particle size and porosity, etc.  

 

2. Experimental  

2.1. Materials and methods 

       All chemicals used in this study were obtained 

from the Indian company Maersk and were used 

without any further modification.Magnesium nitrate, 

copper nitrate, iron nitrate and urea were used in this 

study as fuel for agent. The samples were prepared 

by adding different molar concentrations of copper 

ion (𝐶𝑢𝑥𝑀𝑔1−𝑥𝐹𝑒2𝑂4:𝑥 = 0.0,0.1,0.3,0.5,0.7,0.9) 

to 𝑀𝑔𝐹𝑒2𝑂4. In this case of 𝑀𝑔𝐹𝑒2𝑂4 ,the reaction 

mixture was taken from the corresponding solutions 

in a silica mold. The mixture was treated at 600 ° C 

for 2 hours at 5 ° C/min, After the solution becomes 

solid and the self-combustion process is completed, 

the resulting solution is washed with water and dried 

at a temperature 50℃ for an hour. 

       The samples prepared of 

(𝐶𝑢𝑥𝑀𝑔1−𝑥𝐹𝑒2𝑂4:𝑥 = 0.0,0.1,0.3,0.5,0.7,0.9) 

ferrite were taken following shape 

MgFe2O4,Cu0.1Mg0.9Fe2O4,Cu0.3Mg0.9Fe2O4,

Cu0.5Mg0.5Fe2O4,Cu0.7Mg0.3Fe2O4 

,Cu0.9Mg0.1Fe2O4, respectively and the interaction 

can be written as follows; 

Mg(NO3)2. 6H2O S + 2Fe(NO3)3. 9H2O S 

+ 6.66CO(NH2)2 S   ⟶ 

MgFe2O4(S) + 37.33H2O  g ↑ +6.66CO2(g) ↑

 +10.66N2 (g)↑ 

 

2.2 Techniques 

     structural properties of (𝐶𝑢𝑥𝑀𝑔1−𝑥𝐹𝑒2𝑂4:𝑥 =

0.0,0.1,0.3,0.5,0.7,0.9) ferrite nano particle samples 

were performed using a shimadzu XRD-6000 with 

𝐶𝑢 – 𝐾𝛼1 radiation and                            𝜆 =

1.5405 𝐴° 𝑎𝑡 40𝑘𝑉 𝑎𝑛𝑑 30𝑚𝐴. Structural 

refinments using the rietveld method were using 

PDXL program, also and both refined lattice 

parameters and crystalline size of the obtained 

ferrites were reported. The surface functional groups 

were analyzed by thermal (FT-IR) spectrometer. The 

samples were incorporated in KBr pellets for the 

measurements. Morpholo-gical studies and (EDX) 

analysis have been performed with a Joel JSM-6360 

high-resolution (SEM). Measurements of (TEM) 

have been performed by Philips TEM (CM20). UV-

Visible spectrum of the diffuse reflectance using 

Cary -NIR UV-visible spectro-photometerto 

estimate band gap energy (Eg). Magnetic properties 

measurement at room temperature using a vibra-ting 

sample magneto-meter (VSM) model (PMC Micro-

Mag 3900 equipped with 1 T magnet). 

 

3. Results and discussion 

3.1 Scanning electron microscope (SEM) and 

(EDX) measurements 

Figure.1 showed the Scanning electron microscope 

(SEM) image and (EDX) analyses of 

(𝐶𝑢𝑥𝑀𝑔1−𝑥𝐹𝑒2𝑂4:𝑥 0.0,0.1,0.3,0.5,0.7,0.9) spinel 

ferrite nano-particle. (Figure. 1 a, b and c) shows a 

picture of the pure sample 

MgFe2O4,Cu0.7Mg0.3Fe2O4 and Cu0.9Mg0.1Fe2O4 

nano-particle , respectively. Also observed the array 

of magnetic nano-particles has been formed with 

microstructure features like to spherecal 

geometry.Because of magnetic dipole interactions 

between the ferrite particles,the bloc also saw to 

some extent. Average size of diameter particles of 

the spectra of pure MgFe2O4,Cu0.7Mg0.3Fe2O4 and 

Cu0.9Mg0.1Fe2O4 nano-particle in the range 19nm-

25nm as shown in (Fig.1(d,e and f). EDX spectra 

confirmed the purity of the product as well as the 

presence of iron, copper, oxygen and magnesium. 
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Figure.1 SEM image of CuxMg1−x Fe2O4:x=0.0,0.7,0.9 spinel ferrite  are a,b,c respectively and EDX 

analysis of CuxMg1−x Fe2O4:x=0.0,0.7,0.9  are d, e, f respectively. 

 

3.2 X-ray Powder Analysis 

The structural properties of ferrite powder were 

investigating by the XRD patterns. Figure.2, 

explained the XRD patterns of 

MgFe2O4,Cu0.7Mg0.3Fe2O4 and Cu0.9Mg0.1Fe2O4 

ferrite nano-particle and also showed that the spinel 

ferrite phase forms and is cubic. Structure.Rietveld 

refinement was used to determine all spectra and 

lattice parameters. And also we note that the hkl 

values match exactly with (JCPDS Card Number.71-

1233 for MgFe2O4 samples without any impurities 

and all samples exhibit single phase with Fd3m 

group [18,19]. 

les exhibit single phase with Fd3m group [34,35]. 
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Figure .2 XRD patterns of  𝐶𝑢𝑥𝑀𝑔1−𝑥𝐹𝑒2𝑂4: 𝑥 0.0,0.1,0.3,0.5,0.7,0.9) spinel ferrite samples

  The particle size of 

(𝐶𝑢𝑥𝑀𝑔1−𝑥𝐹𝑒2𝑂4:𝑥 0.0,0.1,0.3,0.5,0.7,0.9) spinel 

ferrite nano-particle calculated by Debye Scherer’s 

equation and found for un doped  MgFe2O4 

.However, the increase 𝐶𝑢+2 concentration that is 

led to decrease the particle size from 20.3 -16.59nm 

Because increasing the concentration of 

nanoparticles within the material increases its 

particle size and thus has good properties.

 
Figure.3 Rietveld refinement XRD method of CuxMg1−xFe2O4, a(x=0.0) and b(x=0.9) 
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The Rietveld analyses and (XRD) analyses as shown 

in figure in (Fig.3). The Particle size and refined 

structural coefficients for all samples were shownin 

Table.1, Figure.4.The lattice coefficient value   was 

obtained for undoped  of 𝐌𝐠𝐅𝐞𝟐𝐎𝟒 =8.303𝑨° this 

value is not fixed but is increasing from 8.309 -8.331 

With increased of copper ion content (0.1 to 0.7) 

thus corresponds with the vegards law [36].The 

smaller increasing in lattice coefficient is due to 

replacement of the smaller manganese ion radius 

(0.64 𝑨°) by the larger ionic radius (𝑪𝒖+𝟐 , 𝟎.𝟕𝟎 𝑨° 

) in the system (𝑪𝒖𝒙𝑴𝒈𝟏−𝒙𝑭𝒆𝟐𝑶𝟒 spinel ferrite) 

[20,21].

 

Table.1: Lattice parameter and crystallite size (Scherer formula, Rietveld analysis) of spinel 

ferrite𝐶𝑢𝑥𝑀𝑔1−𝑥𝐹𝑒2𝑂4 𝑥 = 0.0,0.1,0.3,0.5,0.7,0.9) 

 

 

Samples 

 

Lattice parameters 

(Å) 

Rietveld analysis 

Crystallite size(nm) 

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

Scherer                        Rietveld            

Formula                       analysis 

𝐌𝐠𝐅𝐞𝟐𝐎𝟒 

𝐂𝐮𝟎.𝟏𝐌𝐠𝟎.𝟗𝐅𝐞𝟐𝐎𝟒 

𝐂𝐮𝟎.𝟑𝐌𝐠𝟎.𝟕𝐅𝐞𝟐𝐎𝟒 

𝐂𝐮𝟎.𝟓𝐌𝐠𝟎.𝟓𝐅𝐞𝟐𝐎𝟒 

𝐂𝐮𝟎.𝟕𝐌𝐠𝟎.𝟑𝐅𝐞𝟐𝐎𝟒 

𝐂𝐮𝟎.𝟗𝐌𝐠𝟎.𝟏𝐅𝐞𝟐𝐎𝟒 

8.403 

8.409 

8.413 

8.421 

8.429 

8.431 

21.23 

  20.43 

  19.68 

  15.59 

  16.54 

  18.69 
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Figure.4 lattice parameter and crystallite size of of spinel 

ferrite𝐶𝑢𝑥𝑀𝑔1−𝑥𝐹𝑒2𝑂4 𝑥 = 0.0,0.1,0.3,0.5,0.7,0.9) nano-particles 
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3.3 (TEM) and (SAED) Analysis

 
 

Figure.5 show the TEM images of CuxMg1−xFe2O4, a,c,and c (x=0.0,0.7,0.9) samples, respectively and 

(SAED) of  CuxMg1−x Fe2O4, b,d and f (x=0.0,0.7,0.9) samples, respectively

Transmission electron Microscope (TEM) They 

were used to showed morphologyof 

𝐶𝑢𝑥𝑀𝑔1−𝑥𝐹𝑒2𝑂4 spinel ferrite nano-particles (Fig.5 

a,c and e ) showed that the (TEM) picture  of the 

pure sample MgFe2O4,Cu0.7Mg0.3Fe2O4 and 

Cu0.9Mg0.1Fe2O4 spinel ferrite nano-particle , 

respectively with the particle size 24nm .(Fig.5 b,d 

and f ) showed the (SAED) patterns of the pure 

sample MgFe2O4,Cu0.7Mg0.3Fe2O4 and 

Cu0.9Mg0.1Fe2O4 spinel ferrite nano-particle 

,respectively, confirm  the crystalline nature of 

nanoparticles with a high purity. 
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 3.4 (FT-IR) spectroscopy analysis 

 
Figure.6 FT-IR  spectra of spinel ferrite CuxMg1−xFe2O4 (x=0.0,0.1,0.3,0.5,0.7,0.9) nanoparticles 

 

We used the measurement(FT-IR) to check for 

functional groups of the samples (FT-R) spectra 

bands observed.(Fig.6) showed that the spectrum of 

(FT-IR) of  CuxMg1−xFe2O4 spinel ferrite where 

(x=0.0,0.1,0.3,0.5,0.7,0.9) . FT-IR spectra indicated 

that the  spinel ferrite magnetic nano-particles spinel 

cubic structure  , this is due to the peaks can be 

observed at the frequency range from (430𝑐𝑚−1 - 

830𝑐𝑚−1) bonds at (tetrahedral(A) ,octahedral (B) 

sites) , respectively,Well we can say that the (FT-IR) 

results were good  compatible with (Rietveld 

analysis and XRD analysis. 

3.6 Magnetic Properties 

        The Magnetic properties of CuxMg1−xFe2O4 

spinel ferrite where (x=0.0,0.1,0.3,0.5,0.7,0.9) was 

studied at room-temperature  this was done by 

measuring (M-H hysteresis loop curves) shown in 

(Fig.7). Also all samples has soft magnetic 

properties that is dependent of (Cu-Mg) content 

.And also observed from (M-H hysteresis loop 

curves) that the content of 𝐶𝑢+2 ions increase, also 

both (Ms and Mr) (saturation magnetization and 

coactivity values) increased. As shown in (Table.2, 

Figure.8), This is due to the 𝐶𝑢+2 ions was have 

better magnetic properties 3𝜇𝐵  that is substitute zero 

magnetic properties of  𝑀𝑔+2 ions -

0𝜇𝐵[22,23].Where it is known that the  

magnetization is determined by (A and B) sites, 

there is equal (M=MB − MA ). 

 

Table 2. Variation of coercivity (Hc), remanant magnetization (Mr) and saturation magnetization 

(Ms) of spinel ferrite𝐶𝑢𝑥𝑀𝑔1−𝑥𝐹𝑒2𝑂4 𝑥 = 0.0,0.1,0.3,0.5,0.7,0.9) 

Samples Hc(Oe) Mr(emu/g) Ms(emu/g) 

𝐌𝐠𝐅𝐞𝟐𝐎𝟒 

𝐂𝐮𝟎.𝟏𝐌𝐠𝟎.𝟗𝐅𝐞𝟐𝐎𝟒 

𝐂𝐮𝟎.𝟑𝐌𝐠𝟎.𝟕𝐅𝐞𝟐𝐎𝟒 

𝐂𝐮𝟎.𝟓𝐌𝐠𝟎.𝟓𝐅𝐞𝟐𝐎𝟒 

𝐂𝐮𝟎.𝟕𝐌𝐠𝟎.𝟑𝐅𝐞𝟐𝐎𝟒 

𝐂𝐮𝟎.𝟗𝐌𝐠𝟎.𝟏𝐅𝐞𝟐𝐎𝟒 

 

 

95.70 

96.20 

96.66 

98.40 

98.30 

99.14 

1.53 

3.14 

6.73 

7.68 

8.87 

9.65 

3.784 

8.654 

23.76 

36.65 

50.14 

63.43 
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Figure.7 The hysteresis loop of  spinel ferrite CuxMg1−xFe2O4 (x=0.0,0.1,0.3,0.5,0.7,0.9) nanoparticles 
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Figure.8 The Saturation magnetization (Ms) of of  spinel ferrite CuxMg1−x Fe2O4 (x=0.0,0.1,0.3,0.5,0.7,0.9) 

nanoparticle 

 

Conclusions and Recommendations  

CuxMg1−x Fe2O4 spinel ferrite where 

(x=0.0,0.1,0.3,0.5,0.7,0.9) nano-particles were 

successfully synthesized by the sol-gel technology. 

The effect of 𝐶𝑢+2 ion on (Magnetic and structural 

properties of ferrite 𝐶𝑢𝑥𝑀𝑔1−𝑥𝐹𝑒2𝑂4 nano-

composite were investigated. Structural, 

morphological properties , magnetic, element 
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composition ,and functional group were studied by 

the (XRD,SEM,TEM,VSM,EDX,and FT-IR.The 

magnetic characterization of CuxMg1−xFe2O4 

(x=0.0,0.1,0.3,0.5,0.7,0.9) nano-particles were 

studied and found that the spinel ferrite 

CuxMg1−x Fe2O4 (0.0 ≤ 𝑥 ≤ 0.9) nano-particles 

have been smaller hysteresis loop . And also we note 

that the hkl values match exactly with (JCPDS Card 

Number.71-1233 for MgFe2O4 samples without any 

impurities and all samples exhibit single phase with 

Fd-3m space group. The Magnetic properties of 

CuxMg1−x Fe2O4 spinel ferrite where 

(x=0.0,0.1,0.3,0.5,0.7,0.9) was studied at room-

temperature  this was done by measuring (M-H 

hysteresis loop curves). Also all samples have been 

soft magnetic properties that is dependent of (Cu-

Mg) content. 
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