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ABSTRACT
Ferrite samples of NjZn,FeO, (x = 0, 0.6, 0.8, 1) nanoparticles were synthesizg
the sol-gel auto-combustion technique. The go#higfresearch module is to evaluate the
structural and magnetic properties of*Nand Zfd*doped ferrite. X-ray diffraction
(XRD) and vibrating sample magnetometer (VSM) asiglyvere carried out in order to
characterize the structural and magnetic propedfesynthesizing nanoparticles. The
XRD results confirmed the formation of a single gdhaf spinel ferrite particles for an
entire series of the material. The particle size feaind to be nanometer range around 20
- 30 nm. The lattice parameter also calculatedguXiRD interpretation and the cation
distribution also discuss briefly in the preserstel@ch module. It was found that with an
increase in substitution contents of’Zipns the magnetization goes on decreases this
may be due to the occupation ofZnations at both the site of octahedral and tethatie
which causes to vary the magnetic interaction.
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1. Introduction

Ferrites are a special class of magnetic matergalenof metal oxides and ferric oxides,
which is in the form of their main compositions [1The magnetic, electrical and
dielectric properties of ferrite have made moreaattve in the recent field of science and
technology because of these novel properties otde2]. It is applicable in magnetic
switches, microwave devices, microelectronic deyjigensors, electromagnetic circuits,
transformer core, antenna rods and in the fielthiomedical [3]. These properties are
strongly dependent on a method of synthesis, tingposition of chemicals, grain size
and surface morphology etc. [4] Ferrites is broadilyided into two categories 'soft-
ferrite' and 'hard ferrite' depending on the maignptoperties it is different in many
cases, such as structural, chemical compositiognete and electrical properties. The
soft ferrite is the materials that are magnetizad aasily demagnetize, whereas hard
ferrites are those that are difficult to make maignand demagnetize [5]. In the present
research module we are deal with spinel type sofité with the chemical composition
of NiyZnFeO, (x =0, 0.6, 0.8, 1)
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2. Experimental

2.1. Materials

The raw materials used for sol-gel auto combussigmhesis of Ni,ZnFe0, (x = 0,

0.6, 0.8, 1) nanoparticles were Nickel nitrate ((NO3),.6H,0), Zinc nitrate (Zn
(NO3),.6H,0), ferric nitrate (Fe (N€)s;.9H,0), Urea (NH-CO-NH,). All the reagents
used for the synthesis of cobalt ferrite nanoplaigvere analytical grade.

2.2. Synthesis

NiZnFeO, (x = 0, 0.6, 0.8, 1) nanoparticles were synthesiby sol-gel auto
combustion method using urea as a fuel. The stmiogiric proportions of metal nitrates
were taken into separate glass beakers. These stiered for 30 minutes to dissolve
completely into the double distilled water. Aftesnaplete dissolution, they were mixed
properly. Then the solution was regularly stirresihg magnetic stirrer and heated at 70-
80°C for 4h on a hot plate. Slowly it converts intsaous gel, and then the gel was kept
in a microwave oven for an instant fire at 600 &bt maximum 5 to 10 min. The dried
gel started and finally, the powder was obtainelde Bs-prepared ferrite powder was
ground for 4 hrs and annealed at 8GCor 4 hrs in a muffle furnace.

2.3. Characterizations

In the present work, Nickel Zinc substituted spifegtite samples were synthesized by
sol-gel auto combustion method and characterizeXgty diffraction technique and
Vibrating sample magnetometer. X-ray diffractionttpans of all the samples were
recorded in the @verses intensity count with a scanning rate 08 égrees per minute
using Cu-Ku radiation of 1.54064 wavelength. The effect of substitution of divalent
Zinc into the Nickel substituted spinel ferrite the structural and magnetic behavior etc.
was studied using XRD machine and VSM machine.

3. Resultsand discussion

3.1. XRD (x-ray diffraction)

The x-ray diffraction pattern of the sintered?Ni Zn**doped spinel ferrite nano particle
as shown in figure 1, from the (h k) planes (1)1(220), (311),(400),(422),(51
1), (440) (62 2)and (5 3 3), we confirming #iegle-phase cubic spinel structure of
prepared sample [6]. The lattice parameter and ttesipective crystalline size were
mentioned in table 1. The average crystallite gias calculated using Scherer’s formula
[7]. We notice that the lattice parameter incregiselually with the substitution of Zh
ions, this may be due to the large ionic radiusZof (0.74 A) as compare to Ni
(0.70A). In Fig. 1, the shift of (3 1 1) plane withe increase of Zfcontent to the
smaller diffraction angles indicating that the sé&npith higher ZA'concentration has a
larger lattice parameter [8]. This is attributedthe fact of different radius of Zfand
Ni** cations which means that the larger the ionid tadjer are the lattice parameter [9].
Particle size was observed to decrease with theeasing addition of Zions. The
cation distribution has been calculated manuallyusing X-ray diffraction data. We
observed F& cations were occupied mostly in tetrahedral sikewing almost an
inverse-spinel type structure. Zrions are known to occupy tetrahedral (A) sitesyal

as Octahedral B site due to their strong preferenceoctahedral coordination the
distribution of Zii*ions, is more at B site [10]. The distribution atio is shown in table
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1. These results are proved to be consistent Wéhraésults of magnetic measurements.
The cation distribution in NiZnFe0O, (x = 0, 0.6, 0.8, 1) can be deduced from the X-
ray diffraction technique comparative intensityotdéted by using the following formula
expressed by Buerger [11]

Ink. = |FI*PLp 1)

whereF is known as structure factor, and multiplicity factenoted by R.,, consider as
Lorenz-polarization factor which depends on Bragtif§action angled

14+Cos?20
Lp = Sin%0 cos 6 (2)
The formulae for the multiplicity factor and Lorenpolarization factor are taken from
the literature [1, 12]. The structure factor (F} f@rious elements (Fe, Ni, Zn and O)
were obtained from the literature [1, 12].
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Figure 1. XRD pattern of Ni,.Zn,Fe0O, (x =0, 0.6, 0.8, 1)
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St. No. Samplt Crystalline size Lattice
(nm) parameter (A)

1 NiFe0, 33 8.406:

2 Nio.4ZNo dF€,0,4 30 8.391(

Nig2Zng gF€,0,4 28 8.371°

ZnFe,0, 26 8.370:

Table1: XRD data

3.2.VSM (Vibrating Sample Magnetometer)

Fig. 2 shows the hysteresis loops of MinFeO, (x = 0, 0.6, 0.8, 1) ferrite nano-
powders. The Saturation magnetization (Ms) andabagy (Hc) of nano-powders as a
function of Zrf*substitution in Nickel ferrite are shown in Fighs decreases gradually
with the increase of Zfsubstitution because Zhas no magnetic moment [13].
Magnetic properties of ferrites are sensitively elegent on the structure, composition,
defects, crystallite size, internal strain andaratlistribution [14]. The magnetic moment
of cubic spinel ferrite can be calculated by MBMA, where MA and MB are the
magnetizations of A and B-sites respectively, #fomagnetic moment calculated using
equation number 3 which is well agreement with eatier and mention in table
number 2.

L s
HB_ Moleculer weight XM ( 3)
- 5585

The calculated magnetron number using XRD dataearer to experimental data
obtained from VSM which confirms the collinear matjo structure in Zfidoped Ni
spinel type ferrites [15]. Since the substituting‘Tn occupied at A site and B site play
an important role for the magnetization of materidhe inherent magnetic moment of
Fe* is 5, Ni%* is 2 s and for ZA" is 0 1 [16]. But when we pay attention to the
cationic distribution, then we found that®Niand Fé&" ions both are distributed on
tetrahedral and octahedral sites for the value af(x[17] [18]. We also notice that the
content of Ni* ions occupy less at A site and®Feistributed in the ratio of 1:2 hence the
Fe** is highest for the X = 0 value and lowest for 1 and hence the magnetization is
large for nickel ferrite and vice versa for zinerfie is lowest [19] [20].
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Figure2: Magnetization behavior of Njzn,FeO, (x =0, 0.6, 0.8, 1)

Sr NigyxZngFe04 Cation Distributiol Magne Magne Magne
N  composition -ization tron tron
0. () (emu) number number
(Me)from ()
XRD from
VSM
1 0 (Nio.41F€0.09) [Nio.sd€rod 2.92 0.8€  0.122¢
2 0.€ (Nig 2120 067€0.99)[Ni0.10Z2N0 547€1.01] 1.87 0.0¢ 0.079¢
3 0. (Nlo1lzn00d:61)[Nloogznochel] 1.1¢ 0.04 0.051:
4 1 (ZNng.01F€0.999 [ZNg.oF€1.001] 0.91 0.01 0.004:

Table 2: Agreements of cationic distribution and magnetmment
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4. Conclusion

The magnetic material Nizn,FeO, (x = 0, 0.6, 0.8, 1) has been successfully
synthesized by sol-gel auto combustion method dratacterized through XRD and
VSM. With the help x- ray diffraction study we cdude that the prepared synthesized
material is belong to space group Fd3m having sipglase cubical structure. We may
also conclude that the lattice parameter is diygmtbportional to ionic radii as we found
in the present research module the lattice pararmeteases with increasing ionic radii.
The VSM study reveals B-H curve which is close nésie to super-paramagnetic in
nature because the area of loop is very smallHautoercivity (Hc) could not found to be
zero since the material is not exactly super-pagm®tc in nature. The saturation
magnetization is decreases with increasing’@mcentration in the material, Nickel
ferrite alone having highest magnetization and ddition to Zrf'in Nickel ferrite the
magnetization is fall down and finally the magnetian of Zrf*ferrite alone is lowest.
The value of magnetization and magnetron numberutatbd from VSM and XRD
cation distribution is having good agreement wilbteother
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