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Abstract: The Co-Zn ferrite (x=0.00) and Nickel doped Co-Zn ferrites (x=0.24)
was synthesized by low cost solid state reaction method and characterized by XRD
technique. The X-ray diffraction results for the samples showed the formation of
single phase cubic spinel. The lattice constant and particle size for Co-Zn
ferrite(x=0.00) is found to be 8.3465 A and 26.72 nm and for Nickel doped
(x=0.24) it is 8.3440 A and 24.21nm. Micro strain (g), Dislocation density(pp),
Hopping lengths (L, and Lg, ,Bond lengths (A - O and B-O), Ionic radii (ra and
rg), Texture coefficients (Ty) and Standard deviation (o) are also reported. The
particle size is confirmed by scanning electron microscope (SEM). The
Williamson-Hall plot and stress-strain plot also employed to understand the
mechanical properties of materials.
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Introduction

Magnetic materials which have combined electrical and magnetic
properties are known as ferrites.' Iron oxide and metals oxides are the main
constituents of the ferrites. Ferrite materials are insulating magnetic oxides
and possess high electrical resistivity, low eddy current and dielectric losses,
high saturation magnetization, high permeability and moderate permittivity.
No material with such wide ranging properties exists and therefore ferrites
are unique magnetic materials which find applications in almost all fields.
Ferrites are highly sensitive to preparation method, sintering condition,
amount of constituent metal oxides, various additives include dopants and
impurities.z'4 Ferrites are of great technological importance by virtue of
their interesting electrical and magnetic properties. They are used in
transformer cores, antenna rods, memory chips, high density magnetic
recording media, permanent magnets, transducers, activators, microwave,
medical field and computer technology.””

Cobalt ferrite (CoFe,0,) has inverse spinel structure with Co®" ions
in octahedral site and Fe’" ions equally distributed between tetrahedral and
octahedral site. It possesses excellent chemical stability, good mechanical
hardness and a large positive first-order crystalline anisotropy constant,
which made this ferrite a promising candidate for magneto-optical recording
media, biological applications, including magnetic resonance imaging
(MRI), magnetic fluid, hyperthermia (MFH), magnetic separations, and
biosensors, targeted and controlled drug delivery. Numerous method have
been employed for synthesizing ferrite particles such as Co-precipitation,®
Combustion and microwave method,” solvothermal method,'® citrate

precursor,'' solid state reaction method'” and sol-gel method."
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Many researchers explored structural characteristics of zinc ferrite,'®
Li-Ni-Zn ferrite,'” Li-doped magnesium zinc ferrite,'"® Cadmium doped
Ni—Zn ferrites,19 Zn sub of Co ferrite,20 Al sub of Co-Zn ferrite,21 and Cr
sub of Co-Zn ferrite.

Regardless of many studies, the influence of nickel doping on
structural, electrical, magnetic and optical properties of Co-Zn spinel
ferrites have not been reported so far. It finds applications in the
electronics and microwave devices due to their high electrical resistivity,
low eddy current and dielectric loss.”

In this studies we report, methodology of synthesis of Nickel doped
Co-Zn ferrite based on the low cost solid state reaction method. A detailed
structural characterization of sample was understood by XRD technique and

the morphology by SEM.

Cobalt Zinc Ferric
chlurlde chloride mule chloride

MIXED IN STOICHIOMETRIC FORM IN AGATE
MORTER, GRIND THOROUGHLY 4 HOUR FOR
HOMOGENTZATION

SINTEHRED AT 8007°C
FOR 5 HOUR

Figurel. Schematic diagram of synthesis of Cogg.x Nix Zng, Fe,O, ferrite by solid state
reaction method.
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Experimental

All the starting materials of analytical grade (Kemphasol)
CoCl,-6H,0, ZnCl,, FeCl; anhydrous and NiO were thoroughly mixed, in
stichiometric proportions acetone with a pestle in a mortar. The reaction
mass was transferred in a crucible and preheated at a temperature of 250°C
for 2 to 3 hours. The mixture was finely powdered and heated in a muffle
furnace(Mechanical work shop, B.V.B. College, Hubballi) at gradually
increasing temperatures of 60, 100, 200, 600 and 800°C for 5 hours (shown
in Figure 1). Structural characterization of ferrite powders was carried out
by using Bruker AXS D8 Advance diffractometer (Cu-Ko radiation,
wavelength=1.5406A) and particle size by SEM.

The structural characteristics of Co-Zn ferrite (x=0.00) and Nickel
doped Co-Zn ferrite (x=0.24) particles are determined by the aid of X-ray
diffraction (XRD) (Bruker AXS D8 Advance model diffractometer Cu-Ka
radiation, wavelength A=1.5406A). The morphology of the prepared sample
is examined by Scanning electron microscope (SEM)(JEOL Model JSM-
6390LV).

Results and Discussion

20 (radians)

Figure 2. XRD pattern of Coyg.Niy Zng, Fe,O, ferrite.
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X-ray diffraction analysis

The XRD patterns of Co-Zn(x=0.00) ferrite and Nickel doped Co-Zn
ferrite (x=0.24) particles are presented in Figure 2.

For pure Co-Zn ferrite (x=0.00) the diffraction pattern analysis by
using the (220), (311), (400), (422), (511) and (440) reflection plane
confirms a cubic spinel structure. For Nickel doped Co-Zn ferrite (x=0.24)
the diffraction pattern analysis by using the (220), (311), (400), (422), (511)
and (440) reflection plane also confirms a cubic spinel structure.

The peaks position and relative intensity matches with the standard (JCPDC
card 00-001-1121). This proves that synthesized sample belongs to cubic

spinel structure with lattice constant 8.3465 A (x=0.00) and 8.3440 A

(x=0.24).
Average crystallites size (D) is calculated using the Debye-Scherrer
formula.**
_ 094
fcosb (1)

Where ) is the wavelength of X-rays (1.5406 A) and 0 is Bragg’s
angle for a given peak. The accuracy of this equation is subject to the error
limitations of crystallite shape factor K and purely diffraction broadening f.
The value of K is taken 0.9 in present case. The distance between magnetic
ions (hopping length) in A site (Tetrahedral) and B site (Octahedral) (LA and
Lg) were calculated by using the following relations (2, 3).*
_ ax ﬁ

4
Caxa2
B 3)
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The bond lengths (A—O and B-O) and ionic radii (ra and rg) on A-site and
B-site are calculated using the following equation (4-7) and are presented in

Table 1.

A-O=(u-1/4)ay3 (4)
B-0=(5/8-u)a (5)
r,=(U—-1/4)a/3 —r(0*) (6)

r, =(5/8—u)a-r(O>) 7
Table 1. Calculated value of Lattice parameter (a), Volume of unit cell (V),
Hopping length (La and Lg), Bond length (A-O, B-O) and lonic radii (ra
and ).
X aA) Vv
A%

LA LB A-O B-O ra (A) B (A)
(A) A) A @A)

0.00 8.3465 581.45 3.6141 2.9509 1.8071 2.0866 0.4571 0.7366
0.24 8.3440 580.93 3.6131 2.9500 1.8065 2.0860 0.4565 0.7360

The dislocation is a crystallographic defect in a crystal structure. It
plays a very important role in understanding the influence of defects on
properties of materials at macro level. The dislocation density gives total
number of dislocations (pp) per unit volume of the material.® The
dislocation density helps in interpreting total defects. The following
relations (8-10) are used to calculate micro strain (g) in the crystal and

dislocation density (pp ). The results are tabulated in Tables 2 and 3.

micro —strain(e) = w (8)
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Dislocation Density (pp)
1

(pp) = D2 ©)
. lse
° aD (10)

Table 2. Calculation of Crystallite size (D), Dislocation density (pp) and

Micro strain (€) from formula, for x = 0.00.

SI. Angle FWHM D (A) b £
No. 20 B (x 10" m™)
) )

1 30318 0375 21941  2.0773 0.001580
2 35677 0373 223.66  1.9990 0.001550
3 43331 0382 22370 1.9983 0.001550
4 53710 0306 29092  1.1816 0.001192
5 57216 0289  313.03  1.0206 0.001107
6 62814 0280 33234  0.90536 0.001043
9 Average 267.22  1.5303 X10" 0.001337

Table 3. Calculation of Crystallite size (D), Dislocation density (°p) and
Micro strain (€) from formula, for x = 0.24.

SI. Angle FWHM D (A) pD £
No. 20 B (in X10" m™
degrees)
1 3029  0.323 254.72 1.5413 0.001361
2 35.64 0326 255.90 1.5271 0.001355
3 43362  0.341 250.62 1.5920 0.001383
4 53759  0.379 234.93 1.8118 0.001475
5 57301 039 228.54 1.9146 0.001517
6 62922  0.408 228.21 1.9201 0.001519

Average  242.15 1.7178 X10" 0.001435
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Texture analysis

The reflection intensities from each XRD pattern contain
information related to the preferential or random growth of polycrystalline
material, which is studied by calculating texture coefficient TC (hkl) for all

planes using the formula (11)*°.

I(hkl)
TC(hkl) = A(hk') (11)

1 I(hkl
(n)z K k)

where I (hkl) is the measured intensity of X-ray reflection, Iy (hkl) is the

corresponding standard intensity from the JCPDC card 00-001-1121, and N
is the number of reflections observed in the XRD pattern. Table 4 shows

variation in the TC of different (hkl) values.

Table 4. Calculated values of TC for different (hkl) values.

Miller indices Texture analysis
S.LNo h k 1 TC TC
X=0.0 X=0.24

1.5347  1.5469
1.5768  1.5838
0.8554  0.9225
0.6465 0.6018
0.6753  0.6837
0.7116  0.6612

NN AW~
EENV, N SN VS I )
=D O R~
S =N O—=O

Texture coefficient is higher than 1 indicates preferential orientation
and also indicates the abundance of grains along the given (hkl) plane. This

is fact that, the values of (220) and (311) are relatively higher value than
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other planes indicating higher orientations of crystallites along the (220) and
(311) planes.

Scanning Electron Microscope Analysis:

20KV X1,500  10pm 20KV X1,500  10pm

Figure 3. SEM image of x =0.00 and x = 0.24.

The SEM is widely used to identify phases based on qualitative
chemical analysis and crystalline Structure. Back scattered electron images
can be used for rapid discrimination of phases in multiphase samples. The
SEM analysis was carried out to investigate the detailed morphology of the
synthesized pure Co-Zn ferrite(x=0.00) and Nickel doped Co-Zn ferrites (x
= 0.24) with dopant concentration as shown in Figure 3. The micro structure
of ferrites observed average grain sizes are 2.85um to 2.35um.

Size-strain plot and Williamson -Hall plot **°

Lattice strain n and average crystalline size D were calculated using
the Williamson—Hall equation. **>°

pcosb _ l+ nsiné
A D A
The above equation is written in the format y = mx + ¢ where m=mn and ¢ =

(12)

1/D, so that the linear plot of Bcos 0 vs. sin 0 gives the slope as lattice strain
n and the intercept as 1/D as shown in Figure 4. Figure 5 represents the size-
strain plots of ferrite samples. From the graph calculated average crystallite
size (D) and lattice strain to agree with both analysis (SSP and W-H Plots).
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Accordingly, we have **2°

2
K.A P
2 2
(A B €080)™ = ——(dpyy Byq cOsO) +| —
D 2
(13)
where K is a constant that depends on the shape of the particles (for
spherical particles K= 3/4).
In this case, the comparison of all parameters between W-H plot and
SSP has been reported in Table 5.

Table 5. Comparative values of crystallite size (D), micro strain (€), and

dislocation density (pp).

X 0.00 0.24
From From
From From W-H sSp . _From W-H sSp
. From equation
D (A) equation  graph method e graph method
267.22 111 320 242.15 218 219
From From W-H From .  From W-H From
c equation  graph SSP From equation araph SSP
method method
0.001337 0.0092 0.0099 0.001435 0.00458 0.00704
Fromeqn From eqn From eqn From eqn
pp (m?)
1‘53953 1.75 X10" 1.7178 X10" 1.85X10"
X10
6,5%107 - )
B.0w107 — LAy “’"':: " .
(il ' Im.l..;p-:i:ﬁ"n
T 5.8x10"1 :(:T'\-m ”HDI: -
X Shopey = (R3S T & Bin” 4
2 sow10" 1551*15';
4ox10°” B35 030 035 040 0485 050 u'ssl —t WIS | 0 835 | 648 645 oS3 o%s

Figure 5. Williamson—Hall plot of Bcos6 vs. sinf.
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Figure 6. Size-strain plot of Nickel doped Co-Zn ferrites.
Conclusion:

Coo.3xNix Zng,Fe,04 ( X=0.0, 0.24) ferrites were synthesized from
solid state method confirmed spinal cubic structure from x-ray diffraction
analysis. Texture coefficients analysis indicates that, the grain growth is
relatively higher orientations of crystallites along the (220) and (311)
planes. SEM analysis shows that the particles are crystalline in nature. SEM
images shows regular octahedron and bead like structured grains with grain

size more than 2.35um. We have also compared the crystalline structure by

W-H plot and SSP method.
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