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Abstract: Polycrystalline yttrium lanthanum iron garnets Y3LaxFe5-xO12 (x = 0.0, 0.2 and 0.4) with 

varying La substitution (0 ≤ x ≤ 0.4) have been prepared in the pellet form and studied by X-ray 

diffraction and di-electrical property measurements. The lattice constants are determined, and the 

applicability of Vegard’s law has been tested. The garnet series has the general formula Y3LaxFe5-xO12 

(x = 0.0, 0.2 and 0.4) and that were synthesized by using double sintering solid state reaction method. The 

samples were characterized by X-ray diffraction technique (XRD). The X-ray diffraction studies of 

compositions revealed the formation of single-phase cubic structure with lattice constant ranging from 

12.48 to 12.35 Å up to x = 0.4. The dielectric properties were investigated using LCR-Q meter in the 

frequency range 100 Hz to 1 MHz. The dielectric constant (ε′), dielectric loss (ε″) and dielectric loss 

tangent (tan δ) were measured as a function of frequency by using LCR-Q meter. The frequency 

dependence of dielectric measurements was carried out for given samples. 
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I. INTRODUCTION 

Iron oxide and other metal oxides combine to form ferrites, which are ferrimagnetic oxides. Ferrites are divided into 

three types based on their crystal structures: garnet, spinel, and hexagonal ferrite. Because of their superior properties, 

structural, magnetic, electrical, and catalytic—which are all distinct from those of their bulk counterparts and their 

potential for use in a variety of cutting-edge fields, including magnetic drug delivery, catalysts, sensors, biological, 

biomedical, and medical science, spinel ferrites are the subject of extensive research. Due to their multiple uses in a 

variety of industries, ferrites are a significant class of materials that are in high demand. Ferrites' chemical composition 

and technique of preparation have a significant impact on their electrical and magnetic properties. For intended uses, 

ferrites' electrical and magnetic properties must be optimized. Scientists, researchers, and engineers are still interested in 

inventing different sorts of ferries materials that are substituted with various cations with variable valences and 

manufactured using various processes because of their intriguing features.1,2,3. 

Because of its use in circulators, gyrators, and phase shifters, as well as its small ferromagnetic resonance linewidth, 

high electrical resistivity, and low dielectric loss in microwave regions, yttrium iron garnet (YLaG), one of the different 

types of ferrites, is of particular importance to scientists and technologists.3 Microwave ferrite, or yttrium iron garnet 

(YLaG), has unique properties when it is polycrystalline. Numerous researchers have looked at the magnetic and 

crystallographic characteristics of magnetic iron garnet.4-9 Wide band nonreciprocal microwave devices have made 

substantial use of substituted iron garnets11-12 

 

II. EXPERIMENTAL 

Initial studies on the effect of small substitutions of lanthanum for iron in polycrystalline yttrium iron garnet showed a 

substantial increase in the initial permeability over that of YLaG. Since previous substitution of other ions has produced 

either little change or a decrease in the permeability, we have studied the effect of lanthanum substitution on the garnet 
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structure in more detail. The samples of La3+ substituted Y3LaxFe5-xO12 garnets with x = 0.0,0.2 and 0.4 were prepared 

by well-known double sintering ceramic method in which a molar ratio of analytical Y2O3, Fe2O3 and La2O3 were 

mixed thoroughly in stoichiometric proportions and then ground to very fine powder by using agate mortar for about 4 

hr. These mixtures in powder form were pre-sintered in programmable muffle furnace at 1300 0C for 23 h and cooled to 

room temperature slowly at the rate of 2 0C/min. The samples were reground and re-fired at 1350 0C for 28 h and slowly 

cooled to room temperature at the rate of 20 C/min., and then reground for 1 h. The fine powdered sample was pelletized 

under the pressure of 5 ton/inch2. 

 

Structural measurements 

Typical X-Ray diffraction pattern for x = 0.2 sample in shown in the following Fig.1. The mixed garnet ferrites system 

under investigation has been structurally investigated by X-ray diffraction technique.  

 

Fig. 1: X-Ray diffraction pattern of Y3LaxFe5-xO12 for x = 0.2 and x=0.4 sample. 

The XRD pattern shows the reflections namely (321), (400), (420), (422), (431), (521), (611), (444), (640), (642), (800) 

and (842). No extra peaks other than cubic structure have been observed in the XRD pattern. The Bragg peaks are sharp 

and intense. The lattice parameters are calculated using XRD data and are given in table 1. It is observed from table-1 

that lattice constant (Fig.2) increases with increase in lanthanum content ‘x’ as shown in Fig.1. The ionic radii of yttrium 

(0.90Å) Fe3+ is (0.68Å) and lanthanum (0.82Å) hence we observe variation in the lattice parameter with lanthanum 

substitution. The bulk density of all samples was measured using Archimedes principle and values are tabulated in table 

1. Bulk density increases with increase in lanthanum content ‘x’. Using the values of molecular weight and volume of the 

sample X-ray density was calculated. The values of X-ray density are also listed in table 1. 
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x a (Å) dx (gm/cm3) dB (gm/cm3) P (%) t (µm) 

0.0 12.350 5.151 4.12 20.23 3.37 

0.2 12.401 5.201 4.18 19.94 3.23 

0.4 12.441 5.241 4.24 19.01 3.14 

Table 1: Lattice constant (a), X-ray density (dx), bulk density (dB), porosity (P) and particle 

size (t) of Y3LaxFe5-xO12. 

X-ray density increases with composition ‘x’ as shown in Fig.3. The observed variation in X- ray density is attributed to 

an increase in volume of the samples. The crystallographic parameters (lattice constant, X-ray density) are in good 

agreement with reported values.12  The most intense peak (420) of XRD pattern was used to evaluate particle size of the 

samples. The particle size was calculated by using Scherer’s formula, the values of particle size for all the composition 

is listed in Table 1. 

 

III. RESULTS AND DISCUSSIONS 

Dielectric measurements 

The dielectric constant measurements were carried out on disc shaped pellets as a function of frequency by using two 

probe methods. The real ε and imaginary 111 parts of the dielectric constant and loss tangent tan δ of Y3LaxFe5-xO12 

were computed according to Smith and Wijn.13,14 The variation of the dielectric constant  and dielectric loss 111 with 

respect to frequency at room temperature is shown in Fig 4 (a). It can be observed from figures 4 (a) that dielectric 

constant  and fig.4 (b) dielectric loss both decreases with increase in frequency. It can also be observed that dielectric loss  

decreases with increasing frequency much more rapidly than. This behavior of dielectric constant is attributed by 

assuming that mechanism of polarization in ferrite is similar to that of conduction mechanism. Iwauchi.15 reported 

strong co-relation between the conduction mechanism and dielectric  behavior of the ferrites.16-19 Fig. 4(c) shows the 

variation of dielectric loss tangent with frequency at 300 K for all the values of 'x'. It is observed from Fig. 4(c) that the 

parameter tan δ decreases exponentially with the increase of frequency. 

 

x 

Frequency 

100 (Hz) 10 (kHz) 1(MHz) 

ε ' ε " tan δ ε ' ε " tan δ ε ' ε " tan δ 

0.0 861 261 0.29 712 121 0.27 483 111 0.24 

0.2 891 372 0.41 851 339 0.39 501 171 0.35 

0.4 921 421 0.45 889 391 0.42 510 189 0.38 

Table: 2 Room Temp. dielectric constant (ε′), dielectric loss (ε″) and dielectric loss tangent (tan δ) at 100 Hz, 10 

KHz and 1 MHz of Y3LaxFe5-xO12. 

 

 

 

 

 

 

Fig.4: Variation of (a) dielectric constant (�’), (b) dielectric loss (�’’) and (c) dielectric loss tangent (tan �) with 

logarithm of frequency (log f) of Y3LaxFe5-xO12 (x = 0.0, 0.2 and 0.4) 
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IV. CONCLUSION 

The garnet system Y3LaxFe5-xO12 (x = 0.0, 0.2 and 0.4) has been successfully prepared by standard ceramic 

technique. The X-ray diffraction results showed the formation of single-phase cubic spinel structure. The Lattice 

constant (a), X-ray density (dx), bulk density (dB), porosity (P) and particle size (t) are in the reported range. The lattice 

parameter increases slightly with La3+ substitution. The dielectric constant (��) and dielectric loss (���) both 

decreases with increase in frequency. It can also be observed that dielectric loss (���) decreases with increasing 

frequency much more rapidly than (��). The dielectric loss tangent (tan δ) also decreases exponentially with the 

increase in frequency. 
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