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Crystallographic and magnetic properties of Y3Fe5�xAlxO12
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Abstract

Al3+-substituted garnet Y3Fe5�xAlxO12 (x ¼ 0:0; 0.25, 0.5, 0.75, and 1.0) was fabricated by a sol–gel method. The
crystal structure Y3Fe5O12 is found to be a cubic with the lattice constant a0 ¼ 12:38170:005 (A. M .ossbauer spectra of

Y3Fe5�xAlxO12 were taken at various absorber temperatures ranging from 20 to 700K. As the temperature increased

toward TN a systematic line broadening effect in the M .ossbauer spectra was observed and interpreted to originate from

different temperature dependencies of the magnetic hyperfine fields at various iron sites. It results from the distribution

ð6CnÞ of Fe
3+ and Al3+ at tetrahedral site. The isomer shifts indicated that the iron ions were ferric at the octahedral

16a site and the tetrahedral 24d sites. The quadrupole splitting showed that the orientation of the magnetic hyperfine

field with respect to the principle axes of the electric field gradient was random.
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Yttrium iron garnet (YIG), a ferrimagnetic material

also known as microwave ferrite, has been widely

applied in passive microwave devices [1]. Rare-earth

material or iron-substituted garnets have been attracting

much attention due to their wide rage of technological

applications. Recently, replacement of the magnetic

Fe3+ ion by nonmagnetic Al3+ ion has produced

interesting new phenomena [2]. The aluminum ions in

compounds of the Y3Fe5�xAlxO12 are distributed at

tetrahedral sites. The M .ossbauer spectra can be

analyzed using 3–6 sets of six Lorentzians with an

increase in the amount of Al3+ compounds in these

systems. This results from the distribution ð6CnÞ of Fe
3+

and Al3+ at tetrahedral site. It is well known that the

single phase is limited to xB0:6; in Y3Fe5�xAlxO12 [3].

However, few studies have been carried out on Al-

substituted YIG system. In this study, a sol–gel

procedure was used for the preparation of

Y3Fe5�xAlxO12 (x ¼ 0:0; 0.25, 0.50, 0.75, and 1.0). The

crystallographic and magnetic properties have been

studied using M .ossbauer and X-ray techniques.

Compounds of composition Y3Fe5�xAlxO12 were

prepared by a sol–gel method. Weighted amounts of

Y(NO3)3 � 5H2O, Al(NO3)3 � 9H2O and Fe(NO3)3 � 9H2O
were first dissolved in ethylene glycol. The solution was

refluxed at 801C for 12 h to allow gel formation and then

dried at 2501C for 24 h. Finally, it was sintered at

12001C in air atmosphere for 6 h. The thermal decom-

position characteristic of gel system with the change of

temperature was studied by differential thermal analysis

(DTA) and thermogravimetric analysis (TGA). The

crystallographic structure of Y3Fe5�xAlxO12 was ana-

lyzed by Rietveld refinement of X-ray diffraction.

Magnetizations were measured with a vibrating sample

magnetometer (VSM). M .ossbauer spectra were recorded

at temperatures ranging from 20 to 700K using a

constant acceleration M .ossbauer spectrometer with a
57Co in Rh matrix [4].

Fig. 1 shows X-ray diffraction patterns at various Al

concentrations. As shown in the figure, X-ray diffraction

patterns exhibit a single phase of garnet cubic spinel.

The lattice constants were determined by using a

Rietveld refinement. The determined lattice constants
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