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Abstract

Lithium doped Nickel-Zinc ferrite material with chemical formula
Nig.o-2x ZNg1LixFes+xQ4, Where X is the ratio of lithium ions Li* (x =
0, 0.01, 0.02, 0.03 and 0.04) prepared by using sol-gel auto
combustion technique. X-ray diffraction results showed that the
material have pure cubic spinal structure with space group Fd-3m.
The experimental values of the lattice constant (aexp) Were decreased
from 8.39 to 8.35 nm with doped Li ions. It was found that the
decreasing of the crystallite size with addition of lithium ions
concentration. The radius of tetrahedral (ri¢) and octahedral (ro) site
were computed from cation distribution. SEM images have been
taken to show the morphology of compound. The dielectric
parameters [dissipation factor (Ds), the dielectric constant (£') and
a.c. conductivity (oac)] of spinal ferrite nano-powder have been
measured. The dielectric parameters as a function of concentration
have been studied for ferrite synthesis. The saturation of
magnetization (Ms), remiensis (M,) and coersivity (H;) were found
from hysteresis loop. The Ms and H; varied from 36.47 to
66.15 emu/gm and 103 to 133 Oe for ferrite synthesis, respectively.
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Introduction

Lieaill o g 3l

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  [1]. The
properties of ferrite can be modified by
controlling the redistribution of metal
ions at (A) and (B) sites; these are
primarily responsible for the behavior
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of the magnetic ferrite. In addition, a
kind of synthesis method can be

designed to adjust the physical
properties of ferrite by controlling the
parameters such as PH value,

concentration of component, and
reaction of temperature and time.
These methods can be assigned to
solid-state reaction, hydrothermal, co-
precipitation and sol-gel [2].
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Prepare nanoparticle ferrites
without any secondary phases or
impurities must be taken into account
maintaining the stoichiometry of the
starting components that be achieved
using sol-gel method [3]. Spinel
ferrites are widely used in many
electronic devices applications, such as
memory devices, computer
components and antenna rods. Ferrite
materials are also used in biological
(drug delivery, biosepration, magnetic
resonance imaging and hyperthermia),
catalysis, environmental and analytical
applications [4].

Experimental

Lithium doped Nickel-Zinc ferrite
nanoparticle with chemical formula
Ni.9-2x ZNo.1LixFe2.xOa, Where X is the
ratio of lithium ions Li* (x = 0, 0.01,
0.02, 0.03 and 0.04) were prepared

using sol-gel auto  combustion
technique. In this method,
stoichiometric ~ ratios of  nickel
nitrate  Ni(NO3),6H,0O, zinc nitrate

Zn(NO3),6H,0, lithium nitrate LiNOg,
iron nitrate Fe (NO3)s; 9H,0 and citric
acid CgHgO; the mole ratio of metal
nitrates to iron nitrate to citric acid was
taken as 1:2:3 which melted in
appropriate amount of distilled water at
room temperature and mixed by
magnetic stirrer. After a short period,
ammonia solution was added into the
mixed solution to control its PH to
reach the value to 7. The resulting sol
was heated at 80 °C with constant
stirring to form a wet gel. Dried the gel
at 200 °C for one hour to form powder.
For structural investigations as
prepared samples were characterized
by Rigaku (Ultima 1V) X-ray
diffractometer  (XRD), scanning
electron microscopy (SEM) model
JEOL JSM-840. The dielectric
measurements were carried out at room
temperature  using LCR  Meter
(Waynekerr Model: 43100) over the
frequency range 100 Hz to 1 MHz.
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Since magnetic characterization was
carried out using vibrating sample
magnetometer VSM model EV-7, at
room temperature.

Theory

By using, Braggs law the lattice
parameters (aep) for cubic crystal
calculated by the equation:

Aexp = AVHhZ + k? + [2 (1)
where: d is the inter-planar distance, (h
k 1) are the miller indices, and (aeyp) is
lattice constant, the crystallite size (D)
was calculated from the full width
at half-maximum (FWHM) using
Williamson and Hall plot's [5], the
equation is as following:

B cosd = 3 (4sin) + 2)
where B (FWHM in radian) is
measured for different XRD lines

corresponding to different planes, 0 is
the angle of Bragg diffraction, o is the
strain, A is the wavelength of Cu-Ka
(1.54 A") and D is the crystallite size.
Eg. (2) represents a straight line
between 4sin0 (x-axis) and
B cosB (y-axis). The values of & and D
are obtained by the slope (8) and
intercept (/D). The theoretical values
of lattice constant calculated by
following equation [6]:

dgh = % (rtet + Ro) + V3 (Foct +
Ro) (3)

The radius of oxygen ion is equal to
(Ro=1.38 A), rerand ro are the radius
of the tetrahedral and octahedral sites
which determined from the ionic
distribution according to the relations
[7]:

et = (0.1 = x)rg 2+ + (0.9 + X) rpgs+

) (4)

Toct = 5 [(0.9 — 2x)ryje+ + ()rpi+ +

(X)rzpz+ + (1.1)rggs+] (5)

X is the lithium ions concentration and
the values of the ionic radius are
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(rpes+ = 0.49 A’for tetrahedral site, rg 3+ = 0.645A° for octahedral = site, ryz+ =

0.69 A’, rzn2+ = 0.6 A’ for tetrahedral site, ry2+ = 0.74 A’

and r 2+ = 0.73 A")[8-10].

The dielectric constant (¢) was
calculated using the relation [11]:
(6)

g =Ct/gg A

where C is the capacitance of the
sample, t is the thickness; A is the
surface area, and ¢, is the permittivity
of free space (g, = 8.85x10 "2 F/m).

From  dielectric  constant  and
dissipation  factor (D), the ac
conductivity (oa), of the ferrite

samples can be calculated using the
relation [12]:
()

Oac = 21t £'ggDs
where o = 2nf is the angular
frequency. The magnetic moment is
calculated in Bhor magnetron using
equation: [13]

for octahedral site

where: M is molecular weight of
particular composition in gm/mol.

Ms: is saturation magnetization in
emu/gm.
Na: is the Avogadro number

Na = 6.022x 10%° mol .

ug: is Bohr magneton pg = 9.274
x10* J/T and conversion factor
lemu =107 J/T.

Results and discussion

The X-ray diffraction result of
Lithium doped nickel-zinc ferrite
nanoparticles samples are depicted in
Fig. 1. The result analyzed by
comparing it with standard {Joint
Committee on Powder Diffraction
Standards (JCDPS)} card. All peaks
observed match well with JCPDS card
n0.52-0278 of the nickel-zinc ferrite

_ MM - for single-phase cubic spinel
b = x 1073 8 gle-p p
(Ho)exp Naus ®) structure [14].
12DD = {311}
{220)
1000 - (222)
(440
- (220} 511
3 g0 (222) {400) 5
-Tg (422) | x=0.04
E 600 - | .',

400 4

200 4

28 (degree)

Fig. 1: XRD pattern of Nigg.ox ZNg1LixFe,.xO4 {where x=0, 0.01, 0.02, 0.03, 0.04}.
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The peaks can be noted wide, this
indicate the nature of nanoscale
materials. The lattice parameter of as-
prepared samples, according to the
cubic crystal structure calculated from
the main peak of spinel structure (311)
using Eqg. (1). Williamson and Hall

Mukhlis M. Ismail and Nasma A. Jaber

(W-H) plots are used to calculate the
crystallite size (D) from Eq. (2). Fig. 2
shows the linear fitting W-H plots. The
values of strain (8) was calculated from
slop and (D) measured from intercept.
The strain is neglected because it is
small values.
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Fig. 2: Williamson and Hall plot graphs for Nigg.ox Zng1LixFe,.<O4 {where x= 0, 0.01, 0.02,

0.03, 0.04]}.

The variation of lattice parameter
and crystallite size with lithium ions
concentration is shown in Fig. 3.
The lattice constant values and the
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crystallite size decrease with doped
lithium; this is attributed to large ionic
radius value of lithium ion that occupy
B-site (ri" = 0.73 A").
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Fig. 3: Variation of lattice constants and crystallite size with Li* ions concentration.

The theoretically calculated values of
the lattice constant according to the
Eqg. (3) are summarized in Table 1.
These values are found in a good
agreement with the experimental data.
The radius of the tetrahedral and

octahedral sites also calculated by
relations (4) and (5). When doped with
lithium the radius of A-site is decrease
but the radius of b-site increase as
show in Fig. 4.

Table 1: XRD pattern analysis of Li doped Ni-Zn ferrite. Experimental and theoretical
lattice constant, crystallite size and the radius of the tetrahedral and octahedral sites.

X Aexp (A) am (A" D (nm) Fiet (A") Foct (A))

0 8.39 8.35 62.9 0.501 0.665
0.01 8.37 8.35 53.7 0.5 0.666
0.02 8.36 8.35 51.3 0.499 0.667
0.03 8.35 8.35 38.9 0.498 0.67
0.04 8.35 8.35 35 0.497 0.68
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Fig. 4: Variation of tetrahedral and octahedral radius with lithium ions (x) concentration.

To show the morphology of sample
the SEM images have been taken in
Fig. 5. Note that the average grain size
of the sample obtained from SEM
images is larger than nanocrystals size,
which determined by the XRD

Nig.gsZno.1Lioo1Fe2 004

30.0kV XE8.8K 50@nm

Vv X68.8K

measurement, which simply indicates

to the agglomeration in the
nanoparticles. The samples are
spherical, uniform and having a

distribution size 62-101 nm.

Se9nm

308.0kV X68.8K| S588nm

Fig. 5: SEM images of synthesized nickel-zinc-lithium ferrite nanoparticles.
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The dissipation factor (Dyf) of Li

doped Ni-Zn ferrite as a function of
10 -

Dissipation factor (Dy)

0 200000 400000

Vol.16, No.36, PP. 140-152

frequency appear in Fig. 6.

600000 800000 1000000

frequancy Hz
Fig. 6: Variation of dissipation factor with frequency for Nigg.ox ZNg1LixF€5:4O4.

All the samples exhibit an abnormal
behavior of peaking. There is a strong
correlation between the conduction
mechanism and dielectric behavior of
the ferrites. The exchange of electrons
between ferrous ions (Fe®*) and ferric
ions (Fe**) on the octahedral site may
lead to local displacement of electrons
in the direction of the applied field,
and electrons determine the
polarization. The dielectric loss in
ferrites mainly originates due to the

electron hopping and defect dipoles
[15]. The electron hopping contributes
to the dielectric loss only in the low-
frequency range. The response of the
electron hopping is decrease with
increasing frequency, and hence, the
dielectric loss decreases in the high-
frequency range. The dielectric
constant is a function of frequency can
be seen in Fig. 7, which is decrease
with increased frequency for all
samples.
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Fig. 7: Dielectric constant as a function of frequency for Nigg.ox ZNg 1 LixFe,.Os.
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The ferrite composed of good
conducting grains separated by poorly
conducting grain boundaries. On the
application of electric field, the
electrons reach the grain boundary
through hopping, and if the resistance
of the grain boundary is high enough,
electrons pile up at the grain
boundaries and produce polarization.
However, as the frequency of the
applied external field is increased
beyond a certain value, the hopping
frequency cannot follow up the field
variation.

It decreases the probability of the
electrons reaching the grain boundary
and as result polarization decreases
which in turn causes to the decrement

0.00001

0.000008

0.000006

0.000004

ac conductivity (c,)

0.000002

0 T
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of dielectric constant. The large value
of dielectric permittivity (¢") at low
frequency is due to the domination of
Fe?* ions, oxygen vacancies, grain
boundary defects, etc., while the
decrease in ¢’ with frequency is due to
the residue of species contributing to
polarizability behind the applied
electric field. At the higher frequencies
¢' remains constant which is attributed
to the contribution of electric
polarizability only [16].

Variation of a.c. conductivity with
frequency exhibit in Fig. 8, all the
curves;  exhibit  the  significant
dispersion with frequency, which is an
important behavior of ferrites.

0 200000

The electrical conductivity in
ferrites is mainly due to the hopping of
electrons between the ions of the same
element presented in more than one
valence state and distributed randomly
over crystallography equivalent lattice
sites [17]. The dielectric parameters for
lithium doped Ni-Zn ferrite increase
with Li ions concentration. The value
of these parameters have been taken at

400000

600000 800000 1000000

frequancy Hz

Fig. 8: a.c. conductivity as a function of frequency for Nigg.ox ZNg 1LixF€2:x04.
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frequency 5x10° Hz as show in
Table 2, the variation of dielectric
constant and ac conductivity can be
note in Fig. 9. These variations refer to
the change in the number of ferrous
ions on the octahedral sites, which
plays a dominant role in the
mechanisms  of conduction and
dielectric polarization.
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Fig. 9: The dielectric constant and a. c. conductivity as a function of concentration for
Nig.g2x ZNo 1LixFe2.O,4 {where x=0, 0.01, 0.02, 0.03, 0.04}.

Table 2: Dielectric properties (capacitance (C), dissipation factor (D), dielectric constant
(&) and ac conductivity (s..) as a function of composition at frequency 5x10° Hz.

X C(F)x10™ Dy g 02 %10° s/cm

0 1.22 0.1665977 1.58 3.47
0.01 1.06 0.172 1.69 4.02
0.02 13.6 0.175 17.8 4.48
0.03 477 0.207 64.9 5.10
0.04 69.7 0.21 90.6 5.74

The hysteresis loop of Li doped
Ni-Zn ferrite show in Fig. 10, the loop

is narrow which means the papered

samples are soft magnetic material.
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Fig.10: Magnetic hysteresis loops of Nigg.ox ZNg1LixFe,.0, (Xx=0, 0.01, 0.02, 0.03 and 0.04).

The saturation magnetization (Ms)
and coercivity (Hc) values have been
directly extracted from these curves as
in insert of Figure and listed in various
Li content in Table 3. The saturation
magnetization and coercivity increase
with Lithium content and then decrease
after y=0.03, the behavior of the
saturation  magnetization can be

of  cations
super-exchange

because
and

explained
distribution
interactions.
The relationship  between the
magnetic properties and Li ions
concentration can be seen clearly in
Fig.11, where Mg and Hc values are
plotted against Li* concentration (x).
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Fig. 11: Change of saturation magnetization and coercivity with Li ions concentration.
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From Table 3, the magnitude of
magnetic moment is decrease and then
increase with Li content because of the
increase the A-B interaction between
two sites. The magnetic moments
determined by the number of ions in A
and B sites of the spinal ferrite. The
magnetic properties of samples have
been  determined by a  net
magnetization to the sub lattice site
according to Neel model. The size of
octahedral site is larger than tetrahedral
site, therefore the largest ionic radius,
moving towards B-site, the cations
distribution formula of Ni-Zn ferrite is:

24+ a3+ 24 34
(Zng1Fego)tec[NigoFerT]octOa

Vol.16, No.36, PP. 140-152

Theoretically, the magnitude of
magnetic moment can be calculated by
the equation [ = Hoct —Met SO from
cation formula and moment of each ion
(Zn?*=0, Fe*" = 5pug and Ni*" = 2pg)
therefore p, is equal to 2.8 pg which is
larger than the experimental values
(2.2 ug). After doping Ni-Zn-ferrite
with Li* ions, the Ni** ions are
replaced in the octahedral site, which
led to increase Fe®" ions in tetrahedral
sites by the same quantity to obtain
electrical neutrality. Increase in the
amount of iron ions in tetrahedral site
leads to push the zinc ions from A-site
to B-site and the cation distribution of
Ni-Li-Zn spinal can be rewritten as the
following:

2+ 3+ 2+ b 243+
(Zngi-xFegsix)ter [Nigo_oxLifZng Fei ]octO

In addition, the Theoretical values
of magneting moment py decrease.
Comparison between experimental and
theoretical values of magnetic moment
can be seen in Fig. 12. The

redistribution of the cations between
two sites led to an increase of the net
magnetic moment, saturation
magnetization, remanence and
coercivity with doping of lithium.

Table 3: The values of saturation magnetization, remanence, coercivity and magnetic

moment of fer.

X M (emu/gm) M (emu/gm) H. (Oe) | (k8)meor (M8)exp

0 52.5 16.4 103.5 2.8 22
0.01 56.14 16.8 129 2.72 2.34
0.02 63.21 20.4 132 2.64 2.6
0.03 66.15 208 133 2.62 2.7
0.04 36.47 74 108 2.56 153
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Fig. 12: The variation of magnetic moment with Li concentration.

Conclusions

The lattice constant decrease with
doped lithium and the crystallite size
of the sample change with Li doping
(x). The change in values of the radius
of the tetrahedral and octahedral sites
when doped with lithium ions means
effect on distance between ions and
cation distribution between two sites.
The dielectric properties decrease as a
function of frequency this make the
samples suitable for high frequency
applications. The saturation
magnetization, coercivity and
remanence of the material varied by
addition of Li ions. There is a big
difference between the practical and
theoretical values of the moments for

Ni-Zn- Li ferrite and the cation
distribution  effect on  magnetic
properties.
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