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Abstract:

Copper doped NiCuzn ferrites were synthesiesed by autocombustion method for studying structural and magnetic inheritance.
The nanopowders of Ni(0.8-x)Cu(x)Zn(0.2)Fe204 ferrites for x as a copper scaling 0.0 to 0.8 with advancement of 0.20 are
produced. Formation of spinel structure with single-phase proved by x-ray diffraction impressions. The lattice specifications
alongwith grain size calculated from X-ray data. The synthesiesed nanoferrites particle size ranges from 6 pm to 61 pm. The
scanning electron microscope is used to study morphology. LCR meter determines the dielectric constant and its variation with
frequency and temperature. Prepared analytes obey inter-facial polarization as predicted by Maxwell -Wagner. Variation in
saturation-magnetization (Ms) is observed 70.821 emu/g to 64.982 emu/g. These synthesiesed nanoferrites has applications in
primitive materials and electronic gadgets
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Introduction

Nickel-Copper-Zinc ferrites are spinel in nature. They are soft type magnetic materials, having applications in sensors
for measurement of temperature and humidity, multi-layer chip-inductor (MLCIs) and multi-layer LC-filters etc. Due to unique
magnetic properties soft magnetic materials having nano-meter size are widely accepted. The inheritance of such fabricated
nanopowders are very dissimilar from their bulge analogue. [1] With high saturation magnetization and high permeability the
magnetic nanomaterials show no remnant magnetization and coercivity which indicates its supermagnetic nature. Due to unique
properties of nanosized soft NiCuzn ferrites, researchers focused their interest on synthesizing them over their bulk form.
Copper doped ferrites are fascinating because of wide applications in electro-magnetic materials. During synthesis copper doped
ferrites undergoes structural phase transition along with changes in crystal symmetry [2, 3]. NiCuZn nanoferrites can be
synthesiesed by various methods. The variation in physical and magnetic properties of nanoferrites alters with particle size. The
particle size depends upon the route of synthesis, type of doping metals and concentration. [4, 5].

These observations from earlier study leads to look into function of Copper on dimensional, electro-magnetic
inheritance in NiCuZn fabricated nano-ferrites. Special properties like high electric resistivity along with soft magnetic nature at
elevated frequencies creates new gateway for improving devices like mounting of electrical components and multilayer chip-
inductors (MLCI). These devices have wide applications in telecommunication field. The efficacy SMD, MLCI depend on
structural, electro-magnetic inheritance of the fabricated nanomaterials. Advanced investigative study is must for complete
conversance of such type of nano-solids.

Materials and Methods
Lab scale manufacturing of Nanoferrites:

Ni(.59CUxZNo2Fe.04 (x = 0.0, 0.2, 0.4, 0.6, and 0.8) nanopowder fabricated through sol-gel route. Metal nitrates i.e.
Cu(NOz3)z, Zn(NOz),, Ni(NOj),, and Fe2(NOs), of analytical reagent standard are utilized for synthesis. These nitrates
solubilized in ultrapure water and heated to 800 C upto 20 minutes. Citric acid added in metal nitrate solution and pH of solution
is kept neutral by adding liquid ammonia and then heated continuously with stirring at temperature 1000 C. On complete
dehydration it converts into the viscous gel. After a while formed semi-solid mass gets combusted and incinerate rapidly. This
completes auto-combustion process giving brown colored ashes. Synthesized ferrite powders sintered at 10000 C for 3 to 4
hours. Now Nanopowder is pressed to get pellets of 11 mm diameter using hydraulic press by exerting pressure of 120 kg / cm2
for few minutes. Pellets were heated at 10000 C for 3 to 4 hours.

Characterization
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Model Bruker D8 X- ray diffractometers is utilized to get X- ray diffraction (XRD) pattern. XRD data utilized to
estimate lattice parameter, crystallite (grain) size and porosity. To elucidate dimensional study and to determine grain size
Scanning Electron Microscope, (SEM) is used. LCR meter (HP 4284 A) with 100 Hz to 1 MHz is used to measure dielectric
constant, loss factor (tan 8) at ambient environment. Magnetic inheritance of fabricated nanopowder in the field of 10 kOe is
studied using Vibrating Sample Magnetometer (VSM) in ambient environment.

Results and Discussions:
Structural Analysis:

Fig. 1 represents XRD peaks of Ni g..CUxZne.»Fe,0,4 ferrites where doping element. Copper quantity (x) with x =
0.0, 0.2, 0.4, 0.6,0.8 made using solgel route. The diffraction data confirms spinel structure with ferrite state for prepared
nanopowders. XRD patterns reveals that relative intensity along with vertex point of each diffracted signal correlates with
standard powder diffraction data [6]. The absence of impurity peak and presence of broad XRD peaks indicates the formation of
highly pure nanoferrite powder. The Scherrer formula [7] is used to estimate the mean grainsize for every set from (311) plane
of the XRD peak. Table 1 summarizes the values calculated from XRD data for crystalline size and lattice parameter. The lattice
parameter enhanced alongwith raising concentration of cupric (Cu2+) ions since ionic radius of cupric (Cu2+) ions (0.730 A) is
more as compared to ionic radius of Ni ions (0.690A) [8]. This confirms formation of cubic spinel structural ferrites [9-12].
Sintered powder XRD patterns do not show presence of any unidentified peaks indicating that there is no diffusion or any
chemical reaction took place [13].

The equation (1) determines sintered density (ds):
ds=m +m’h (1)
Here, ds— sintered density, m - mass, r - radius, h - width of sample.

Table 1 shows the variation in sintered density from 4.191 g/cm® to 4.706 g/cm® as a result of ionic variation among Ni
and Cu [14-17] and may be owing to larger density of copper (8.96 g / cm®) over nickel (8.90 g / cm®). Equation (2) given by
Smit and Wijin is utilized to determine x-ray density (dyx) [18].

dx = 8M +Na® - 2)
Here, dy - X-rays density, M — sample molecular weight, N, - Avogadro’s number, ‘a’ - lattice constant.
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Figure 1. X-Ray Diffraction Data of Nigs-xCUxZnN(02)Fe,04 ferrites.

Variation in X-ray density is form 5.401 g / cm® to 5.390 g / cm® The inverse relation between lattice constant and x-ray density
is seen from Table 1, as Cu concentration increases lattice constant (a) enhances while relative x-ray density (dx) falls down.

The equation (3) is utilized to determine percentage porosity (P) of fabricated analytes.

P=(1-%)4100 - 3)
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. Lattice Grain- Sintered- X-ray %
E:)?)mposmon Paral;neter size Density Density Porosity
‘a’ (A) (nm) (ds) (dy) (P)
0.0 8.340 6.09 4191 5.397 2.24
0.2 8.360 13.27 4.319 5.396 1.99
0.4 8.364 28.82 4.560 5.395 1.55
0.6 8.374 52.12 4.655 5.393 1.40
0.8 8.391 61.27 4,706 5.392 1.12

Table 1: Lattice Parameter (a), Grain size, Sintered density (ds), X-ray density (dy), Porosity (P) of Ni(0.8-
X)Cu(x)Zn zFe,0, nanoferrites.

Table 1 indicates percentage porosity decreases from 2.24 % to 1.12 %. With rise in Cu concentration it is observed
that sintering density rises and X-ray density decreases and it leads to decrease in porosity. It also justified in aotherway as
creation of more oxygen vacancies after doping Cu decreases the porosity as less number of cations are generated. Also
existence of pores in sample confirms the high value of x-ray density with corresponding sintered density.
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Figure 2. Typical SEM micrographs of Nig g.CuUZn.2Fe.04 ferrites for X = 0.0 to 0.8.

Fig 2. Shows the images of Nig..CuxZne.2Fe20, ferrites using scanning electron microscope. This helps to study
surface morphology. The micrographs reveals that as increase in Cu substitution enhances the granule size by 6.09 um to 61.27
um which correlates earlier published data. As Cu ions have higher atomic mobility, it rises granule size as noted by Dimri et.al.
[19, 20]. Micrographs exhibits ferrite particles are of similar size and agglomeration occurred at some particles.

Dielectric Properties:
The equation (4) is used to calculate dielectric constant

Here, C - pellet capacitance in farad, t - pellet thickness in meters, A - flat surface cross-sectional area, g, - constant of
permittivity in vacuum.

Frequency dependence of dielectric constant:

Ferrites are combination of multiple structural and microstructural elements. Fig. 3 indicates configurational changes of
dielectric-constant with 10.0 kHz frequency. Rise in Cu concentration rises dielectric constant that leads to increment in
possibilities of electrons arriving grain boundary simultaneously decreases resistivity. This results into enhancement in
polarization and dielectric constant. Fig. 4 indicates fluctuation in dielectric constant (¢) alongwith frequency. At lesser
frequencies dielectric constant is more. As frequency boost the dielectric constant declines. Dielectric constant steep downwards
upto 1 kHz, then further lowers upto 10 kHz and remains steady farther10 kHz [21]

25000 -

20000 -

10000 -

Dielectric Constant (¢)

00 02 04 06 08
x (Cu)

Figure 3. Variation of Dielectric constant with (Cu) at 10 kHz for Ni g 5. CuZn2)Fe,04 Ferrites.
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Maxwell-Wagner group inter-facial polarization is observed in all the samples which is in conformance with Koop’s

Theory [22]. At low frequencies higher values of dielectric constants are noted. This is correlated with space charge polarization
accompanied by nonuniform dielectric structure such as impurity, porosity, grain structure and resistivity of fabricated anal ytes.
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Figure 4. Change in dielectric constant ‘e’ with frequency ‘Inf* for Nig gxClZne.2)Fe20, ferrites.

Modification of dielectric constant alongwith frequency is studied by many researchers and they concluded that process
of dielectric polarization is congruent to conduction [23, 24]. In ferrites electron exchange interaction occurs between ferrous
ion to ferric ion (Fe** — Fe®") and Nickel (2+) to Nickel (3+) which causes local electrons displacement towards electric field.
This is main cause of polarization in ferrites. Dielectric behaviour ‘€’ changes alongwith frequency and accomplishes certain
value of frequency. Beyond this frequency exchange of electron does not abide by electric field.

Frequency (f) reliance of dielectric loss tangent (tan J) :

Change in dielectric loss tangent ‘tan 6’ with applied frequency ‘log f* for fabricated analytes shown in figure 5. It
shows unusual dielectric pattern showing maxima at particular frequency. Such type of behaviour is also reported for Copper-
Cadmium,[25] Lithium —Magnesium-Titanium[26], Nickel-Magnesium[27], Magnesium-Zinc[28] ferrites. The peaks are more
prominent in NiggxCu(Zne.2Fe.0, ferrites for x = 0.0, 0.2, 0.4, 0.6,0.8 than that of earlier reported investigations. Table 1
shows the frequency and tan 8 values for each fabricated sample.
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Figure 5. Change in loss factor ‘tan 8’ with frequency ‘In f* for Nig . CuxZn.2Fe.04 ferrites.
The relaxation relation gives the condition for observing a maximum [29].
Txw=1 - 5
Here t = relaxation time and ® = 2mfj .

Magnetic Properties

Figure 6 shows the change of saturation magnetization (M) with Copper composition. Saturation magnetization (M)
declines with cupric (Cu®*) ion concentration. At particular composition i.e. at x = 0.8 it reaches minimum. This is due to cation-
distribution alongwith exchange interaction as occupation of cations in A- and B-sites affects magnetic behaviour of ferrites. It
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is noted that the saturation magnetization (M;) reduces by 70.821 emu/g to 64.982 emu/g alongwith rise in copper content. As
the value of magnetic moment of copper is lower than that of nickel [30].
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Figure 6. Saturation magnetization as function of x (Cu) for Ni g g.,CuZne.2Fe20, ferrites.
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Figure 7. Graph of magnetic moment (Ms) verses concentration of x (Cu) for Ni g . Cu(x)Zn zFe,0, ferrites.
Equation 6 is used to calculate Magnetic moment (ng):

nB = Mol. Wt x Ms + 5585d ------------ 6

Here ng = magnetic moment, M = saturation magnetization and d = sintered density

Figure 7 shows a graph of magnetic moment ‘ng- verses composition of Copper for prepared ferrites. At B-site total
magnetic moment reduces by replacement of Cuprous ions (Cu?*) at octahedral site rather Nickel (Ni?*) ions. In NiCuZn ferrites
the diminishing of A-B interrelationship decreases net magnetization as magnetic moment of cuprous ions is smaller as
compared to magnetic moment of Ni?*. The values of magnetic moment from 0.783 emu/g to 0.592 emu/g shows declined trend
as reflected in Figure 7.

Conclusions

Nano-crystalline NiCuzn ferrites are formed by autocombustion route. Formation of cubic spinel structure with single
phase approved by XRD patterns. Increase in copper concentration results into decline of porosity and x-ray density for
prepared analytes while sintered density and lattice constant rises. Particle size of prepared samples varies from 6 um to 61 um.
With increase in copper concentration the dielectric constant increases as conductivity of copper is better than nickel. Space
charge polarization process is the cause of variation in tand and € and decreases with rise in frequency. Decrease in saturation
magnetization (Ms) and magnetic moment (nB) is noted. Remarkable modifications were observed in structural and electrical
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attributes due to doping of Copper in NiggxCuUxZno2)Fe,04 ferrites. Thus Nig g.oCuxZne.2)Fe,04 composition becomes a
promising candidate for MLC technological applications.
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