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M IXED ferrite containing certain amounts of magnesium, manganese and ferric cations 
was prepared using a simple method. The as prepared ferrite was characterized by X-ray 

diffraction (XRD), Scanning electron microscopy (SEM) Fourier transform infrared (FTIR) 
spectroscopy and Energy Dispersive X-ray (EDX) techniques. These techniques revealed 
that the employed preparation method led to formation of a single phase of nano crystalline  
Mn0.5Mg0.5Fe2O4 powder which belongs to spinel structure. However, the structural and 
morphological properties of the as synthesized ferrite were determined. The magnetic properties 
of the obtained ferrite were investigated using VSM technique. In addition, the results revealed 
that the surface area of Mn0.5Mg0.5Fe2O4 was greater than that of both MnFe2O4 and MgFe2O4.    

Keywords: XRD; SEM, EDX, Surface area and Mn-Mg ferrite.
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Introduction                                                                    

Ferrites based on mixed manganese-magnesium 
constituents have different properties such as high 
initial permeability coupled with high saturation 
magnetization and high resistivity good dielectric loss 
tangents, moderate to broad resonance linewidths, 
etc. These characteristics brought about various 
applications of these ferrites such as transformer 
cores, isolators, circulators, gyrators, phase shifters 
and switching circuits of digital computers and 
several other applications [1, 2]. On other words, 
importance of nano sized ferrite materials depends 
upon their chemical and thermal stabilities and 
ease of their preparation as well as their magnetic, 
electrical and physical properties [3].

The preparation techniques control not only 
in the ferrite characteristics like size and shape, 
but also in their physical properties. Ferrites are 
commonly prepared by the ceramic technique that 
involves high-temperature solid state reactions 
between the constituent oxides yielding particles 
with large and of non-uniform size [4, 5]. In this 
regard De-León-Prado et al report to synthesis of 
MgxMn1−xFe2O4 (x=0 -1) nano particles via sol-gel 
and thermal decomposition methods [6]. 

These authors determined the effect of synthesis 
conditions on the crystal structure and magnetic 

properties of the ferrites. They obtained ferrites 
having a single crystalline phase with cubic inverse 
spinel structure and a behavior near to that of super 
paramagnetic materials with spherical particle 
having size of 13±2 nm. Saturation magnetization 
values were higher for materials synthesized by 
sol-gel. However, these materials can be used 
as thermoseeds for the treatment of cancer by 
magnetic hyperthermia. Several methods resulted 
in production of ferrites, among these methods the 
combustion route which is promising technique to 
synthesis at low temperatures due to its simplicity 
and interesting advantages [7]. 

Due to the technological importance of Mn - Mg 
ferrites, this study aims to prepare Mn- Mg ferrite 
using glycine-assisted combustion technique. 
Another goal for this research is the study of the 
structural, magnetic and morphological properties 
of the as prepared Mn - Mg ferrite. The techniques 
employed were XRD, IR, SEM, EDX and VSM.  

Experimental                                                                 

Materials 
Mixing calculated amounts of manganese, 

magnesium and iron nitrates with a certain 
amount of glycine as fuel resulted in preparation 
of Mn0.5Mg0.5Fe2O4 nano particles as reported by 
Deraz [8]. In a pyrex beaker, intensive mixed 
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precursors heated at 80 oC to obtain gel then 
the materials heated at 350 oC for 5 minutes 
to evaporate the water crystal. Herein, spark 
appeared, and a good deal of foams produced 
at one corner giving a brown superfine massive 
product. In the order already mentioned ratio 
of the H2NCH2COOH : Mn(NO3)2.4H2O : 
Mg(NO3)2.6H2O : Fe(NO3)3.9H2O were 4 : 0.5 
: 0.5 : 2, respectively. The chemicals employed 
from where analytical grade supplied by Prolabo 
Company. Process flowchart for fabricating the as 
prepared sample illustrated in Fig. 1.

Techniques 
An X-ray measurement of various mixed 

solids was carried out using a BRUKER D8 
advance diffractometer (Germany). The patterns 
were run with Cu Kα radiation at 40 kV and 40 
mA with scanning speed in 2θ of 2 ° min-1. 

The crystallite size of Mn0.5Mg0.5Fe2O4 present 
in the investigated solids was based on X-ray 
diffraction line broadening and calculated by 
using Scherrer equation [9].                                                                                        

          

θβ
λ

cos
B  d =        

(1) 

where d is the average crystallite size of the phase 
under investigation, B is the Scherrer constant 
(0.89), λ is the wave length of X-ray beam used, 
β is the full-with half maximum (FWHM) of 
diffraction and θ is  the Bragg's angle. 200 mg of 
vacuum-dried IR grade material that is usually 
used in IR measurements is potassium bromide 
(KBr) mixed with 2 mg of examined solid sample, 
the mixture dispersed in a gate mortar, placed in a 
steel die, subjected to 5 ton pressure to get disks 
samples which placed in the holder of the double 

grating Perkin-Elmer IR Spectrophotometer. IR 
Spectrum recorded from 4000 to 400 cm -1.

Scanning electron microscopy (SEM) was 
recorded on SEM-JEOL JAX-840A electron 
microanalyzer (Japan). The samples were dispersed 
in ethanol and then treated ultrasonically in order 
disperse individual particles over a gold grids.

Energy dispersive X-ray (EDX) analysis 
was carried out on Hitachi S-800 electron 
microscope with an attached kevex Delta system. 
The parameters were as follows: accelerating 
voltage 20 kV, accumulation time 100s, window 
width 8 μm. The surface molar composition was 
determined by the Asa method, Zaf-correction, 
Gaussian approximation.

Vibrating sample magnetometer (VSM; 9600-
1 LDJ, USA) used to investigate the magnetic 
properties of the investigated solids in a maximum 
applied field of 15 kOe. Hysteresis loops, saturation 
magnetization (Ms), remanence magnetization 
(Mr) and coercivity (Hc) determined.

Results                                                                                             

Evidence formation of a single phase of  
Mn0.5Mg0.5Fe2O4   nanoparticles

XRD investigation was evidenced formation 
a single phase of Mn0.5Mg0.5Fe2O4   nano particles 
as shown in Fig. 2. It found that Mn0.5Mg0.5Fe2O4   
solid have cubic spinel structure with the Fd3m 
space group (JCPDS card No. 80-0072). The 
peaks of the as synthesized solid were indexed to 
the crystal plane of spinel Mn- Mg ferrite (1 1 1), 
(2 2 0), (311), (2 2 2), (4 0 0), (4 2 2), (5 1 1), (4 
4 0), (6 2 0), (5 3 3), (6 2 2), (4 4 4) and (6 4 2), 
respectively. Inspection of the XRD pattern of the 
solid studied displays absence of any additional 
peak related to any second phase indicating 
complete conversion of the reacting constituents 
to the corresponding ferrite. Thus, addition of 

Fig. 1. Process flowchart for fabricating the as prepared sample. 
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small amount of glycine to Mn- Mg - Fe nitrates 
followed by heating at 350 oC for 5 min. led to 
stimulating the solid state between the reacting 
oxides yielding Mn0.5Mg0.5Fe2O4 crystallites. 

On the other hand, the X-ray data enabled us 
to calculate the different structural parameters of 
cubic spinel Mn- Mg ferrite such as the crystallite 
size (d), lattice constant (a), unit cell volume 
(V), X-ray density (Dx), the distance between 
the reacting ions (LA and LB), ionic radii (rA, rB) 
and bond lengths (A–O and B–O) on tetrahedral 
(A) sites and octahedral (B) sites, however, the 
specific surface area (S) . The values of various 
structural parameters and surface area of Mn- Mg 
ferrite were tabulated in Tables 1 and 2. 

IR analysis 
In fact, the spinel ferrites display two main 

metal- oxygen bands in IR pattern [10]. One of 
these bands related to tetrahedral (A) site while the 
second band refers to octahedral (B) site, these sites 
construct the spinel structure and located at 600 
cm-1 and 400 cm-1, according to the geometrical 
configuration of materials.   . In our experiment, IR 
spectra of the as prepared ferrite were ranged from 
4000 to 400 cm-1 as shown in Fig. 3. In this study, IR 
pattern shows two bands located at 1635 and 3465 
cm-1 related to the stretching modes and H-O-H 
bending vibration of the free or absorbed water 
[11]. In addition, This pattern involved  highest 
band locates 559 cm-1, corresponds to intrinsic 
stretching vibrations of metal at the tetrahedral site, 
and also lowest band, appears at 425 cm-1, assigned 
to octahedral- metal stretching.

The morphology study
The SEM morphology of the synthesized 

sample was determined in Fig. 4. This figure 
shows spongy, fluffy, foamy and fragile material 

containing voids and pores. These voids and pores 
could be attributed to release of large amounts of 
gases during combustion process depending on the 
decomposition of both glycine and metals nitrates. 

Homogeneity of the as prepared samples
Various points on surface of the 

Mn0.5Mg0.5Fe2O4 solid are investigated by using 
energy dispersive X-ray (EDX) analysis at 20 
keV as shown in  Fig. 5. This figure revealed that 
the as synthesized solid consisted entirely of O, 
Mg, Mn and Fe elements.  However, the relative 
atomic abundance of O, Mg, Mn and Fe species, 
present in the surface layers of the as prepared 
sample at three different points, as example, are 
tabulated in Table 3.  It can be seen from this table 
that the surface concentrations of O, Mg, Mn and 
Fe species on different points over the surface of 
specimens studied are much closed to each other. 
This indicates the homogeneous distribution 
of these species in the sample studied. Thus, 
the combustion route resulted in production of 
homogeneously distributed materials. 

The magnetic properties 
The magnetic properties of the as-prepared 

powders were determined by measuring the 
magnetic hysteresis loop at room temperature 
as shown in Fig. 6. The values of Ms, Mr and Hc 
for the as prepared composite were 47.78 emu/g, 
13.81 emu/g and 97.36 Oe, respectively. The 
comparison between these values and that for 
both MnFe2O4 and MgFe2O4 which investigated in 
our previous works was showed that the magnetic 
parameters of the as prepared composite are 
ranged between that for both Mn- ferrite (67.18 
emu/g) and Mg- ferrite (27.92 emu/g) [10, 12].

Surface area of the as prepared sample
The surface area of the as synthesized sample 

Fig. 2. XRD pattern for the as prepared Mn-Mg ferrite.
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TABLE 1. The values of d, a, V,  Dx and S of the as prepared Mn0.5Mg0.5Fe2O4 solid.

S
(m2/g)

Dx

(g/cm3)
V

(nm3)
a

(nm)
d

(nm)Sample

37.305.36190.53210.8350 30Mn0.5Mg0.5Fe2O4

TABLE 2. The values of LA, LB, A-O, B-O, rA and rB for the as prepared Mn0.5Mg0.5Fe2O4 solid.

Sample LA

(nm)
LB

(nm)
A-O
(nm)

B-O
(nm)

rA

(nm)
rB

(nm)

Mn0.5Mg0.5Fe2O4 0.3390 0.2745 0.1710 0.1870 0.0457 0.0620

TABLE 3.  The atomic abundance of elements measured at 20 KeV and different points over the as- prepared sample.

Elements

Atomic abundance (%)

Point (1) Point (2) Point (3)

O
Mg
Mn
Fe

23.27
09.35
16.96
73.65

23.22
08.90
15.95
75.14

23.06
07.29
18.18
74.53

Fig. 3. IR for the as prepared Mn-Mg ferrite.
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Fig. 4. SEM for the as prepared Mn-Mg ferrite.

Fig. 5. EDX pattern for the as prepared Mn-Mg ferrite.

Fig. 6. Magnetic hysteresis curves measured at a room temperature for the as prepared Mn-Mg ferrite.



536

Egypt. J. Chem. 61, No. 3 (2018)

N. M. DERAZ

is 37.3 m2/g while that of simple ferrites are 22.4 
and 35.1 m2/g for magnesium and manganese 
ferrites, respectively. This shows that the 
promotion effect of both Mg and Mn in case of 
Mn0.5Mg0.5Fe2O4. In other words, the presence 
of Mn and Mg together led to an increase in the 
surface area of the fabricated sample compared 
with that of both MnFe2O4 and MgFe2O4.

Discussion                                                                                    

Glycine assisted - combustion route is promising 
technique to synthesis of Mn0.5Mg0.5Fe2O4 nano- 
powder. In our previous works, this method was 
suitable for preparation different ceramic materials 
especially various simple ferrite such as MnFe2O4, 
MgFe2O4 and so on [10, 12]. Generally, the solid 
state between the reacting constituents to form the 
corresponding ferrite resulted in rigid ferrite film 
surrounding the reacting oxides [12].  The diffusion 
of Mg+2, Mn+2 and Fe+3 through early rigid ferrite film 
led to an increase in the formation of Mn0.5Mg0.5Fe2O4 
particles depending upon the similarity of the 
ionic radii of ferric, manganese and magnesium 
species  [10, 12]. The mechanism of formation 
Mn0.5Mg0.5Fe2O4 can be simplified as following [7]: 
At Fe2O3 interface: 
3Fe2O3 + Mn+2 + Mg+2 → 2Mn0.5Mg0.5Fe2O4 + 
2Fe+2 + 0.5O2                                                             (2)

At MnO and MgO interfaces: 
2Fe+2 + 1.5MnO + 1.5 MgO + 0.5O2 → 
Mn0.5Mg0.5Fe2O4 + Mn+2 + Mg+2                         (3)

In fact, the values of  structural parameters such 
as the lattice constant and the unit cell volume for 
Mn0.5Mg0.5Fe2O4 system in this study are ranged 
between that for both MnFe2O4 and MgFe2O4 
solids determined in our previous researches [10, 
12]. These findings confirm formation of solid 
solution between MnFe2O4 and MgFe2O4 yielding 
Mn0.5Mg0.5Fe2O4. Table 1 shows that the crystallite 
sizes of MnFe2O4 and MgFe2O4 are greater that of 
Mn0.5Mg0.5Fe2O4 based on the difference in the ionic 
radii of the Mn, Mg and Fe cations. This behavior 
was observed in the calculated lattice constant of 
these ferrites. The replacement of Mn2+ (0.08nm) 
or/and Mn3+ by Mg2+ (0.065nm) brought about a 
decrease in the lattice constant of Mn0.5Mg0.5Fe2O4 
with subsequent decrease in the crystallite size. 
This indicates the contraction in the crystal lattice 
of prepared mixed ferrite. This interpreted the 
highest difference between the crystallite size of 
MgFe2O4 and that of MnFe2O4. Thus, the author 
can be suggested that the replacement of Mn 
by Mg during the ferrite preparation yielding 
Mn0.5Mg0.5Fe2O4 resulted in an improvement in 
related structural properties such as the distance 
between the reacting ions (LA and LB), ionic radii 
(rA, rB) and bond lengths (A–O and B–O) on 
tetrahedral (A) sites and octahedral (B) sites.

The exact and careful examination of Table 1 
indicates that the surface area of the prepared 
mixed sample is rather large compared to the non-
mixed samples. This table shows that the surface 
area of MnFe2O4, MgFe2O4 and Mn0.5Mg0.5Fe2O4 
are 35.1, 22.4 and 37.3 m2/g, respectively. 
This could be attributed to the decrease in the 
particle size of Mn0.5Mg0.5Fe2O4 yielding more 
nano powders. In addition, the increase in the 
voids and pores involved in the as prepared 
Mn0.5Mg0.5Fe2O4 due to release of large amounts 
of gases during the decomposition of both glycine 
and metals nitrates. However, IR study confirms 
the formation of spinel Mn0.5Mg0.5Fe2O4 based 
nano structured material. EDX measurements 
showed that the surface concentrations of Mn, 
Mg, O and Fe species for the as prepared sample 
at different points are very close to each other. 
SEM and EDX investigations showed that the 
investigated method led to formation of spongy 
and homogeneous solid. 

Indeed, the values of Ms, Mr, Hc for 
Mn0.5Mg0.5Fe2O4 system in this study are ranged 
between that for both MnFe2O4 and MgFe2O4 solids 
determined in our previous researches [10, 12]. 
This attributed to redistribution of Mn, Mg and Fe 
species between the octahedral and tetrahedral sites 
involved in the investigated spinel structure. These 
findings depend upon the relation between the 
magnetic parameters, particularly magnetization 
and coercivity of the different ferrites and both 
of the inversion degree of distribution of cationic 
ions between the tetrahedral (A) and octahedral 
sites (B) of the spinel lattice and the spin disorder 
in the shell around the core [10, 12-14]. However, 
the inversion degree of distribution of cationic 
ions and the spin order depend upon the particle 
size and lattice parameters. On the other hand, 
the spin orders depend on the surface effects. 
These surface effects dominate the magnetic 
properties of nano particles because the decrease 
in the particle size brought about an increase in the 
ratio of surface spins to the total number of spins. 
Thus, the magnetic behavior of the particle surface 
differs from that corresponding to the core due to 
the distinct atomic coordination, compositional 
gradients, concentration and nature of the defects. 
In additional, the core usually displays a spin 
canting and arrangement similar to that of the bulk 
material.

In this study, the coercivity of Mn0.5Mg0.5Fe2O4 
is greater than that of MnFe2O4 and MgFe2O4 
solids prepared in our previous work using the 
combustion method with the same conditions. This 
is due to the decrease in the particle size of the as 
prepared solid according to Kittel’s theory [15, 16-
20]. The values of Bohr magneton (µB) are 0.9999, 
1.8414 and 2.7740 for MgFe2O4, Mn0.5Mg0.5Fe2O4 
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and MnFe2O4, respectively. This indicates that 
the replacement of Mg by Mn species led to 
an increase in the value of µB relative to that of 
MgFe2O4 as shown in the case of Mn0.5Mg0.5Fe2O4, 
vice versa. The same behavior was observed in the 
values of Mr, Ms and Mr/Ms [21-22].

Conclusions                                                                       

 Glycine- assisted combustion method resulted 
in formation of Mn0.5Mg0.5Fe2O4 via the solid state 
reaction between Mn- Mg- Fe oxides. XRD and 
IR confirm the formation of Mn0.5Mg0.5Fe2O4 
as single spinel phase. XRD data enabled us to 
calculate the lattice constant, unit cell volume, 
X-ray density, specific surface area, the distance 
between the magnetic ions, ionic radii and 
bond lengths on tetrahedral sites and octahedral 
sites of Mn0.5Mg0.5Fe2O4 crystallites. SEM 
technique shows formation of spongy, fragile 
and homogenous material. The element analysis 
of the as prepared sample determined using EDX 
technique. The values of Ms, Mr and Hc for the 
as prepared composite were 47.78 emu/g, 13.81 
emu/g and 97.36 Oe, respectively. 
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(Mn0.5Mg0.5Fe2O4) تشييد جزيئات نانوية من فريتات الماغنسيوم والمنجنيز المختلطة
نصرالله محمد محمود دراز

معمل كيمياء المواد النانوية المتقدمة والحفز- قسم الكيمياء الفيزيقية- المركز القومى للبحوث- الدقى – الجيزة- 
مصر.

باستخدام  والمنجنيز  الماغنسيوم  كاتيونات  من  معينة  كميات  على  المحتوية  المختلطة  الفريتات  تحضير  تم 
طريقة بسيطة. كما تم توصيف الفريتات المحضرة بواسطة حيود الأشعة السينية (XRD) ، المسح المجهري 
للطاقة  المشتتة  السينية  الأشعة  وتقنية   (FTIR) الحمراء  تحت  بالأشعة  الطيفي  والتحول   (SEM) الإلكتروني 
(EDX). وبفحص وتمحيص النتائج المتحصل عليها من استخدام التقنيات السالفة الذكر وجد أن طريقة التحضير 
المستخدمة أدت إلى تكوين طور واحد من مسحوق الفريتات النانوية المختلطة والمحتوية على كل من كاتيونات 
 .(Spinel) والذى ينتمي إلى التركيب البنائى المسمى الإسبنيل (Mn0.5Mg0.5Fe2O4) الماغنسيوم والمنجنيز
دراسة  تم  ثم  المحضرة.  الفريتية  للمادة  والمورفولوجية  الهيكلية  الخصائص  تحديد  تم  قد  ماسبق  على  علاوة 
قد  تقدم  ما  إلى كل  بالإضافة   .VSM تقنية   باستخدام  المحضرة وذلك  الفريتية  للمادة  المغناطيسية  الخصائص 
.MgFe2O4 & MnFe2O4 كانت أكبر من تلك لكل من Mn0.5Mg0.5Fe2O4 أظهرت النتائج أن مساحة سطح


