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Introduction

Several years of worldwide revolutionary developments 
in nanoscience, combining physics, chemistry, material 
science, theory, and even biosciences, have brought us to 
another level of understanding. The remarkable progress in 
science and technology is established with the advancement 
in nanoscience and  nanotechnology. Nanoscience and 
nanotechnology represent an expanding research area, which 
involves structures, devices, and systems with novel properties 
and functions due to the arrangement of their atoms on the 
1–100 nm scale [1]. Basically, ferrites are ceramic materials, 
dark grey or black in appearance and very hard and brittle. 
Ferrites may be defined as magnetic materials composed of 
oxides containing ferric ions as the main constituent (the word 
ferrite comes from the Latin “ferrum” for iron) and classified 
as magnetic materials because they exhibit ferrimagnetic 
behavior [2]. The ferrites, in powder or thin film forms, can be 
prepared by high-temperature solid-state reaction method, 
sol–gel method, coprecipitation, pulsed laser deposition, 

high-energy ball milling and hydrothermal technique [3]. 
Ferrites have much less electrical conductivity compared to 
metallic ferro magnets, continues to be the most important 
magnetic materials in various high-frequency applications, 
having repressed  eddy currents  and lowered energy loss in 
high-frequency use. The ferrites are ionic in nature and are 
more stable because of their oxide bonding which exists 
between the metal ions. Therefore, ferrites are playing a great 
role in many devices of every-day life (ac and dc motors, 
power distribution systems, video and audio applications, 
microwave devices, antenna rods, loading coils, core material 
for power transformers in electronics, high-frequency devices 
[4-6], memory devices such as hard disks, floppy disks [6-8], 
capacitor electrode, catalysis [5,8], drug delivery [5], water 
treatment [9], and gas sensors [5]. 

This study demonstrates the expansion of lattice constant (a) 
and crystallite size (D) induced by manganese substituted of 
cobalt zinc ferrites exerted remarkable effects on its structural 
and morphological properties that suggested the material 
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with composition Co0.8−x Mnx Zn0.2 Fe2O4 may be suitable for 
high frequency application and in transformer cores.

The aim of this research work is to investigate the effect 
of Mn2+ on the structural and morphological properties of 
new Co0.8−x Mnx Zn0.2 Fe2O4 ferrite materials synthesized by 
coprecipitation method.

Methods

Sample preparation

Co0.8-x Mnx Zn0.2 Fe2O4 (x=0.0 to 0.3 with a step 0.1) ferrite 
materials are synthesized in the form of powder by 
coprecipitation method. The powder preparation and pellet 
preparation are discussed in [10].

A series of Co0.8-x Mnx Zn0.2 Fe2O4 (x = 0.0 to 0.3 with a step 
size of 0.1) nano ferrites prepared using the coprecipitation 
method. In this method, dissolving Fe2SO4.XH2O, Co SO4.7H2O, 
Zn SO4 and Mn SO4.H2O with purity above 97% into distilled 
water to form a clear solution and mixed together. The mixture 
was stirred with a magnetic stirrer until the reactant was 
dissolved completely. During the stirring, sodium hydroxide 
was added dropwise to the salt solution as a precipitating 
agent. As a result, a brown precipitate appeared quickly. 
The pH of the solution reached 12 under vigorous stirring. 
Simultaneously, the mixed solution was heated to 80°C to 
transform into a black solution and subsequently maintained 
for 45 min to obtain good results for the reaction process 
and then the sufficient precipitation phase was observed as 
reported in [10].

The following ferrite materials with typical formula are 
synthesized in this research work. The chemical reactions in 
this process and specific amounts of each composition in 
mole, are given in the following equations [10]:

2Fe2(So4)3 + (0.8-x) CoSO4 + xMnSO4 + 0.2ZnSO4 + 8NaOH + 
15H2O  

  

   air 

 

 

 2Fe(OH)3 + (0.8-x) Co(OH)2 + x Mn(OH)2 + 0.2 
Zn(OH)2 + 4Na2SO4

Then, air is passed over the metal hydroxide to oxidize it and 
to produce Co0.8-x Mnx Zn0.2Fe2O4. 

2Fe(OH)3 + (0.8-x) Co(OH)2 + xMn(OH)2 + 0.2 Zn(OH)2 + 
4Na2SO4 

 

  

   air 

 

 

  Co0.8-x Mnx Zn0.2 Fe2O 4 + 4H2O 

Sample Characterization

Structural characterization was studied using an X-ray 
diffractometer (D8 ADVANCE) with Cu-Kα (λ = 1.5406 Å) 
radiation. The crystal structure, lattice parameter, crystallite 
size, and theoretical density were calculated from the XRD 
pattern. The FTIR absorption spectra of the samples were 
recorded using the FTIR spectrometer in the wave number 
range of 1000–100 cm-1 with potassium bromide (KBr) as the 
solvent. We conducted transmission electron microscopy 
(TEM) to analyze the sample’s topography and morphological 
features of the nanoparticles. The AC conductivity (σac), 
dielectric constant (ε'), and dielectric loss angle (tan δ) of the 
prepared samples were determined at room temperature (300 
K) as a function of frequency ranging from 50 Hz to 5 MHz 
using an LCR Bridge (HIOKI) Model 3531 Z HI tester.

Results and Discussion

X-ray analysis

The structure of the synthesized Co0.8-x Mnx Zn0.2 Fe2O4 (x=.0 
to 0.3 with a step 0.1) powder ferrites are analyzed by powder 
XRD between the Bragg angles 20° and 80°. Indexing process 
of powder diffraction pattern is done and Miller indices (h 
k l) to each peak are assigned, as shown in Figure 1. All the 
peaks present in the XRD patterns are very sharp because of 

 

Figure 1. XRD pattern of Co0.8-x Mnx Zn0.2 Fe2O4 nanoparticle.
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the micrometer size of the crystallite and they are indexed 
as (220), (311), (400), (422), (511), and (440) planes of spinel 
structure. The XRD patterns clearly indicate that Co0.8-x Mnx Zn0.2 
Fe2O4 ferrites are formed in cubic single spinel phase without 
impurity. Further, the samples are identified as of single phase 
structure with a space group Fd3m, which is in well agreement 
with (JCPDC card no.22-1086) for CoFe2O4 [10-12].

The values of the lattice parameters were calculated using 
X-ray data using the following equation [13], and the results 
are shown in Table 1. The obtained results are shown in Table 
1.

  

Table 1. Structural analysis of synthesized Co0.8-x Mnx Zn0. 2 Fe2O4 
Samples.

Content a exp ( )

 0.0  8.3256

 0.1  8.3777

 0.2  8.391

 0.3  8.377

As indicated in the table, the calculated lattice parameters, 
increased from 8.3256 to 8.377 with the Mn2+ concentration. 

This occurred because the radius of Co2+ ions (0.78 ) was 
smaller than that of the Mn2+ ions (0.80 ) [14]. Thus, the 
substitution by larger ions resulted in the lattice expansion, 
leading to an increase in the lattice constant [15,16]. When the 
Co ions were replaced with manganese at x = 0.3, the lattice 
parameters decreased to 8.377  [17]. This decrease occurs 
because some Mn ions cannot enter lattice sites and stress on 
the grains. Consequently, the lattice constant decreased, and 
a similar behavior was observed [16].

Morphological analysis

TEM study is employed to investigate the morphological 
studies for the prepared sample of Co0.6Mn0.2Zn0.2Fe2O4. Figure 
2 shows the TEM images of Co0.6Mn0.2Zn0.2Fe2O4. TEM images 
demonstrated a spherical shape of the prepared sample, 
and the agglomerations observed may be related to the 
interactions of magnetic dipoles arising within the ferrite 
nanoparticle [13,18].

The morphological studies for the prepared sample of Co0.6 

Mn0.2 Zn0.2 Fe2O4 were investigated through TEM analysis. 
Figure 3 shows the TEM image of the prepared sample (x = 
0.2). It can be seen from the TEM image that the sample is 
uniform in the morphology and particle size distribution. The 
average particle size was calculated via TEM analysis and was 
found to be 23.26 nm.

 

Figure 2. TEM image of Co0.6Mn0.2Zn0.2Fe2O4 sample.
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Fourier transform infrared spectroscopy analysis

The FTIR spectroscopy of Co0.8−x Mnx Zn0.2 Fe2O4 (x = 0.0 to 
0.3 with a step size of 0.1) was recorded in the range of 200-
1000 cm-1. Figure 3 shows the FTIR spectra of the prepared 
samples, and the absorption band results are presented in 
Table 2. It shows two absorption bands, ν1 and ν2, at ~600 
and 400 cm-1, respectively, confirming the formation of the 
spinel structure. The high-frequency band (ν1) corresponds to 
bending vibrations at the A site, and the low-frequency band 
(ν2) corresponds to stretching vibrations of Fe3+–O2+–Fe3+ at 
the B site [15,16].

Table 2. FTIR vibrational mode positions of Co0.8-x Mnx Zn0.2 Fe2O4 
Nano ferrite samples.

x 0.0 0.1 0.2 0.3

ν1 (cm-1) 623 609 585 599

ν2 (cm-1) 342 349 409 430

As presented in Table 2, with the increase in the substitution 
of Mn2+ ions, band (ν1) decreases, whereas band (ν2) increases. 
Thus, Mn ions have a greater effect on A sites than B sites. 
Based on FTIR analysis, the assumed cation distribution of the 
prepared samples presented in Table 2 was assumed with the 
general formula [Zn0.2 Mn0.8x Fe0.8−0.8x]A [Co0.8−x Mn0.2x Fe1.2+0.8x]
B O4.

Conclusion

The structural and morphological properties of Co0.8−x 
Mnx Zn0.2 Fe2O4 (x = 0.0, 0.1, 0.2, and 0.3) spinel ferrites were 
successfully investigated by the coprecipitation method. 
The prepared samples confirmed the single-phase cubic 
spinel structure from the XRD patterns. An increase in lattice 
parameter was observed in the range of 8.3256–8.377 . 
The average grain size decreases at x > 0.2 and subsequently 
increases at x = 0.3. A spherical shape of Co0.6 Mn0.2 Zn0.2 Fe2O4 
was concluded from TEM image with an average particle size 
of 22.51 nm. Two peaks at ~442.09 and 620.21 cm-1 appeared 
in the range of 200–1000 cm-1, confirming the formation of 
the ferrite composite from FTIR analysis shown. The cation 
distribution of the prepared samples was also predicted to be 
[Zn0.2 Mn0.8x Fe0.8−0.8x] [Co0.8−x Mn0.2x Fe1.2+0.8x] (x = 0.0, 0.1, 0.2, and 
0.3) from FTIR analysis. The different changes in the structural 
and morphological properties of Mn-substituted Co–Zn ferrite 
can be attributed to the rearrangement of cations at different 
sites.
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 Figure 3. FTIR pattern of Co0.8-x Mnx Zn0.2 Fe2O4 nanoparticles.
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