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Abstract

Lithium ferrites have attracted considerable attention because they have been used as replace-
ments for garnets due to their low cost. A series of polycrystalline ferrite samples with the compo-
sition of LiyZnge-2xCuo+Fe204 (x = 0.05, 0.1, 0.15, 0.2, 0.25, 0.3) at different chemical reaction tem-
perature (100°C, 125°C and 150°C) were prepared using non-conventional microwave sintering
method. The characterization was carried out using X-rays technique. The X-ray analysis confirms
the formation of single phase cubic structure. The lattice parameter ranges from 8.3690 A to
8.4653 A. The X-ray density shows the variation as a function of temperature of synthesis. The
variation of AC susceptibility with temperature shows the existence of single domain structure for
x 2 0.2 when the chemical reaction carried at 125°C and 150°C and exhibits super paramagnetic
structure for all the composition prepared at 100°C. The samples x < 0.2 shows multidomain
structure for all the samples prepared at 125°C and 150°C. The Curie temperature obtained using
the susceptibility data are found to be in the range 350°C to 700°C. An attempt has been made to
synthesis the nanoparticles at lower reaction temperature by using non-conventional microwave
sintering method.
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1. Introduction

LiZn and substituted LiZn ferrites have been found to be excellent material in permanent magnets, high density
recording media, absorbers and microwave devices due to their low costs, high resistivity and low eddy current
loss [1] [2].

In view of the wide ranging applications, mixed lithium zinc ferrites have been chosen for the present study.
Substituted lithium ferrites synthesized at lower temperature have advantage of better properties in microwave
frequency range [3]. Recently microwave assisted combustion synthesis has emerged as an attractive technique
for the production of homogeneous, high purity and crystalline spinel powders. The microwave synthesis is fun-
damentally different from the conventional synthesis in terms of its heating mechanism. In a microwave oven,
heat is generated within the sample volume itself by the interaction of microwaves with the material [4]-[6].
Several studies have been reported on substituted lithium ferrites synthesized using different technique [7]-[9]
therefore an attempt has been made in the present communication to report the structural properties of Zn subs-
tituted Li-Cu ferrite synthesized using microwave induced combustion synthesis route.

X-ray characterization techniques based on structure and microstructure refinement are usually preferred to
determine unit cell dimension, imperfections and the reason for the phase transformations of the synthesized
material [10] [11]. The ferromagnetic material shows susceptibility below transformation temperature i.e. Curie
temperature. The microstructure, grain size play important role in deciding the AC susceptibility. The shape of
susceptibility curve has been related by some authors to the domain state of the grains in the sample [12]-[14].
Beside is the thermal variation of AC susceptibility can provide the information about type of anisotropy within
the materials and the Curie temperature [15]. In the present work we have investigated the effect of several pa-
rameters on the structure of the ferrites and magnetic properties of ferrite. These parameters include the influ-
ence of reaction temperature and the effect of microwave treatment.

2. Experimental

Zinc substituted Lithium copper ferrite having general formula of LixZn6-2xCuo4Fe20,4 (x = 0.05, 0.1, 0.15, 0.2,
0.25, 0.3) have been prepared at three different chemical reaction temperature using non-conventional micro-
wave sintering method. Ferric Nitrate, Zinc Nitrate, Copper Nitrates, Lithium Nitrate-AR grade were used as the
starting material. The stoichiometric proportions of the nitrates were weighed and added in 100 ml of distilled
water to produce an aqueous solution. The solution kept in paraffin oil bath at three different chemical reaction
temperature 100°C, 125°C and 150°C with constant stirring using the magnetic stirrer for three hours, in which
the release of nitrates fumes results into the formation of thick slurry. The slurry was then transformed into the
modified microwave oven (Model-GMS 17M07 WHGX). The microwave assisted combustion synthesis involv-
ing hydrothermal reactions were carried out in modified domestic microwave oven operating at maximum pow-
er output of 700 W. The irradiation was given in the form of pulses for nearly 30 to 32 minutes and the process
was stopped when nitrous gases were evaporated completely. Finally the required brown coloured composition
is formed. The obtained ferrite powder was then crushed in agate morter.

Formation of ferrite was confirmed by X-ray Diffractometer D 8 Advance (by M/s Bruker AXS), GmbH, Ger-
many, using CuKa (1 = 1.540589 A) radiation. Crystal structure was determined from XRD data. AC suscepti-
bility of powdered samples was measured in the temperature range 400°C to 800°C on AGICO KLY-45 set up.

3. Result and Discussion

3.1. X-Ray Diffraction Pattern

Powder X-ray diffractometry of the ferrite samples showing well defined reflections reveal the formation of sin-
gle phase cubic spinel ferrite. Typical X-ray diffractograms of the compositions are shown in the Figures 1-3. It
is observed that the positions of the peaks are match with the standard JCPDS [16]-[18] data clearly indicating
the single phase formation of the spinel ferrite.

3.2. Lattice Parameter

The lattice parameter of all the samples has been calculated from X-ray data of the [311] diffraction peak. The
variation of the lattice parameter with Zn content for all the samples at different reaction temperature is depicted
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Figure 1. XRD of the composition—100 Deg.
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Figure 2. XRD of the composition—125 Deg.

in Figure 4. From figure, it is observed that the value of lattice parameter linearly increase with Zn®* content
obeying Vegards law [19]. This may be due to the Zn** ion having large ionic radius, which when substituted re-
sides on A-site and displaces small Fe** ion from A-site to the B-site. Similar results for Li-Zn ferrite system
have been reported by S. A. Jadhav et al. [20]. When ions of larger radii are substituted, this cause a lattice to
expand and a linear increase in lattice parameter is therefore expected [21]. This suggests that the occupancy of
Zn* on Assite. Similar results are observed in rare earth substituted Li-Zn ferrite system [22].

S. A. Mazen et al. [23] have reported the value of lattice parameter in the same range and they have synthe-
sized samples by ceramic method and sintered the samples at 800°C. The results in the present communication
are in accordance with the other reported values for Li-Zn composition [20] [22]-[23]. The sample prepared at
100°C shows the greater values of lattice parameter as compared to the samples prepared at 125°C and 150°C.
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Figure 3. XRD of the composition—150 Deg.
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Figure 4. Lattice parameter with composition.

The value of lattice parameter increases with increase in reaction temperature. This can be attributed to the
chemical kinematics [24]. It was found that the rates of most of the chemical reaction increase with temperature
therefore it has been found that the temperature at 125°C and 150°C have effect on the phase structure, crystal
size and lattice constant.

OALibJ | DOI:10.4236/0alib.1100697 4 June 2014 | Volume 1 | e697


http://dx.doi.org/10.4236/oalib.1100697

S. S. Khot et al.

3.3. X-Ray Density

The calculated values of X-ray density are listed in Table 1. X-ray density shows the variation as a function of
temperature of chemical reaction and with respect to the Zn content. From these values, it is observed that the
X-ray density shows increasing trend with increase in Zn concentration. The increase in densities can be as-
cribed to the atomic weight and density of Zn** (65.38 and 7.14 gm/cm®) which are higher than the Li** (6.939
and 8.96 gm/cm®), Cu®* (63.564 and 8.96 gm/cm?) and Fe** (55.847 and 7.86 gm/cm?®) [25]. The replacement of
Fe® by larger Zn ion and the molecular wt. has more increment when compared to the volume of the unit cell
[25], therefore the X-ray density increases with increase in Zn concentration.

The sample prepared at 100°C having X-ray density in the range 5.291 gm/cm? to 4.999 gm/cm?® while for
samples whose chemical reaction carried out at 125°C and 150°C, the X-ray density lies in the range 5.267
gm/cm? to 4.987 gm/cm? and 5.191 gm/cm? to 4.987 gm/cm? respectively. As temperature of chemical reaction
increases from 100°C to 125°C, the X-ray density decrease and again it increase for the temperature 150°C. The
change in X-ray density could be attributed to the temperature dependent activation energy for the reaction i.e.
reaction kinematics, atomic weight and radii of constituent ions [26]. Similar results are reported by S. A. Mazen
et al. [23] and Muthafar F. Al-Hilli [27]. S. Manjura et al. [25] have reported the value of Dx in the range 4.6
gm/cc to 5.2 gm/cc for Li-Cu mixed ferrite and they synthesized the samples by the solid state reaction method
and sintered at 1000°C.

Particle size for all the compositions shown in Table 1 was estimated by Scherer’s formula [20] given by,

094
Bcosé

where t is the diameter of the crystal particle, / is the wavelength of the target used (here CuK, = 1.5418 A), B is
the full width at half maximum of diffracted line in radian.

The particle size for all the compositions was observed to vary in the range 18.49 - 41.93 nm, which con-
firmed that the synthesized powder has nanocrystalline nature. This proved that microwave assisted combustion
method results in nanocrystals.

)

3.4. AC Susceptibility

Polycrystalline magnetic material consists of three types of domain states viz single domain, multi domain and
super-paramagnetic [28] For SD samples, yac increases and shows maxima at blocking temperature drops
sharply to zero at Curie temperature. For MD samples, yac remains independent upto a certain temperature and
drops sharply at Curie temperature. For SP samples, yac decreases with increases in temperature [28].

Based on this inspection, the results of the samples prepared at different reaction temperature are discussed.
Figures 5-7 show the variation of normalized susceptibility against temperature.

1) The sample synthesized at 100°C: From Figure 5, it is observed that the normalized susceptibility decreas-
es with increase in temperature and it falls close to the Curie temperature in the range 400°C to 660°C. The
composition shows the characteristic of Halfkinson curve [22]. Based on this, it suggests that the composition
can be attributed to the existence of SP nature. The explanation of experimentally observed Hopkinson peak

Table 1. Variation of X-ray density and crystalline size with composition and temperature of synthesis.

X-ray density (gm/cm?) Crystal size (nm)
Composition

100°C 125°C 150°C 100°C 125°C 150°C
0.05 5.291 5.263 5.191 34.57 40.90 41.00
0.1 5.282 5.247 5.213 30.13 24.90 30.44
0.15 5.154 5.141 5.167 31.64 37.00 31.54
0.2 5.128 5.103 5.078 30.90 28.19 34.52
0.25 5.027 5.014 5.051 36.01 37.01 33.23
0.3 4.999 4.987 4.987 20.39 18.58 26.22
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Figure 6. Normalised susceptiblity 125 Deg.

based on superparamagnetic state at a blocking temperature just below Tc is proposed. This peak turns out to be
associated with the transition from the region of stable magnetization to super-magnetic state with connection of
drastic fall of magnetic anisotropy [29].

2) The sample synthesized at 125°C: The temperature dependence of the normalized susceptibility for the
sample carried the reaction at 125°C is shown in Figure 6. A change in domain structure was observed. The
composition x = 0.05, 0.1 exhibits SP nature. For the composition x = 0.1, 0.15, AC susceptibility has been
found independent of temperature and drops off at Curie temperature, which suggests the existence of Multido-
main structure [30]. The composition x = 0.2, 0.25, 0.3, yac increases slowly and shows a peak at blocking tem-
perature and drops at Curie point, which suggests the existence of single domain structure [31]. Thus the sample
synthesized at 125°C shows change in structure from SP to MD and then to SD. The composition shows the Cu-
rie temperature in the range from 415°C to 580°C.

3) The sample synthesized at 150°C: Figure 7 shows the variation of AC susceptibility with temperature. It is
observed that, the composition x = 0.05 exhibits SP nature while x = 0.1, 0.15, 0.2 shows MD structure and x =
0.25, 0.3 shows SD structure. The Curie temperature lies in the range 400°C to 600°C.
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Figure 7. Normalised susceptiblity 150 Deg.

From above discussion, it is observed that the change in domain structure depends on the temperature of
chemical reaction and substituted Zn concentration. For lower concentration of Zn, sample x = 0.2, 0.25, 0.3
shows single domain, and x = 0.15, 0.1 exhibits multidomain structure. The high concentrated Zn samples, x =
0.05, 0.1 shows SP nature.

Sample prepared at 100°C exhibits SP nature. As temperature of reaction increases to 125°C and 150°C, sam-
ple exhibits single domain and multidomain structure. This can be attributed to chemical kinematics. Increasing
chemical reaction temperature, increases reaction rates because of the disproportionately large increase in the
number of high energy collisions. Collisions only result in a reaction if the particles collide with enough energy
to get the reaction started. This minimum energy required is called the activation energy for the reaction [25].

4. Conclusion

Single spinel phases of Zn-substituted Li-Cu ferrite are studied. Li-Zn-Cu ferrite samples with different compo-
sition have been prepared using low temperature microwave assisted combustion method. The effects of synthe-
sis temperature on the structure were investigated. The X-ray diffraction patterns of all the samples have con-
firmed the formation of single phase spinel cubic structure. The substitution of Zn in host lattice alters the do-
main structure SD to SP. The samples synthesized at 150°C showing better results as compared to other results.
This method avoids using traditional high temperature synthesis and high temperature sintering and therefore
could be easily extended to other system.
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