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Abstract: 

The IR spectra shows two main absorption bands 1 and 2 are characteristics of spinel ferrites. The shape, size and 

morphology of synthesized sample studied by transmission electron microscopy and scanning electron microscopy indicates 

agglomerated nano particles in the range of 9-18 nanometer. The magnetic properties like remanent magnetization, magneton 

number and coercivity is affected with increase in Al3+ ion concentration. 

 

1  Introduction 

 Ferrite materials are important magnetic materials, which have various applications in power conditioning 

and conversion[1-8]. Due to their distinct magnetic properties, ferrite materials have been widely used to prepare 

many electromagnetic devices such as inductors, converters, phase shifters and electromagnetic wave absorbers 

[9],[10]. 

Since, the temperature dependence of the magneto elastic properties is strongly dependent on the magneto 

striction and magnetic anisotropy, as well as coercivity, permeability, and chemical composition of the material. As 

per the literature review these properties appeared excellent with Co-Mn ferrite, therefore in our present study we 

have kept Co-MnFeO4 as a basic composition for further investigation. 

A variety of techniques have been used to prepare ferrite materials of nano-scale including co-precipitation 

method [11-15], sol–gel process [16-18], glass crystallization [19], the mechanical alloying method [20-22], self-

propagation [23-24], microemulsion [25], microwave  [26-28], hydrothermal [29], and ultrasound-assisted synthesis 

[30]. 

 Keeping the importance of Co-Mn ferrite and the need to prepared these samples in nanometer dimensions 

it was decided to synthesize CoMn1-xAlxFeO4 (x = 0.0, 0.25, 0.5, 0.75, 1.0) ferrite system. The structural and 

magnetic changes in the Co-Mn ferrite brought by the Al3+ substitution synthesized via sol-gel auto-combustion 

method is discussed here. 

 The IR spectra shows two main absorption bands 1 and 2 are characteristics of spinel ferrites. The shape, 

size and morphology of synthesized sample studied by transmission electron microscopy and scanning electron 

microscopy indicates agglomerated nano particles in the range of 9-18 nanometer. 

2  Experimental 

Sol-gel auto-combustion route was adopted to achieve the homogeneous mixing of the chemical 

constituents at the atomic scale and better sinterability. AR grade cobalt nitrate (Co(NO3)2·3H2O), aluminum nitrate 
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(Al(NO3)3·9H2O), manganese nitrate (Mn(NO3)2·6H2O),iron nitrate (Fe(NO3)3·9H2O) and citric acid 

(C6H8O7·H2O),were used to prepare the CoMn1-xAlxFeO4 (x = 0.0, 0.25, 0.5, 0.75, 1.0) ferrite compositions. 

Reaction procedure was carried out in air atmosphere without protection of inert gases. The molar ratio of metal 

nitrates to citric acid was taken as 1:3. The metal nitrates were dissolved together in a minimum amount of double 

distilled water to get a clear solution. An aqueous solution of citric acid was mixed with metal nitrates solution, then 

ammonia solution was slowly added to adjust the pH at 7. Then the solution was heated to 90 ºC to transform it into 

gel. When ignited at any point of the gel, the dried gel burnt in a self-propagating combustion manner until all gels 

were completely burnt out to form a fluffy loose powder. The auto-combustion was completed within a minute, 

yielding the brown-colored ashes termed as a precursor. Finally, the as prepared ferrite powder was annealed at 600 

ºC for 4 h. in order to compete the crystallization. 

3  Results and discussion 

3.1 Infrared spectroscopy  

The IR spectra in the range of 200 to 1000 cm-1at room temperature are shown in Fig. 1. The band positions 

are listed in Table 1.The two wide bands 1 and 2 are characteristic of spinel ferrites, where their existence reveals 

that these samples are a single- phase spinel ferrites. 

 

Fig. 1   Infrared spectra of CoMn1-xAlxFeO4 

 

The band 1 lies in the range742 cm-1 to 816 cm-1and is assigned to the complexes Fe3+–O2-on the A-sites 

and 2 lies in the range of 299 cm-1 to 364 cm-1and is assigned to Fe3+–O2-on the B-sites vibration modes [33]. The 

difference in the position of the two strong bands 1 and 2 could be related to the difference in Fe3+–O2−distance for 

A-sites and B-sites. It was found that Fe–O distance of A-site (0.189 nm) is smaller than that of the B-site (0.199 

nm). The band 3 appeared around 527-550 cm-1 can be attributed to the divalent metal oxygen complexes Fe3+–O2-, 

Co3+–O2- and Mn3+–O2- on the A-sites. The band 4 appeared around 229-283cm-1may be assigned to the lattice 

vibrations of the system and is dependent on the A-site complexes Fe3+–O2-, Co3+–O2 , [34-35]. The existence of 

Fe2+ions amongst the sub lattice causes a splitting of its band producing 3 at 1and 4 at 2. This results from the 

distortion of the Jan-teller effect of Fe2+ions [36-37]. TheFe2+ ions may result from the hopping process; 

Co2++Fe3+Co3++Fe2+, Mn2++Fe3+Mn3++Fe2+ where Co3+ may migrate into the A-sites and Fe2+ions remains in 
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their sites.  

 

3.2 Magnetization 

Magnetic hysteresis loops forCoMn1-xAlxFeO4with a maximum applied field of 0.9 T is shown in Figs. 

2.All data of the magnetization parameters are included in Table 1 .The values of saturation magnetization (Ms) is 

appeared to be lower as compared to that of bulk values of Co-Mn ferrite. 

 
Fig. 2.  variation of magnetization (M) with applied magnetic field (Oe) of  CoMn1-xAlxFeO4 

 

Table. 1 IR absorption bands, Saturation magnetization (Ms), remanence magnetization (Mr), remanenceratio (R), magneton 
number (ηB) and coercivity (Hc) of CoMn1-xAlxFeO4 

Lower saturation magnetization can be considered as a consequence of the smaller crystallite size, which 

leads to structural distortion in the external surface. This structural distortion occurs because at the external surface 

the surface spins have nearest neighbors only on one side and none on the other side (broken exchange bonds) 

The variation of saturation magnetization with Al3+ substitution decrease of saturation magnetization with 

the Al3+concentration depends up on the three facts: 

Comp. 

x 

υ1 (cm-1) 
 

υ 2 (cm-

1) 

υ 4 (cm-

1) 

υ 3 (cm-

1) 

Ms 

(emu/g) 

Mr 

(emu/g) 
R 

ηB (µB) 

 

Hc 

(Oe) 

Obs. Cal. 

0.00 742 358 533 34.63 9.57 0.28 1.45 3.40 510 

0.25 746 364 527 25.28 5.34 0.21 1.03 2.20 224 

0.50 763 349 539 17.87 4.61 0.26 0.70 0.80 248 

0.75 787 320 550 13.68 3.88 0.28 0.52 0.20 360 

1.00 816 299 534 11.39 7.09 0.62 0.42 0.30 1056 
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(1) In spinel ferrite the saturation magnetization (Ms) depends upon strongest super- exchange coupling 

(antiparallel coupling) between the tetrahedral A and octahedral B site. The strength of super exchange 

coupling depends on the bond angles and bond lengths between the cations. The exchange coupling decreases 

with the decrease of effective bond lengths. In the present samples we have observed from XRD analysis the 

effective bond lengths. Decrease with the increase of Al3+concentration, which leads to weakening the 

exchange coupling and hence saturation magnetization decreases. 

(2)  Al3+is a nonmagnetic ion, which does not take part in the exchange interaction to the nearest neighbor ions 

and hence the saturation magnetization affects with the increase of Al3+concentration. 

(3) Porosity affects the magnetization process because the pore works as a generator of the demagnetization 

field. The pores tend to hinder the free movement of the magnetic walls during the magnetization process 

[38]. As a consequence, the intensity of the effective magnetic field applied to the material is reduced [39]. 

Increased density reduces the material’s porosity. Therefore, a homogeneous and denser microstructure 

should favor the flow of the magnetic field through the material, improving its magnetic induction. The 

increase in porosity of the presently investigated samples with Al3+ substitution may also play the role in 

declining the Ms of CoMn1-xAlxFeO4spinel ferrite. 

The observed variation in the saturation magnetization can also be explained due to the difference in the 

contributions from the magnetic moment of the substituted ion on the A- and B-sites of the CoMn1-xAlxFeO4spinel 

ferrite i.e. 

nBcal.= MB-MA        12 

where, MB and MA are the B and A sub-lattice magnetic moments in B, nBcal. is termed as calculated magnetic 

moment. In the presently investigated ferrite system, decrease in the nBcal.(Fig. 3) is expected after the substitution of 

Al3+ for Mn3+ ions, since Al3+is a non-magnetic ion with magnetic moment of 0μB as compared magnetic Mn3+ ion 

with a large magnetic moment of 4μB. 

The observed magnetic moment (nBobs.) per formula unit in the Bohr magneton (µB) was calculated using a 

relation, 40 

                  13 

where MW is molecular weight of the sample and Ms is the saturation magnetization. It is obvious from Fig. 7. The 

calculated and observed values of the magneton number are in good agreement with each other.  

Remanence magnetization (Mr) is also decline (Fig. 4) due to Al3+ has no remanence; again since it is a soft 

magnetic material. So, the remanence magnetization comes from the Co, Mn and Fe ions present in the samples. 

Fig. 5. depicts the compositional variation of the ratio of remnant magnetization (Mr) over saturation 

magnetization (Ms) at room temperature measurement. In other words, this ratio (Mr/Ms) is called squareness ratio 

or remanence ratio (R). Remanence ratio is a characteristic parameter of the material and is dependent on the 

anisotropy, indicating the ease with which the magnetization direction is reoriented to the nearest easy axis 

magnetization direction after the magnetic field is removed. The lower the R value is, the more isotropic the material 

will be. The values of R varied from 0.28 (x = 0.00) to 0.62 (x = 1.0) with increasing Al3+ substitution. This high 

remanent ratio is desirable for magnetic recording and memory devices. 



5 
 

Coercivity (Hc) in a ferrite system is known to depend on several parameters such as anisotropy constant, 

lattice imperfections, internal strains and grain size etc. It can be seen from Fig. 6.  The coercivity decreased for x = 

0.25, which may be attributed to some extrinsic parameters such as micro structures and large grain size. However, 

it should be mentioned here that the observed coercivity variation invariably points out that the variation in the net 

anisotropy in the system due to the presence of Co2+ and ions is the dominant mechanism responsible for 

determining the coercivity parameters. Further it can be concluded that the substitution of Al3+in Co-Mn ferrite 

changing material to a soft magnetic materials, which means that Al3+ has almost no coercivity. 
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