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Nano particle of Magnesium Zinc ferrite (Mg1-xZnxFe2O4, where x = 0, 0.1, 0.2, 0.3, 0.4 and 0.5) have 

been prepared using the standard ceramic technique and mechanical ball milling method. X-ray 

diffraction (XRD), (IR) spectra, and scanning electron microscope (SEM) examinations were carried out 

to characterize the prepared samples. Single phase cubic spinel structure with a ma n peak (311) at 2Ɵ = 

34o was observed for all studied samples. The crystallite size was found to be within the range 37–65 nm. 

From IR spectra, the absorption bands at 605 cm-1 (ν1) and 435 cm-1 (ν2) were observed and are assigned 

to tetrahedral (A site) and octahedral (B site) groups complex respectively. The morphological study 

which was performed using scanning electron microscopy (SEM) shows agglomerated grains with 

different shapes and sizes. The initial permeability was measured at different frequencies. The fast 

decrease in initial permeability µi at Tc is a good reason to be a very strong candidate for magnetic 

switch devices.  
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Introduction  

Nano-ferrites have a wide range of applications 

due to their novel features including structural, 

magnetic, electrical and optical properties [1, 2]. 

Among many various types of ferrite materials 

cubic spinel structure especially Mg-Zn ferrites, 

are very promising magnetic materials, which can 

be used in microwave devices, fuel cells, sensors, 

heterogeneous catalysis and biomedicine [3, 4]. 

Recently nano-ferrites showed some advantages in 

the magnetic properties such as, 

superparamagnetic which qualified their use in 

many modern technologies including magnetic 

fluids, magnetic refrigeration, drug and gene 

delivery [5-7]. 

 

Solid state reaction techniques, such as usual 

ceramic method and high-energy ball milling, were 

used to prepare ferrite materials but have limited 

ability to produce nanoscale particles [8]. In these 

techniques the raw material usually metals oxides, 

are well mixed and then calcined at high 

temperatures [9]. The physical properties of ferrite 

materials affected by the grain size, microstructure, 

preparation method and strongly influenced by the 

cation distribution of ions among the 

crystallographic sites of the spinel structure [10-

12].  

 

The mixed spinel ferrite Mg1-xZnxFe2O4 is 

expected to have a high magnetic moment and low 

canting angle at B-site [13]. 

 

The aim of the present study is to focus on the 

synthesis of Mg-Zn ferrite by two solid state 

reaction techniques and study the effect of the 

preparation method on the physical and structural 

properties of the studied samples. 
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Experimental Details 

Nano ferrite samples in the chemical formula Mg1-

xZnxFe2O4 (x=0.0, 0.1, 0.2, 0.3, 0.4 and 0.5) were 

synthesized using the standard ceramic technique 

and mechanical ball milling method. The initial 

raw metal oxides have been collected in 

stoichiometric ratios. First, all the initial raw metal 

oxides were well mixed in an agate mortar for 6 

hrs and then well mixed in a magnetic stiller using 

distilled water. All the mixed samples for all 

prepared ratios were dried in an oven at 100
o
C 

overnight. In the case of standard ceramic 

technique, the raw materials were ground very well 

for 7 hrs using agate mortar. Also, Nano-

crystalline Mg1-xZnxFe2O4 powders were obtained 

by mechanical ball milling. This method is not 

only suitable for preparation of nano-ferrite but 

also suited for the preparation of material with 

significant properties. The mechanical ball milling 

was performed in a horizontal oscillatory mill. The 

mixture ratio of steel balls and the powders was 

around 15:1 by weight. The powder was milled for 

around 90 hrs.  After that all the samples from both 

methods were preseintered at 800 K for 4 hrs and 

left to be cooled gradually to room temperature. 

All samples were ground again then pressed at 

room temperature into tablets and toroides for 

electrical and magnetic studies under pressure 5 

Tonn/cm
2
. The sample diameter was 1.5 cm for 

tablets and for toroides samples the external 

diameter 3 cm and internal diameter 2 cm. Then all 

samples were calcinided at 1100°C for 4 hrs.  

The prepared samples were characterized by X-ray 

diffraction model Philips model (PW-1729) 

diffractometer with Cu-Kα radiation source 

(λ=1.541178 ˚ A). Infrared (IR) spectra were 

carried out at room temperature using IR 

spectroscopy model (Perkin Elmer 1430). The 

grain size was determined from scanning electron 

microscope analysis (SEM) model (JSM-6360). 

ESR spectra were recorded for all samples using 

(JES-FE2XG Joel). The samples in the powder 

form were placed at the maximum magnetic field 

in the cavity of the ESR spectrometer. The 

magnetic properties were measured at room 

temperature using (VSM) operating system model 

(v 1.6 control software Oxford OX8JTL England).  

 

Results and Discussion 

X-ray diffraction analysis 

The X-ray diffraction patterns of the prepared Mg1-

xZnxFe2O4 (x=0.0, 0.1, 0.2, 0.3, 0.4 and 0.5) are  

shown in Figure (1-a) for the sample which was 

prepared by standard ceramic technique and Figure 

(1-b) for mechanical ball milling method.  The 

XRD patterns of all Mg-Zn ferrite samples after 

sintering at 1100°C indicate a single-phase cubic 

spinel structure with the main peak at (311). It was 

observed that the lattice parameters increase with 

increasing the zinc content (x) as shown in Table 

(1). This increase may be attributed to the larger 

Zn
2+ 

ionic radius than that of Mg
2+

 ionic radius. 

The increasing in the lattice parameters with Zn 

content obeys Vegard’s law [14]. Moreover, the 

crystallite sizes of the prepared samples were 

calculated using Scherer
’
s formula [15], 

considering only the factor of full width at half 

maximum which is the predominant factor.   

 

1

2

0.9

cos
t

h






                           (1) 

 

Where, 

 λ is the wavelength of Cu-Kα (λ = 1.540598 Å), 

  
 

  is the full width at half maximum (FWHM) in 

radian,  and Ɵ is the diffraction angle.  

 

The X-Ray diffraction patterns of the annealed 

samples at 1100°C for 4 hrs milled for 90 hrs 

indicate the absence of any peaks related to the raw 

oxides materials. The mechanisms of the formation 

the single-phase Mg-Zn ferrite in ball milling 

includes two stages [16]: 

 

                     Mgo + Fe2O3               MgFe2O4 

MgFe2O4 +ZnO + Fe2O3                    Mg1-xZnxFe2O4 

 

The XRD patterns show that the intensity of the 

diffraction peaks increases by increasing Zn 

content indicating that Zn ions acts as a catalyst for 

enhancing the solid-state reaction. 

The two patterns of materials prepared by ceramic 

and mechanical ball milling methods are nearly 

similar expect the branding of same diffraction 

peaks for samples prepared by mechanical ball 

milling method which leads to the formation of 

fine nano-particle at the range from (65 – 35 nm). 
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(a) 

 
(b) 

Figure (1): (a) XRD for Mg1-xZnxFe2O4 prepared by standard ceramic technique. 

(b) XRD for Mg1-xZnxFe2O4 prepared by mechanical ball milling method 

 

 
Table (1): The lattice constant and particle size determined from X-ray and grain size from SEM 

X content 
Lattice 

constant (a) 

D (nm) 

 

Grain size 

(μm) 

Lattice 

constant 

(a) 

D (nm) 

 

Grain size 

(μm) 

 ceramic Ball milling 

X = 0.1 8.254 44.122 0.986 8.332 43.11723 0.748 

X = 0.2 8.552 50.999 0.523 8.329 40.85474 0.756 

X = 0.3 8.407 40.290 1.12 8.324 37.76604 0.713 

X = 0.4 8.422 35.435 1.08 8.297 53.11727 1.51 

X = 0.5 8.482 39.682 0.61 8.275 53.89993 0.755 

 

The calculated lattice constant as a function of Zn 

content was estimated for both samples and reveals 

that the lattice constant for the ball milling sample  

is lower than that one prepared by ceramic method 

as shown in Figure (2). The formation of spinel 

phase in different stages makes the lattice 

parameters to be varied and has not one trend.  

 

FTIR spectroscopic analysis 

The I.R spectra at room-temperature of the studies 

samples Mg1-xZnxFe2O4 are shown in Figure (3 a, 

b). The spectra are recorded from 200-1600 cm
-1

.  

The absorption bands around (1100 -1400 cm
-1

) 

can be attributed to the hydrocarbon impurities in 

the raw  

 

powder materials, whereas the bond at (850 cm
-1

) 

belonging to the stretching vibrations of (Zn -O) 

bond. 

 

It is shown from IR spectra that the intensities of 

the absorption band (ν1) and (ν2) increases by 

increasing Zn content, indicating the enhancement 

of the crystallinity of the samples by increasing Zn 

content. 

 

The absence of any peaks in the XRD patterns 

between 2Ɵ = (30 – 35 degree) confirm the 
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complete solubility of Zn ion in the spinel lattice, 

and the formation of ZnO absorption band in the  
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Figure (2): Lattice constant for Mg1-xZnxFe2O4 as a 

function of Zn content 

 

IR spectra does not mean the presence of ZnO 

separated from the lattice but this bond formed inti 

tetrahedral site.  

 

The calculated values of force constant in unit 

dyne/cm are given in Table (2) for both tetrahedral 

and octahedral sites. The force constant is given by 

the equation [17]:        

 

                                            (11) 

  

Where c is the velocity of light, ν is the frequency 

and μ is the reduced mass of Fe
3+

 and O
-2

 ions.  

 

The force constant values are related to the bond 

lengths for the (Fe
3+

-O
2-

) bond length at both 

tetrahedral and octahedral sites.   

 

The magnetic permeability   

The initial permeability of the studied samples 

Mg1-xZnxFe2O4 where, (x=0.0, 0.1, 0.2, 0.3, 0.4 and 

0.5) as a function of temperature from 300K to 

800K, was measured at different frequencies (100 

Hz, 1 KHz and 10 KHZ) for the samples prepared 

by ball milling and the samples prepared by usual 

ceramic method are shown in Figs. (4 a, b). 

 

It was found that the initial permeability for both 

samples increase with increasing the Zn content 

and frequency. The permeability increases at low 

temperature and reaches a maximum at Curie 

temperature (Tc) and from Hopkinson peak the 

permeability falls sharply and reaches very low 

value near zero due to the transition from 

ferrimagnetic to paramagnetic. 

 

The Curie temperature can be obtained from the μi 

- T curve by extrapolation of the linear part to the 

temperature axis. The obtained value of the Curie 

temperature has the same value obtained from the 

conductivity measurements as shown in Table (3). 

The behavior of magnetic permeability can be 

explained according to Globus model. In this 

model μi is given by the relation [18, 19]: 

    
  

   

 
 

Where Ms is saturation magnetization, D is the 

particle size and k is the magnetic anisotropy. 

 

It is observed that the permeability of usual 

ceramic method is higher than the ball milling 

method for x = 0.5 and this phenomenon explains 

the effect of the preparation method on the 

magnetic behavior of the material [20].  The 

increase of the magnetic permeability of ceramic 

samples may be due to the influence of magnetic 

crystalline anisotropy which has a lower value in 

ceramic samples. 

 

The doping of Zn ions by Mg ions at tetrahedral 

site displace same ferric ion to octahedral site 

leading to the decrease of A-B exchange 

interaction which, decrease the Tc curie 

temperature for both systems by increasing Zn ions 

[21]. 

 

From the (SEM) morphology studies, it was found 

that the grain size increases with increasing Zn ion 

content which enhances the grain boundaries 

which are considered the origin of the permeability 

in the materials [22]. Thus, the initial permeability 

increases with increasing the Zn content. 

 

The slope of linear part of initial permeability 

versus temperature was calculated and is given in 

Table (3) the high value of the slope illustrated the 

ability of this material to be used as magnetic 

switch and magnetic temperature transducers 

(MTT) devises where the material can transfer the 

thermal energy to magnetic energy [23]. The 

sensitivity and performance of the devices using 

such as (MTT) are direct function of this sudden 

change. Its value is given by the slope of 

permeability versus temperature around Curie 

temperature.  
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Figure (3-a): FTIR for Mg1-xZnxFe2O4 prepared by 

standard ceramic technique 

 

 

Figure (3-b): FTIR for Mg1-xZnxFe2O4 prepared by  

           mechanical ball milling method 

 

  
 

 

 

 

 

Table (2): The absorption bands (νn) and the force constant (F) for both tetrahedral and octahedral sites 

X 

content 
ν1(cm

-1
) ν2(cm

-1
) 
      
(dyne/ cm) 

      

(dyne/ cm 

) 

ν1(cm
-

1
) 

ν2(cm
-1

) 
      
(dyne/ cm) 

      

(dyne/ cm 

) 

 ceramic Ball milling  

X = 0.1 588 470 2.53*10
5
 1.62*10

5
 559 426 2.29*10

5
 1.33*10

5
 

X = 0.2 593 472 2.58*10
5
 1.63*10

5
 565 423 2.34*10

5
 1.33*10

5
 

X = 0.3 576 472 2.43*10
5
 1.63*10

5
 555 420 2.26*10

5
 1.29*10

5
 

X = 0.4 582 474 2.48*10
5
 1.64*10

5
 557 431 2.27*10

5
 1.36*10

5
 

X = 0.5 590 451 2.55*10
5
 1.49*10

5
 559 441 2.29*10

5
 1.33*10

5
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Figure (4-a): The initial magnetic permeability as a function of temperature for Mg1-xZnxFe2O4 prepared by standard 

ceramic technique at different frequencies (100 Hz, 1 KHz and 10 KHZ) 
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Figure (4-b): The initial magnetic permeability as a function of temperature for Mg1-xZnxFe2O4 prepared by mechanical 

ball milling method at different frequencies (100 Hz, 1 KHz and 10 KHZ) 

 
Table (3): The value of (Tc)Curie temperature form DC and magnetic measurements, and the rate of change of (μi)  

X content 
Tc K 
DC 

Tc K 
permeability 

Slope 
Tc K 
DC 

Tc K 
permeability 

Slope 

   ceramic Ball milling 
X = 0.1 578 560 5.851 584 630 8.376 
X = 0.2 480 510 15.059 569 475 12.605 
X = 0.3 475 350 16.479 563 410 13.704 
X = 0.4 469 375 138.955 549 500 25.641 
X = 0.5 454 380 89.573 478 400 54.733 

 

Scanning electron microscopy (SEM) 
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Figures. (5 a, b) show the (SEM) micrographs of 

all Mg1-xZnxFe2O4 samples prepared by ball milling 

and the samples prepared by usual ceramic 

method. It was shown that the sample (x=0.4) has 

a high grain size for ball milling sample whereas 

sample (x=0.3) the highest value for ceramic 

samples. 

The results reflect the dissolution of Zn in the Mg 

ferrite lattice becomes maximum at (x=0.4) and 

(x=0.3) for ball milling and ceramic samples 

respectively. 

 According to the relation of Globus model [10, 

11] there is a direct proportionality between 

permeability and grain size. Our previous results of 

magnetic permeability show that the sample at 

(x=0.4) has highest value of magnetic permeability 

indicating the presence of correlation between the 

microstructure and magnetic properties. 

 

 
X = 0                                                                                       x = 0.1 

 
X = 0.2                                                                                                x = 0.3 

 
X = 0.4                                                                                                  x = 0.5 

Figure (5-a): SEM micrographs for Mg1-xZnxFe2O4 prepared by standard ceramic technique 
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 X = 0                                                                                   x = 0.1 

               
                                    X = 0.2                                                                                x = 0.3 

                          
                                 X = 0.4                                                                                x = 0.5 

  
Figure (5-b): SEM micrographs for Mg1-xZnxFe2O4 prepared by mechanical ball milling method 

 
Conclusion 

Nano-ferrite Mg1-xZnxFe2O4 samples have been 

prepared by both ball milling and usual ceramic 

methods. The crystallite size of the studied 

samples was calculated from XRD examinations, 

and was found to be in the nano-range between 35 

to 65 nm. It was found that the lattice parameters 

increase with increasing the zinc content (x). This 

increase may be attributed to the fact that the Zn
2+ 

ionic radius is larger than the Mg
2+

 ionic radius. IR 

investigation shows that the intensities of the 

absorption band (ν1) and (ν2) increase with 

increasing the Zn content, indicating the 

enhancement of the crystallinity of the samples. 

Increasing the Zn content leads to a decrease in the 

Tc curie temperature for both systems by increasing 

Zn ions which is attributed the decrease of A-B 

exchange interaction.  The SEM images clearly 
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show that the grain size is increases with 

increasing the Zn content.  
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