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Abstract
The available literature and research work on W-type hexaferrites is mainly 
focused on Co- and Ni-based calcium W-type hexagonal ferrites with a 
variety of cationic substitutions. The Modifications in the properties of the 
Calcium W-type ferrite based on Ni2+ as the divalent metal ion, however, 
is not studied sufficiently in the research literature available. In this study, 
the focus is mainly on the effects of substitution of Ni2+ on the properties of 
CaCo2W Hexaferrites. The investigations carried out are mainly XRD, SEM 
and VSM. The main objective of this research investigation is to study the 
effect of substitution of Nickel and Cobalt on the structural and magnetic 
properties of calcium W-type hexaferrite CaCo2-xNixFe16O27 (x=0, 1 and 2). 
XRD analysis and characterization revealed slight decrease in the values 
of lattice constants ‘a’ and ‘c’ with increase in concentration ‘x’. The particle 
size was confirmed from SEM and TEM images. The analysis of VSM for 
magnetic properties reveals decrease in coercivity and increase in the 
values of saturation magnetization as concentration increases. The results 
of measurements made by the various experimental techniques and the 
observations were compared to understand the crystalline and magnetic 
structure of the compounds.
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Introduction 
Magnetic materials are ubiquitous throughout 
industry. Two well-known major branches of 
magnetic materials are metallic magnetic materials 
and ceramic mag-oxides. These magnetic materials 
are called ferrites. There are three types of ferrite 
materials: spinels, garnets and hexaferrites.1-5 The 
spinels and garnets exist as cubic crystal structures, 

whereas the hexaferrites exist as hexagonal crystal 
structures. Basically, different crystal structures 
will give them different magnetic, dielectric and 
mechanical properties.6 They possess some 
common properties like high values of permeability& 
permittivity, low magnetic losses, high Curie 
temperature, good mechanical strength, and high 
values of magnetisation. W type hexaferrite crystal 
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structures belong to P63/mmc space group, and 
they have a stacking sequence of RSSR*S*S*, 
which is very similar to the stacking sequences of 
M type hexaferrites. Barium W-type ferrites has a 
molecular formula of BaMe2Fe16O27, where Me is 
usually divalent transition metal ions which occupies 
tetrahedral, octahedral and trigonal bipyramidal 
sites. Most of the divalent metal substituted W-type 
hexaferrites (i.e. Zn2W, Ni2W and Fe2W) hexaferrites 
have magnetic anisotropy perpendicular to the 
c-axis; however Co2W hexaferrites have c-axis 
anisotropy.7

In Calcium W-type hexagonal structure it is reported 
that the Fe ions have seven different sites namely 
4fvi, 2d, 12k, 6g, 4f, 4fiv, and 4e or therenexists 
five magnetic sites.8 The substitution of different 
divalent and trivalent ions into the lattice of Calcium 
W-type hexagonal ferrites can improve the magnetic 
characteristics and properties like permeability, 
and saturation magnetization.9 Hexaferrites are the 
materials having a hexagonal crystal structure. There 
are basically six different types of hexagonal ferrite 
structures like:  W, M, Z, Y, U and X. The general 
formula of hexagonal ferrites can be depicted as 
MxMez (Fe2O3)y, where the ratios of x/y for W, M, 
Z, Y, U and X are found to be 1:8, 1:6, 1:4, 1:3, 2:9 
and 1:7 respectively.10-12 Like Z type hexaferrites, 
the preferred magnetization of W type hexaferrites 
varies with different metal substitution.13-14

The divalent and trivalent cations when added to the 
sub lattices of W-type hexagonal ferrite have been 
found to create various applications. Hexagonal 
ferrites synthesized incorporating many methods 
of preparation and different physio-chemical 
conditions exihibits the complexities of structure and 
properties of these nanocrystals.15 W-type Barium 
Hexaferrite with cobalt and Nickel substitution in 
the earlier known studies exhibits slight change in 
lattice constants ‘a’ and ‘c’ with addition of nickel 
in prepared barium cobalt hexaferrite powder.16 

BaNi2Fe16O27 hexaferrite is known to exhibit soft 
ferrite nature, while other nickel substitutes barium 
cobalt ferrites show hard ferrite behavior.16 In the 
current work, the samples of W-type Cobalt and 
Nickel substituted calcium hexaferrite have been 
synthesized by microwave induced sol-gel auto 
combustion method. The effects of Co2+ and Ni2+ 

ions on magnetic and structural properties of calcium 
W-type hexaferrites have been investigated.

Synthesis
Microwave induced sol–gel auto combustion method 
is a simple and cost effective way to synthesize 
nano-scale ferrite material powders. The sol- gel 
auto combustion synthesis method involved the 
preparation of sol by dissolving stoichiometric 
amount of A.R. grade calcium nitrate, iron nitrate, 
cobalt nitrate, nickel nitrate and urea in deionised 
water. The solution was then heated at 800C on a 
magnetic hot plate with continuous stirring till a thick 
gel is formed. After evaporation of water the solution 
became a thick brown colored gel.  The gel was then 
fired inside the microwave oven. The metal nitrates 
mixed with urea decomposed to give flammable 
gases such as NH3, O2, and NO respectively. After 
the point of spontaneous combustion, the solution 
became a solid which burns at temperatures above 
12000C. The combustion process yields the material 
is porous, easily crumbled with voids and loose due 
to gases escaping during the combustion reaction.16 
The powder is then grinded into fine powder using 
a pestle and mortar. The Microwave induced sol-
gel auto combustion technique is a quick process 
producing very fine nanohexaferrite particles. The 
synthesized ferrites were put in a Muffle furnace 
in the crucible and they were sintered at the 
temperature of 8000C for the duration of 4 hours by 
gradually increasing the temperature of the furnace 
at the rate of 1000C every hour. After sintering the 
furnace was cooled at the same slow rate. Then the 
material powdered samples were further grinded 
for 4 hours duration to fine particles in a mortar and 
pestle.

Results and Discussions
X-Ray Diffraction
The XRD pattern of sample CaCo2-xNixFe16O27 for 
concentrations x = 0, 1, 2, were sintered at the 
temperature of 800oC as shown in Fig. 1-3. The 
X-ray diffraction patterns shown in Figures 1-3 
were used to determine the structural properties of 
the synthesized Calcium W-type Hexagonal Ferrite 
materials. All diffraction patterns correspond to a 
hexagonal crystal lattice and structure as published 
in ICDD-#78-0135 and they belong to space group 
P63/mmc.The XRD analysis reveals presence of 
W-ferrites(JCPDS No. 780135).
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The cell volume and lattice parameters of the W 
phases are as tabulated in Table 1. The lattice 
contants ‘a’ and ‘c’ for Co2W are found to be slightly 
lower than those for Ni2W.22 The cell volume ‘V’ 
of Co2W is observed to be slightly lower than that 

Fig.1: XRD pattern of CaCo2- xNixFe16O27 for x= 0

Fig.2: XRD pattern of CaCo2- xNixFe16O27 for x= 1

Fig.3: XRD pattern of CaCo2- xNixFe16O27 for x= 2

Table 1: XRD Calculations for CaCo2- xNixFe16O27

Concen   Lattice constant V=a2c Porosity D
-tration a(Å) c (Å) (Å)3  (%) (nm)
 
x=0 5.9608 32.8732 1167.6 46 23.19
x=1 5.7893 32.8021 1095.79 44 27.68
x=2 5.7023 32.7210 1062.42 43 48.94

of Ni2W. This is not the result of differences in the 
ionic radii of Ni2+ and Co2+ ions, as Co2+ ions have 
a slightly higher ionic radius at octahedral site  
(0.88 Å) than Ni2+ (0.83 Å).

The values of the observed X-ray density (ρx) were 
found to increase with the value of x, as shown in 
Table 1. The enhancement in the density of X-rays 
is due to the enhancement in the molecular weight 
of Calcium W-type hexagonal ferrite when Co2+ 

cations completely replaces Ni2+  cations in the 
crystal lattice.18-19

Fig. 4: EDX Spectrum of CaCo2Fe16O27 for x=0

Fig. 5: EDX Spectrum of CaCoNiFe16O27 for x=1
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Energy Dispersive X-ray Spectroscopy (EDX)
Figures. 4, 5 and 6 shows the EDX Spectra of CaCo2-

xNixFe16O27  for x=0, 1 and 2 respectively giving the 
evidence for the presence of cobalt, nickel, oxygen, 
calcium and iron in the stoichiometric  proportion as 
desired in the composition of the samples prepared. 
 
Morphology
Figure. 7 shows SEM images of CaCo2-xNixFe16O27 
for x = 1 sintered at the temperature of 800°C. 
This representative SEM image reveals granular 
hexagonal structure mainly composed of regular 
hexagonal plates having wide distribution of particle 
size. These hexagonal plates have diameters 
ranging between 30-50 nm with average grain 
size of the order of 40 nm. Ca-W hexagonal ferrite 
has single-domain size of nearly 30 nm,20 hence 
we can say that the sample consists of particle in 
multi-domain. The porosity of these particles exhibit 
relatively low porosity.

Transmission electron microscopy (TEM) images 
of all samples are shown in Figure.8 giving an idea 
about the particle size and size distribution of Ni and 
Co substituted Ca-W hexaferrite. The average size 
of the nanoparticles in the samples were calculated 
to be 48nm, 47nm and 46 nm for CaCoFe16O27, 
CaCoNiFe16O27 and CaNi2Fe16O27 respectively.
These TEM micrographs were taken by TEM-CM200 
operating at the voltage of 20-200KeV.

Fig. 6: EDX Spectrum of CaCo2Fe16O27 for x=2

Fig. 7: SEM micrograph of CaCoNiFe16O27

Fig. 8: TEM images of CaCo2-xNixFe16O27 for (a) 
x=0,         (b) x=1 and (c) x=2
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Magnetic Behavior
The Hexagonal ferrite structure consists of closely 
packed oxygen in the lattice with the cations 
existing at the octahedral, trigonal bipyramidal and 
the tetrahedral sites. The ion hopping mechanism 
between tetrahedral and octahedral sites has a 
small probability than that for octahedral–octahedral 
sites. The hopping of ions between tetrahedral– 
tetrahedral sites does not exists which facilitates the 
Fe+3 ions occuping the tetrahedral sites. If any Fe+2  

ions are developed during the sintering process, 
then they occupy octahedral sites.21

Ca-hexaferrites with Ni2+ substitutions show higher 
saturation magnetization values than that of 
unsubstituted samples analyzed in this research. 
Figures 9 & 10 show hysteresis curves of samples 
at x=0 and x=1 respectively. The increase of the 
saturation magnetization from 1.12 emu/g for Co2W 
to 1.20 emu/g for Ni-W is due to the substitution of Ni2+ 

Fig. 9: B-H curve for Ca2Co2Fe16O27
Fig. 10: B-H curve for Ca2CoNiFe16O27

Table 2: VSM Data Calculations for 
Ca2Co2-xNixFe16O27

Concentration Ms Mr Hc
  (emu/g) (emu/g) (Oe)

x=0  1.12 0.548 1137
x=1  1.20 0.484 784

ions by Co2+ ions at spin-up sites.21, 22 The coercivity 
decreased from 1137 Oe down to 784 Oe as shown 
in Table 2. This may be correlated with the increase 
of particle size of the Ca-W phase. The decrease 
in the coercivity of the sample sintered at 800° C 
is correlated with phase transformation from hard 
Ca-W to soft Ca-W Phase with enhanced particle 
size. This decrease is due to the enhancement of 
the particle size beyond the critical single domain 
size as reflected in the SEM image.

Conclusion
With microwave induced sol-gel auto combustion 
route, Ni and Co substituted calcium W-type 
hexagonal ferrite nano-particles have been 
effectively synthesized. The XRD data exihibits 
the presence of single phase W-type hexagonal 
ferrite. There is a single magnetoplumbite phase 
as no extra lines were reported in the samples. The 
indexed space group for the samples seen is found 
to be SG: P63/mmc (No. 194).The lattice unit cell 
dimensions ‘a’ and ‘c’ for Co2W ferrite synthesized 
are found to be slightly less as compared to those 
for Ni2W. The doping concentrations of Ni and Co 
are at appropriate stoichiometric ratio depicted in the 

EDX result. These elements are combined together 
to form the hexagonal phase of the ferrite material 
which was confirmed by XRD study.

SEM micrograph shows that the particles have 
hexagonal-plate structure. The SEM micrograph 
of the nickel and cobalt doped samples show a 
consistent grain growth and the samples appear 
to be mixture of homogenous individual particles. 
TEM images show that the sample has nano-
crystalline nature. The saturation magnetization 
(Ms) increases with the substitution of Ni ions in 
the calcium nano-hexaferrite. The enhancement 
in the Ms is due to the spin up state replacement 
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of Fe+3 ions. The value of coercivity (Hc) is found 
to decrease with Ni substitution due to variation in 
structure and anisotropy field. The increase in the 
value of coercivity of hexaferrite can be attributed to 
the particle size and domain structure.
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