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ABSTRACT

In this work we have synthesis the Ni-Zn ferrite
nanoparticles having composition Nioes Zn o3sFeO; at
two pH values 7 and 8, synthesized by wet chemical sol-
gel autocombution method using L-Ascorbic acid as
chelating agent. The single phase cubic spinel structure
was confirmed by X-ray diffraction studies. The surface
morphological studies were carried out using scanning
electron microscopy using JEOL JSM-6360 scanning
electron microscopy (SEM). The effect of pH values on
structural properties of synthesized nanoparticles has
been investigated. Lattice parameter (a) increases, X-ray
density (dx) decreases, Unit cell volume (V) increases and
Crystallite size (t) increases with increase in pH value
from 7 to 8. The grain size obtained from SEM images
show decreasing trend with increasing pH Value.

Keyword: Ni-Zn spinel ferrite, sol-gel auto combustion
technique, XRD, SEM.

INTRODUCTION

Nano sized spinel ferrite particles, a kind of soft
magnetic material with structural formula M-Fe;Oy are
one of the most attracting a novel class of magnetic
material due to their interesting and most important
properties, such as low melting point, high specific
heating, low saturation magnetic moment and low
magnetic transition temperature [1, 2]. Ferrites with
electrical, dielectric, magnetic, optical, gas sensing etc.
properties find numerous applications in variety of fields
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The important electrical as well as magnetic properties
of spinel ferrite are sensitive to various factors viz.
synthesis technique, variation in synthesis parameters
in corporation with dopants at interstitial sites and
[4]. The most
influencing synthesis parameter is pH of solution.

nature and amount of dopant

Many of the applications of spinel ferrites depend
upon synthesis parameters such as pH, fuel, sintering
temperature, sintering time etc. ultimately the size of
nanoparticle. The properties of spinel ferrites can also
be improve by suitable dopants or cautions and by
optimizing the various synthesis parameters like pH,
sintering time, sintering

temperature, sintering

atmosphere [5-7].

METHODOLOGY

In the synthesis of Nickel -Zinc spinel ferrite AR grade
with high purity (99.99 %) nitrates of metal ions
(Nickel, Zinc and ferric) were used and L-Ascorbic
acid was used as fuel. All as nitrates and L-Ascorbic
acid as per calculation was taken and dissolved in
minimum amount of double distilled water in
separate beaker. The metal nitrate to fuel ratio was
taken 1:3. All these solutions are mixed homogenously
in single beaker by continuous stirring. Ammonia was
added to adjust the p" of value 7 and8 of initial
solution. This solution was evaporated at 75% to get a
dense sticky gel, then temperature was increased to
110% for the dehydration process. The temperature
was then increased rapidly and when it reached
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Fig .1 (a) x-ray diffraction pattern of Nig5Zno35Fe2O4

nanoparticles for pH -7

approximately 1200 large of gases (CO», H2O, and Ny
were liberated and dark brown power was produced
through combustion process. The prepared power of
Ni-Zn spinel ferrite is sintered at 500°% for 6 h and
various properties of Ni-Zn ferrite were studied.

RESULT AND DISCUSSION

Structural characterization:

Phase formation of the cubic spinel structure samples
was examined by X-ray diffraction XRD) pattern
obtained using Rigaku Corporation, Japan
diffractometer at room temperature. The pattern was
recorded using Cu-Ka radiation (\=1.54182 A) in the
20range 20° - 80° with step size 0.02° and time/step 2
s. Structural information such as the present phases,
lattice parameter and crystalline size can be extracted

from the samples diffraction pattern

X-ray diffraction study:

Fig.1 (a) and (b) shows the x-ray diffraction pattern of
Ni-Zn samples synthesized at pH-7 and pH -8.X-ray
diffraction analysis revealed that all the diffraction
peaks seen in the XRD pattern well match with the
standard pattern of pure nickel ferrite. The analysis of
XRD pattern revealed the formation of single phase
cubic spinel structure. The peaks of the XRD pattern
corresponds to (220), (311), (222), (400), (422), (511)
and (440) planes. The width of diffraction maxima
peaks of planes (311) reduced and intensity of peaks
increased as the pH value increases.
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(b) x-ray diffraction pattern of Nig,e5ZnossFe2O4
nanoparticles for pH -8
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Table 3.1 (a): Miller indices (h k 1), Bragg’s angle (0), Interplanar spacing (d), Intensity (I) and Relative intensity

ratio (I/1o) of Nigs5Zno35Fe;0O4 nanoparticles (pH- 7)

(hkl) 20 (degree) 0O (degree) Sin (0) Sin (0)/A d (A) I (a.u) I/To
(220) 30.191 15.0955 0.2604 0.1690 2.9571 782.7 40
(311) 35.587 17.7935 0.3056 0.1984 2.5201 1933.4 100
(222) 37.257 18.6285 0.3194 0.2073 2.4109 277.5 14
(400) 43.227 21.6135 0.3683 0.2391 2.0907 425.0 22
(422) 53.601 26.8005 0.4509 0.2927 1.7080 222.8 12
(511) 57.116 28.5580 0.4780 0.3103 1.6109 4343 22
(440) 62.699 31.3495 0.5203 0.3377 1.4802 512.5 27

Table 3.1 (b): Miller indices (h k I), Bragg’s angle (0), Interplanar spacing (d), Intensity(I) and Relative intensity

ratio (I/1o) of NigesZnos5Fe;O4 nanoparticles (pH-8).

(hkl 20 (degree) O (degree) Sin (0) Sin (0)/A d (A) I (a.u) I/1o
(220) 30.186 15.0930 0.2604 0.1690 2.95830 738.0 37
(311) 35.576 17.7880 0.3055 0.1983 2.52145 1977.3 100
(222) 37.175 18.5875 0.3188 0.2069 2.41658 253.8 13
(400) 43.214 21.6070 0.3682 0.2390 2.09183 450.6 23
(422) 53.559 26.7795 0.4506 0.2925 1.70964 210.2 11
(511) 57.084 28.5420 0.4778 0.3101 1.61216 520.6 26
(440) 62.764 31.3820 0.5207 0.3380 1.47923 608.5 31

Table 3.2: Lattice parameter (a), X-ray density (dx), Unit cell volume (V) and Crystallitesize (t) of

Ni 65Z1n0.35Fe,04 nanoparticles (pH-7, 8)

‘pH’ a dx \% Crystallite size
maintain at (A) (gm/cm3) (A3) ®)
pH-7 8.3640 5.3748 585.557 22
pH-8 8.3678 5.3671 586.334 24

Table 3.3: Hopping length (La, Ls), Tetrahedral bond (dax), Octahedral bond (dsx), Tetraedge (daxg) and Octa

edge (dsxg) of Nio.e5Zn935Fe204 nanoparticles (pH-7, 8 ).

‘PH’ La Ls dAX

dBX

0 dAXE dBXE
Maintain at (A) (A) (A) (A) (A) (A)
Shared Unshared
pH-7 3.6217 2.9571 1.8978 2.0420 3.0911 2.8152 2.9588
pH-8 3.6235 2.9585 1.8987 2.0430 3.1005 2.8165 2.9602

Table 3.1(a) and (b) gives the miller indices (hkl),
Bragg’s angle (20) along with their corresponding
interplanar spacing (d) values, intensity and relative
intensity ratio of the Ni-Zn ferrite with varying pH
values. It is seen that the interplanar spacing (d)
values shows gradual decrease with increasing
Bragg’s angle. The intensity of (311) plane is more as

compared to other planes. The lattice constant value

ISSN 2322-0015

‘7

a (A) of Nio5Zn035Fe204 nanoparticles synthesized at
different pH was determined by using the relation [9].
The obtained values of the lattice constant (a) are
tabulated in Table 3.2. There is slight changes were
‘a’ which could be

associated with the pH solution. The results presented

observed for lattice constant
in Table 4.2 show that the lattice parameters a, b and ¢

agree with the equation a = b = ¢, indicating that the
prepared sample belongs to cubic lattice. The average
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crystallite size of NipesZnossFe2Os nanoparticles
synthesized at two pH value (pH-7,8) was determined
using the relation [10].

The obtained values of the crystallite size are
tabulated in Table 3.2. Using the Scherer’s formula,
the variations of full-width at half maximum (FWHM)
at different XRD peaks indicated that the average
crystallite size of the nanoparticles were about 22, 24
nm corresponding to the pH of 7, 8 respectively. The
average crystallite size is increased as the pH
increases. Due to the rapid combustion rate and high
flame temperature with increasing pH, higher pH
produces larger crystallite size and good crystallinity.
It has been experimentally observed by some
researchers that nanocrystalline powders are quite
susceptible to the formation of inter-particle London-
van der Waals bonds either in the wet or in the dry
state due to their very fine particle size [11]. The X-ray
density (dx) of NioeZnossFe O
synthesized at two pH value (pH -7, 8) was calculated

nanoparticles
by using the relation [8, 12].

The X-ray density depends on the molecular weights
of the samples and lattice constants. The X-ray density
values are tabulated in Table 4.2; the obtained values
of X-ray density are in reported range, which are
depends on lattice constant, therefore same nature of
lattice constant observed in the X-ray density value
with increase pH of sample. The value of volume of
unit cell value determined from cube of lattice
constant, which indicate that the volume of the unit
cell depends on the lattice constant, therefore same
nature of lattice constant observed in the volume of
unit cell values with increase pH of sample.

Various other structural parameters like hopping
lengths (La, Lp), tetrahedral bond length (dax),
octahedral bond length (dsx), tetra edge (daxe) and
octa edge (dsxg) were evaluated from relation for two
pH value [13, 14]. Using the values of the lattice
constant (a), the various other structural parameters
like hopping lengths (La, Ls), tetrahedral bond length
(dax), octahedral bond length (dsx), tetra edge (daxe)
and octa edge (dpxg) were evaluated from XRD data
for different pH value and indexed in Table 3.3.

The obtained structural parameters are depends on
lattice constant values, there were no increasing or

decreasing trend observed in the hopping lengths
(La, L), tetrahedral bond length (dax), octahedral
bond length (dsx), tetra edge (daxg) and octa edge
(dexe) values with increasing pH value of Ni-Zn
sample.

The tetrahedral A-site ionic radii can be calculated
using the value of lattice constant ‘a” and oxygen
positional parameter ‘u’ (u = 0.381A) as:

. (%)F(Z)A

o

where, ‘ra represents radius of tetrahedral (A) site
cation,"u” oxygen positional parameter, ‘O’ represents
radius of oxygen anions. The octahedral B-site ionic
radii can be calculated using the equation:

Where, rg represents radius of octahedral [B] site
cation.

Table 3.4: Ionic radii (ra, r8) of Nio.e5sZno 35 Fez Oy
nanoparticles (pH-7, 8).

‘pH’ Maintain at ra(A) rs(A)
pH-7 0.5778 0.7208
pH-8 0.5787 0.7218

The values of tetrahedral (A-site) and octahedral [B-
site] of ionic radius are given in Table 4.4. The values
of tetrahedral (A-site) and octahedral [B-site] value
depends on the values of lattice constant, therefore, it
is found that obtained values tetrahedral (A-site) and
octahedral [B-site] are in reported range. There are no
more changes observed in tetrahedral and octahedral
ionic radii values with increasing pH of sample [15,
16].

CONCLUSION

Nanocrystalline Ni-Zn ferrite has been synthesized at
different pH via Sol-gel auto combustion method,
which is characterized on nanosized shape etc by X-
Ray diffraction. The particle size is in the range of 22-
24nm. The particle size increases with increase in pH
value. The prepared Ni-Zn samples annealed at
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temperature 500 °C for 2 hr is formed a good
crystalline cubic phase spinel structure. The grain size
is in the range of 78-89 nm for two pH values. With
increase in pH from 7 to 8 the grain size decreases.
The surface morphology of the prepared samples is
strongly influenced by pH. The grain size obtained
from SEM images show decreasing trend with
increasing pH.
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