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Abstract: In this work, we have prepared Bi Y Fe O  nano-particles(x=0,1) with crystallite sizes in the rangex 3-x 5 12

of 30 to 40 nm by citrate-nitrat auto combustion method and subsequent heat treatments. Oxidant / fuel ratios
were adjusted in 0.83. Synthesis temperature; phase composition, bismuth content, crystalline structures and
morphological properties are studied in detail using X-ray diffraction of samples (XRD), FT-IR spectroscopy
and differential thermal analysis (TG-DSC). 
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INTRODUCTION In the present work, yttrium iron garnet

Yttrium iron garnet (YIG) and substituted YIG have synthesized by sol-gel auto combustion technique and
been widely used in electronic devices, such as their structure was characterized. The magnetic properties
circulators, isolators, phase shifters for microwave and of the samples were measured with an emphasis on
magneto-optical (MO) devices based on its magneto- magnetization and compared with magnetization of Bi-YIG
optical properties. Yttrium iron garnet (YIG) and prepared via other techniques.
substituted ones have been extensively studied for
decades [1-3]. In 1975, Wittekoek et al. [4] reported that
Faraday rotation effect can be further enhanced when Experiment: Y(NO3)3•6H2O (Aldrich, 99.9%),
yttrium irons in the garnet were partially substituted with Fe(NO3)3•9H2O (Merck,99.9%), Bi(NO3)3.5H2O (Merck,
bismuth ions. Bismuth substituted yttrium iron garnet (Bi- 99.9%), citric acid monohydrate (Merck, 99.9%) were used
YIG) has received much attraction for their use in for  the  synthesis  of materials. The YIG precursor
magneto-optical discs and also magneto-optical display solution was prepared by dissolving and mixing the
devices [5-6]. required amount of the metal nitrates in stoichiometric

The conventional ceramic method for the preparation ratio  of  Y Bi Fe O   (x   =   0,1)   in   distilled  water.
of garnets involves high temperatures which results in the Citric acid was then added to the prepared aqueous
loss of fine particle nature. A number of wet chemical solution to chelateY  and Fe in the solution. During the
methods have been used for prepare  fine  particles  such procedure, the solution was continuously stirred using a
as coprecipitaion, glycothermal and sol-gel [7-9]. Among magnetic agitator. The solution was evaporated by
these, sol-gel is a widely used technique which involves heating at 85°C with  continuous  stirring  until viscous
atomic scale mixing and therefore higher reaction rate [10]. gel was formed. Increasing the temperature up to 150°C
Unfortunately, sol-gel is a sophisticated technique and led to the ignition of the gel. The dried gel burnt in a self-
requires stringent drying conditions and expensive propagating combustion manner and formed an aggregate
alkoxide precursors. Recently, a sol-gel auto combustion of loose powders. Finally the as-burnt powders were
method was used by several researchers to synthesize calcined in air up to 900°C with a heating rate of 5°C/min
garnet and spinel powders. The combustion process is a for 3h and then cooled to room temperature freely to
simple way to synthesize nanocrystalline materials [11-15]. obtain Bi-YIG. 

nanocrystallites doped with bismuth Ions were

3-x x 5 12
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The oxidizer/fuel molar ratio required for a
stoichiometric  mixture ( =1)   is   determined bye

summing   the   total   oxidizing   and   reducing  valencies
in   the   oxidizer   compounds   and   d  ividing   the  result
by  the sum  of  the  total  oxidizing  and reducing
valencies in the fuel compound. In these types of
calculations,  oxygen is considered to be the only
oxidizing  element; carbon, hydrogen and metal cations
are reducing elements and nitrogen is neutral. Oxidizing
elements have positive valencies and reducing elements
have negative valencies.

The   mixture   is   stoichiometric   when =1,  fuel-e

lean when >1 and fuel-rich when <1 [16]. At thise e

study, sample prepared with metal nitrate to citric acid Fig. 1: TG-DTA patters of the dried gel samples prepared
molar  ratio  (MN/CA=1)  of  1  so  that  =  0.83  and  is with MN/CA=1.e

fuel-rich.
The   structure   and   crystallite   sizes  were phase garnet without any extra phases has been obtained

determined  by  a  Bruker  X-ray  diffractometer at 800°C and this agrees well with TG-DSC results. The
(ADVANCED D8), using Cu-K  radiation. Mean XRD pattern of Bi-YIG (Fig.2 (b)) shows a single phase
crystallite size of the powder was calculated, using garnet structure at 875°C which is match higher than that
Scherrer’s formula (D=0.9 /Bcos ). As-burnt powder was of the pure YIG. This is in contrast with preparation single
characterized by differential scanning calorimetry (DSC) phase Bi-YIG via mechanochemical processing [17] in
and thermogravimetric (TG). which Bi reduced the phase formation temperature of YIG.

RESULTS AND DISCUSSION in different pH that will be affected on stoichiometric mole

As shown in Fig. 1, there are characteristic peaks on were calculated from XRD pattern using Scherer's formula,
the TG-DTA curves of the Y Fe O  precursor which which were about 30 and 40nm respectively for single3 5 12

corresponds to the region of the exothermic peaks around phase powders.
100, 200, 400, 500, 650 and 725°C in DTA curve. Such an In order to investigate the variation bands, influenced
exothermic pikes can be associated with the removal of by Bi mole ratio and calcination temperatures, FT-IR
moisture at 100°C and decomposition of organics at 200°C spectrum of annealed powders of YIG and Bi-YIG were
which corresponds to the 30% weight loss in two steps. considered. Garnet structure has 17 triply degenerate Ti,
The rest weight loss which corresponds to exothermic modes that are active in the infrared which only a few of
peaks around 400 and500°C. It can  be  associated  with them are appeared in our scanning region [18]. As
decomposition of nitrates and oxidation of metals. The illustrated in Fig.3, related to sample annealed at 650°C
wide exothermic peak which started from 600 up to 700°C three bands appear at 1359, 850 and 600cm  which two
indicates the crystallization of yttrium iron perovskite first ones can be assigned to H-O groups and the band of
(YFeO , YIP) and YIG and the last exothermic peak at bismuth and oxygen respectively which disappeared at3

775°C is due to the conversion of YIP to YIG, which is powder annealed at 750°C.The third one is correspond to
also proved by the result of XRD in Fig. 2(a). the garnet groups. Related to the powder annealed at

Fig 2(a) and(b) show the XRD patterns of YIG and 750°C six bands appeared at 386, 398.55, 556, 591, 644 and
bismuth doped YIG samples which annealed at different 1638 cm . The last one is related to carboxylic group that
temperatures. As can be seen from the  Fig.(a)  the  single disappear  at higher temperatures and other five reminders

This may be due to the solubility of different metallic ions

ratios of metallic ions in solution and gel. Particles sizes
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Fig. 2(a): XRD pattern of synthesized YIG in different temperature.

Fig, 2(b): XRD pattern of synthesized YIG in different temperature.

Fig. 3: FT-IR spectrum of Bi-YIG at different temperature (a) 650°C (b) 750°C (d) 875°C and (d) YIG spectra at 800°C.
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of them are increased, this will be due to substituted Rev., B27: 6608.
yttrium by bismuth in garnet structure. These bonds are 7. Sankaranarayanan, V. And N.S. Gajbhiye, 1990. J.
much weaker in pure YIG that its phase is completed at Am. Ceram. Soc., 73(5): 1301.
800°C. 8. Kuroda,   C.S.,  T.   Tanniyama,   Y.   Kitamoto  and

CONCLUSION 9. Inoue,  M.,  T.  Nishikawa,  H.  Otsu,  H.  Kominami

yttrium iron garnet and bismuth substituted one can 10. Pal, M. and D. Chakravorty, 2000. Physica, E 5: 200.
be prepared by citrate-nitrate auto combustion method 11. Yue, Z., L. Li, J. Zhou, H. Zhang and Z. Gui, 1999.
and heat treatment. The phase pour of ormation Mater. Sci. Eng., B 64: 68.
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