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Abstract

Crystalline La doped Cu-Zn ferrite with compositions Cug5ZnggslaxFe,xO4 [x = 0.00,
0.02, 0.04, 0.06 and 0.08] were synthesized by using conventional solid state reaction
method technique. X-ray diffraction pattern (XRD), scanning electron micrographs (SEM),
hysteresis loop (M-H) curves and frequency dependent resistivity were employed to inspect
the effect of La>* doping on the structure, microstructure, magnetic and transport properties
of the specimens. All the specimens exhibited fcc type cubic spinel structure where the
particle size were within 500-1600 nm range. Magnetically ferromagnetic phenomenon was
found for all the samples where the effect of La®" doping consequence on the variation of
various parameters like saturation magnetization (M), coercivity (H;) and remanent
magnetization (M,). The resistivity tuned by frequency for all the samples presented the
decreasing phenomenon with the increase of applied frequency.
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1. Introduction

There is an amplifying interest arises in ferrite materials due to their overwhelming
applications in the field related to research and practical life. Their distinguished
structural, electrical and magnetic properties are responsible for their wide applications.
Structurally ferrites are sensitive materials and they exhibits high range of resistivity, low
magnetic loss, high magnetic moments, chemical stability and mechanically hardness.
These properties arises from the distributions of cations in tetrahedral A site and
octahedral B site. All these can be highly influenced by various parameters like doping,
variation of sintering temperature, purity of the reactants etc. [1,2].

Basically, rare earth materials exhibits some unique characteristics like large
magnetocrystalline anisotropy, very large magnetostriction, large magnetic moments,
large magnetocaloric effect etc. due to their localized nature of 4f electrons being totally
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screened by 5s and 5p orbital [3]. The substitution of various divalent cations with any of
the element in ferrite composition is remarkable one. In this regard, the doping of rare
earth materials in ferrite compositions result a promising changes on the physical, electric
and magnetic properties. Many works have been done on the substitutions of rare earth
materials in ferrite [4-8].

Due to many supreme characteristics, the rare earth substituted spinel ferrites have
drawn attention extensively in modern technologies. They have vast applications in the
field of ferrofluid technologies, advanced microelectronics, microwave absorbing
materials, high frequency data storage etc. Moreover, high frequency accessible networks
and internet accessible smartphones are flawless examples of the applications of such type
of materials [9,10].

The microstructure and the characteristics of these ferrite materials are sensitive
enough due to the preparation methodology. There are many methods of sample
preparation like solid state reaction method, chemical co-precipitation method, spray
pyrolysis, sol-gel synthesis, hydrothermal synthesis etc. The physical and chemical
properties of the samples may vary due to the variation of synthesis techniques.

Our previous work was based on the structure and frequency dependent permeability,
dielectric and temperature dependent resistivity study of Cug 15ZnggsLagFe, <O, ferrite [9].
The present work is the extension of our previous work and the purpose of our present
investigation is to observe the synthesis of Cug15ZnggsLaxFe, <04 materials by solid state
reaction method and hence to inspect the effect of Lanthanum (La) doping on the
structural properties including elaborate XRD study and surface morphology, magnetic
properties and frequency dependent resistivity of Cu-Zn ferrite.

2. Experimental

The powdered composition of Cug 15ZngsLasFe; 04 [X = 0.00, 0.02, 0.04, 0.06 and 0.08]
were synthesized by conventional solid state reaction method where analytical grade of
CuO, Zn0, La,03 and Fe,O3 were used as reactant where all the elements have purity~
98%. Firstly all these powdered reactants were taken for grinding operation for 6 hr at
room temperature so that reaction can take place. In order to get crystalline phase, all the
samples were taken for calcination at 800 °C for 3 h. Then all the pre-sintered samples
were taken for grinding again for 3 h and then pellet shape was made using hydraulic
press using uniaxial pressure of 15 MPa where each pellet contains 0.5 mg of samples. All
the samples were sintered at 1150 °C for 6 h. Finally found sintered pellets were taken for
various characterizations.

The structural properties were observed by X-ray diffraction pattern for both as-dried
and La doped samples. The X-ray powder diffraction was done by Cu-K, (A = 1.54 A)
radiation. The morphological properties were inspected by Scanning Electron Microscope.
To study magnetic properties, hysteresis loops were taken for all the samples by Vibrating
Sample Magnetometer (VSM) of model Microsence EV7. Finally the transport properties
were observed from some data that were taken by Impedance Analyzer.
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3. Results and Discussion

The structural properties, phase and site occupancy are investigated form the X-ray
diffraction pattern for CugisZnogslLasFe,xO4 for both as-dried samples and La doped
samples that are shown in Fig. 1(a). All the samples show expected crystallization along
with well-defined diffraction lines. The XRD patterns were indexed with the plane of
(111), (220), (311), (222), (400), (422), (333) and (440) which are either even or odd
confirms the evolution of single phase fcc type spinel structure [11,12]. The small
secondary peak of LaFeOj; are found for the samples with La doping from x= 0.04-0.08
that are denoted as * in Fig. 1(a). These small secondary peaks are found may be due to
the preparation of the samples using raw CuO, ZnO and La,03[13,14].
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Fig. 1. (@) XRD pattern of Cug15ZnggslasFe,4Os; (b) Shifting of XRD plane for (311).

Fig. 1(b) presents the trend of the shifting of XRD pattern with the increase of La
content. Basically this shifting occurs due to the change in chemical composition or due to
strain as well as d-spacing i.e., lattice parameter which was determined by the use of
Nelson- Relay function (N-R function) denoted as F(6), where

_1 cos20  cos 29
Fo) =1 (=2 +2220) (1)

sin 0 0

The variation of lattice parameter is shown in Fig. 2(a). Here, peaks shifted towards
the left direction and the lattice parameter changed randomly but shows increasing
phenomenon with the increase of La content. The ionic radius of doping element La®" is
0.1172 nm that is greater than the Fe** (0.069 nm) which is responsible for the left shifting
of the XRD pattern [15]. Fig. 2(b) delineate the variation of bulk density (dg)and X-ray
density (d,) with respect to the increase in La content. The bulk density was measured by
following the usual mass and dimensional consideration whereas the molecular weight
and the volume of each sample provided the quantity of X-ray density. The following
equations were used for measuring those parameters [16].
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The X-ray density increases initially and then decreases which may be due to the
presence of pores during the time of synthesis. This increase of X-ray density may be due
to the increasing phenomenon of lattice parameter as well as left shifting of XRD peaks.
The porosity also exhibits the changing phenomenon as like as the variation of X-ray
density. The bulk density exhibits the decreasing phenomenon initially and then remains
constant from a point with the increase of La substitution. The decreasing phenomenon of
bulk density happens on account of the increasing intergranular porosity which is the
result of discontinuous grain growth [17].

Table 1. Average grain size from SEM and porosity (from XRD) of La doped Cu-Zn ferrite.

Name of the sample Contents Avg. grain size (nm) Porosity (%)
Cug15Zng gsFe,0, x =0.00 1600 9.92
Cug15Zng gsLag ooFe1-9804 x =0.02 1230 11.87
Cug15Zng gsLag 04Fe1.9604 x=0.04 860 14.33
Cug15ZNnggsLag osFe1-9404 x =0.06 650 14.18
Cug15ZNng gsLag ogFe1.00,4 x =0.08 580 13.58
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Fig. 3. SEM micrographs of Cug ;5Zng gsLaxFe,«xO4, [x = 0.00, 0.02, 0.04, 0.06 and 0.08].

Fig. 3 shows the SEM micrographs of both as-dried and La doped samples. The SEM
micrographs delineate the formation of microstructures having irregular grain size. The
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microstructure consists of a bigger matrix of ferrite grain and also a smaller matrix of
LaFeO; secondary phase at the grain boundary that was also confirmed in XRD.
Intergranular pores are also noticeable for all the compositions. For each samples, several
micrographs were taken to estimate the average grain size. The variation of grain size with
respect to the concentration of La is presented in Table 1. The addition of La
consequences a significant change in grain size. Without La®" doping the Cu-Zn ferrite
shows clear grain boundaries with very small grain boundary phase. With the addition of
La®", the grain size decreases and the matrix of LaFeO; grain boundary phase increases.
This decrease in the grain size can be responsible for some reasons that are mentioned as
follows. Because of the larger bond energy of La**- 0% in comparison with Fe**- 0% it is
required higher energy for La®>" to enter into the lattices to form La®*"- O? bond. It causes
higher thermal stability of La doped Cu-Zn ferrite rather than the undoped Cu-Zn ferrite,
therefore it is required more energy to form crystallization due to doping [18,19].
Moreover, the pinning of LaFeO; at the grain boundary also obstacles the growth of
crystallization [18].
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Fig. 4. Hysteresis loops (M-H curve) of Cug;5ZnggsLaxFe;«O4 [x = 0.00, 0.02, 0.04, 0.06 and 0.08].

Table 2. Saturation magnetization (M), coercivity (H.), remanent magnetization (M;) and remanent
ratio of La doped Cu-Zn ferrite.

Content M (emu/gm) H. (Oe) M; (emu/gm) M,/Ms
x=0.00 325 10 0.8 0.025
x=0.02 316 60 3.2 0.1

x=0.04 24.9 81 3.8 0.153
x=0.06 213 80 33 0.155
x=0.08 18.4 67 2.2 0.119

To investigate various magnetic properties, the hysteresis loops are taken for both as-
dried samples and the La doped samples with maximum applied field of 10 kOe. Fig. 4
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expresses the combined hysteresis graphs for all the samples. The magnitude of various
magnetic parameters like saturation magnetization (Ms), remanent magnetization (M),
remanent ratio (M,/ M) and coercivity (H.) are shown in Table 2. The M-H graphs of all
the samples show the ferromagnetic behavior. The variation of La content exhibits
remarkable changes on all these parameters. It is noticeable here that with the increase of
La** content on Cu-Zn ferrite, saturation magnetization (M) and remanent magnetization
(M,) decreases. However, the coercivity (H.) increases with the increase in La®" content.
Distribution of Fe*" in various sites, magnetocrystalline anisotropy, Grain size, crystal
defects, imperfection in lattice, porosity etc affects these magnetic parameters directly or
indirectly [20-22]. Moreover, the double exchange Fe®'-Fe’* interactions are also
attributing on the ferromagnetic ordering of all the materials [23].

The variation of electrical resistivity as a function of frequency are shown in Fig. 5
for both undoped and La doped Cu-Zn ferrites. The variation of electrical resistivity with
respect to the frequency can be expressed as the following relation [24],

1 1

P= 0y € B a)goé tan & (4)
where o = 2xf is the angular frequency and g, denotes the permittivity in vacuum. The
grain and the grain boundaries of ferrite composites have influence on the resistivity of the
materials. According to the Koop’s theorem, the ferrite composites behave as a multilayer
capacitor. With the increase of frequency, the motion of the outermost electrons increases
as well as capacitance increases. This increase in capacitance causes on the increase in the
electrical conductivity which consequences on the decrease in electrical resistivity [25-
26]. In this work, the maximum value of resistivity can be seen for x=0.08 and minimum
for x= 0.00 at low temperature. With the increase on frequency, the value of resistivity
decreases and reaches at a constant value at high frequency range.
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Fig. 5. Variation of the frequency dependent resistivity of Cugi5ZnggsLaxFe,xOs [X = 0.00, 0.02,
0.04, 0.06 and 0.08].
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4. Conclusion

The polycrystalline CugisZnggslasFe, O, [x = 0.00, 0.02, 0.04, 0.06 and 0.08] were
synthesized properly following solid state reaction method and then sintered at 1150 °C
for 6 h. The XRD patterns ensure the formation of fcc type spinel cubic structure with
secondary peak for x = 0.04 - 0.08. The SEM patterns for all the specimens provide the
information that the sample size for all the elements are within 500-1600 nm where the
sample size decreases with the increase of La content. The M-H curves for all the samples
ensuring the ferromagnetic phenomenon of all the specimens. With the increase of La
content, there is an increasing phenomenon of coercivity (H;) and remanent magnetization
(M,) while saturation magnetization (M) decreases. The frequency dependent resistivity
delineates the decreasing trend with the increase of applied frequency and obtains constant
values at a certain high frequency region.
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