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ABSTRACT 

 

In the present work, Co1-xMnxFe2O4 (0≤x≤0.3) nanoparticles were 

synthesized by the co precipitation. The phase purity and crystal lattice symmetry 

were estimated from X-ray diffraction (XRD). Micro structural features observed by 

scanning electron microscopy (SEM) shows that the fine clustered particles were 

formed with an increase in average grain size with Mn2+ content. Room temperature 

magnetization measurements showed that the magnetization Ms firstly increases for 

x=0.2 and then decreases and Hc decreases with an increase in Mn2+ content, which 

implies that these materials maybe applicable for magnetic field sensor application. 
 

Keywords: Coprecipitation 1,Ferrite 2, Nanoparticles 3,X-ray diffractometer 4, 

Hysteresis 5. 

 

1.  INTRODUCTION 

 

Cobalt ferrite has high electrical resistivity, magnetic softness and low eddy current 

losses. These properties make them useful in various potential applications such as microwave 

devices, transformer cores, high frequency inductor, high quality filter, operating devices, 

permanent magnets and high-density information storage1-5. The structural and magnetic 

properties of ferrites depend on magnetic interaction and cation distribution of ions in the two 

sublattices of spinel structure. Structural formula of mixed cubic spinel ferrites is written as 

(M1-δFeδ)[MδFe2-δ] where M is a divalent metal ion and Fe is a trivalent iron ion with δ as 

degree of inversion. The round bracket represents tetrahedral (A-site) and square bracket 

represents octahedral (B-site) coordination. The substitution of metal ions like Mn2+ into the 

cobalt ferrite has been proposed by many researchers to modify the magnetic and magneto 

mechanical properties. In particular, extensive studies of Mn-doped CoFe2O4 have been 

conducted, which showed that the substitution of Mn for Fe decreases the Curie temperature, 

magnetic anisotropy and magnetostriction coefficient6–11. Various methods have been reported 

for synthesis of CoFe2O4 nanoparticles12-16. In the present investigation, an attempt has been 

made to synthesis Co–Mn ferrite nanocrystalline powder by the low- temperature co-
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precipitation method. The XRD, SEM, EDAX and VSM techniques were used to study thermal 

evolution of the precursor, as well as the microstructure, morphology and magnetic properties 

of as-synthesized Co–Mn ferrite nano powder respectively.  

 

2. EXPERIMENTAL 

 
2.1  Synthesis  

 

Cobalt manganese ferrite Co1-xMnxFe2O4 (0.0 0.3x  ) nano particles with different 

Mn2+ contents x were prepared by the co-precipitation method. Stoichiometric proportions of 

AR grade cobalt chloride (CoCl2.6H2O) manganese chloride (MnCl2.4H2O), ferric chloride 

(FeCl3) were taken and dissolved separately in minimum amount of deionized water. Thus 

prepared solution were mixed together to obtained required composition and homogeneous 

solution with rigorous stirring for 1 hr. NaOH is used as a precipitating agent and added in 

solution drop by drop until the pH is raised to 10 -11. The resulting solutions kept in constant 

temperature water bath at 80°C for 2 hr. Washing of the precipitate was done several times 

with deionized water and finally with acetone to remove the traces of water any. All the 

samples are annealed at 900°C. 

 

2.2  Characterization 

 

Phase of as prepared samples was confirmed by X-ray diffraction pattern. XRD 

patterns recorded on D8 Bruker advanced automated XRD equipped with a crystal 

monochromatic employing Cu-Kα radiation of wavelength 1.5406 Å. Morphological analysis 

was carried out using SEM (LEO 435 VP with EDAX). EDAX was used for compositional 

analysis of the samples. The magnetic characterizations were carried out by VSM (Lakeshore 

7410 model) under the applied field of 15000 Gauss at room temperature. 

 

3.  RESULTS AND DISCUSSION 
 

3.1  Structural and phase analysis 
 

The crystallinity and structure of the particles annealed at 900ºC were confirmed by 

XRD patterns shown in Figure 1. All XRD patterns were well indexed using the JCPDS card 

No. 22-1086 17 and 74-2403 18. The diffractogram exhibits sharp lines, which indicates that the 

sample has high crystallinity. The crystallite sizes were calculated using the Scherer’s formula: 
0.9

cos
D



 


, 

where, β is breadth of the observed diffraction line at its half intensity maximum(FWHM) and 

λ is the wavelength of the X-ray source used in XRD. From Figure 2 it is observed that as a 

content of Mn2+ increases the lattice parameter increases there by obeying Vegard's law is in 

good agreement with the reports available in the literature19. This linear increase in lattice 



 Swati Tapdiya, et al., J. Pure Appl. & Ind. Phys. Vol.7 (3), 94-100 (2017)  

96 

constant(a) with Mn2+ content ‘x’ can be explained on the basis of a difference in ionic radii 

of Co2+, Fe3+ and Mn2+. X-ray density can be calculated using relation   

3

8
x

M
d

Na


, 

where, M is the molecular weight, N is the Avogadro's number, and a  is lattice constant. The 

interatomic distance between magnetic ions at tetrahedral A (LA) and octahedral B (LB) sites 

was calculated by using the following relations LA = 3a/4 and LB = 2a/4. The calculated 

values of structural parameters from XRD data are given in Table 1 and shown in  Figure 2. 
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Figure 1. XRD spectra of pure Co, CoZn and CoMn ferrite nanoparticles annealed at 900°C 

 

0.0 0.1 0.2 0.3

27

30

33

36

 particle Size

 lattice para

Mn content

D(nm)

8.36

8.38

8.40

8.42

8.44

a(A
o
)

   0.0 0.1 0.2 0.3

3.62

3.63

3.64

3.65

3.66

 

 

L
A
(A

0
)

L
B
(A

0
)

Mn Content

L


2.95

2.96

2.97

2.98

 

 

L
B

 
 

Figure 2. Variation of (a)lattice parameter and particle size (b) hopping lengths with Mn content 
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Table 1.Structural and Magnetic Parameters of Manganese doped Cobalt Ferrite NPs 
 

Parameters X=0.0 X=0.1 X=0.2 X=0.3 

Particle size D311(nm) 29 37 34 33 

Lattice parameter a(Å) 8.3676 8.3709 8.38776 8.44056 

X-ray density dx(gm/cm3) 5.314 5.309 5.259 5.149 

Hoping length LA(Å) 3.6231 3.6277 3.6319 3.6561 

Hopping length LB (Å) 2.957 2.961 2.9650 2.983 

Sat .Mag.Ms(emu/g) 50.16 54.1 57.04 43.33 

Coercivity Hc(Gauss) 883 424 314 388 

Ramanance ratio Mr Ms  0.32 0.210 0.145 0.211 

AnisotropyCons K1(erg/cm3) 46136 23850 18643 17151.4 

Mag.Moment (BohrMag.) 2.10 2.27 2.38 1.81 

 

3.2  Morphological study 

 

SEM micrographs of Mn doped cobalt ferrite nanoparticles annealed at 900ºC for 

x=0.2 is shown in Figure 3. It is evident by the SEM micrograph uniform, almost spherical 

structure morphology with a narrow size distribution of the particles. The EDAX spectrum for 

x=0.2 is also shown in Figure 3 which gives the quantitative and qualitative analyses of 

chemical composition of prepared nanoparticles. The spectrum shows the existence of Co, Mn, 

Fe, and O in the sample without presence of any impurity. The compositional molar ratio of 

Co+Mn to Fe was close to 0.5. 
 

    
 

Figure 3 SEM image and EDAX spectra of Co0.8Mn0.2Fe2O4 nanoparticles annealed at 900ºC 

 

3.3  Magnetic Measurements 

 

Magnetic hysteresis loops Co1-xMnxFe2O4 (0≤x≤0.3) were recorded at room 

temperature for all the compositions and are shown in Figure 4. The variation of saturation 

magnetization (Ms) and that of coercivity (Hc) with Mn content for all the ferrites is shown in 
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Figure 5. In the present study an initial increase in the saturation magnetization up to x=0.2 of 

Co1-xMnxFe2O4 system, indicate that initially, at lower concentrations (i.e. x=0.1 and 0.2), the 

Mn2+ ions are substituted in the B (octahedral) site and at higher concentrations (i.e. x=0.3), 

the rest of the Mn2+ ions are distributed in the A (tetrahedral) site of the spinel lattice. Similar 

results are reported by Kambale et al.22. The loop squareness ratio (Mr/Ms) for Co1-xMnxFe2O4 

(0≤x≤0.3) is found to be < 0.5 which is the expected value for randomly packed single domain 

particles. 

In the present investigation coercivity of CoFe2O4 was drastically affected by Mn 

doping. From Table 1 one can conclude that, coercivity of CoFe2O4 decreases up to x=0.1 and 

at x=0.2 it suddenly increases. The magnetic moment per formula unit in Bohr magneton (µB) 

was calculated by using the following relation: μB=M*Ms/5585 where M is molecular weight 

and Ms is saturation magnetization of each composition. 
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Figure 4 Hysteresis curve of Mn doped cobalt ferrite  Figure 5 Variation of sat. magnetization  

nanoparticles for (0≤x≤0.3)annealed at 900ºC  and coercivity with increasing Mn content 

 

4.  CONCLUSION 
 

Ultrafine nanoparticles of Co1-xMnxFe2O4 (0≤x≤0.3)were successfully synthesized by 

the co precipitation method. The x-ray diffraction study reveals the formation of a cubic spinel 

structure. The magnetic measurements lead us to conclude that the saturation magnetization of 

cobalt ferrite goes on increasing for lower doping levels of Mn2+ (x = 0.1 and 0.2) and decreases 

for higher levels of Mn2+ (x = 0.3). From the studied compositions, the composition x = 0.2 is 

the most suitable constituent phase for the magneto electric (ME) composite due to its higher 

magnetization and this property of material can be used as a field sensor device in future. 
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