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Resume

The biphasic compound Al2O3 - YAG has several applications in aeronautics and space engineering, as increased thermal efficiency of jet engines and gas turbines developing high efficiency. Technological advances in processing and characterization of this material has been intense in recent years. This study aimed to produce the composite Al2O3-YAG from the mixture of nanosized Al2O3 powders produced by sol-gel and submicrométricos commercial Y2O3 and Al2O3. Four samples were produced, three with variations in the sol-gel process and a post-trade only. The final products were characterized by X-ray diffraction and surface area (BET). The BET analysis showed that it is possible to obtain greater surface area in the samples produced by sol-gel method and consequently a smaller particle size than the samples made with commercial powders. This study shows the dependence of the conversion of reactants in YAG with temperature and it is possible better uniformity and distribution of additives obtained by sol-gel compared to commercial additives, as a result of their best physical characteristics.
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1 - INTRODUCTION

The biphasic compound Al2O3 - YAG has several potential applications in aeronautics and space engineering, such as increasing the thermal efficiency of jet engines and gas turbines developing high efficiency. Technological advances in processing and characterization of this material has been intense in recent years [1].
Commonly, the mechanical properties of alumina can be improved by incorporation of reinforcements. In contact with alumina, YAG forms a stable phase. Many researchers have investigated the creep behavior of composites of Al2O3-YAG and found that it indicates a lower creep rate of pure alumina [2].

Various techniques have been used by various researchers for preparing compounds in this system. To prepare the system post-dense alumina / YAG laser has been used the sol-gel method, using aluminum and yttrium nitrates or chlorides treated with ammonia [1].
In this work, Al2O3 produced by sol-gel method using PVA was added to commercial Y2O3. The X-ray diffraction (Rietveld) and the surface area of the composite Al2O3-YAG were investigated.

2 – MATERIALS AND METHODS
The production of alumina sol-gel for this study was divided into two stages. The first consisted in producing gel using polyvinyl alcohol (PVA) and distilled water. In the second, which is the actual production, was added to the gel previously produced aluminum nitrate and commercial Y2O3 dissolved in distilled water.
2.1 Materials used
Polyvinyl alcohol have been used very pure (PVA) and aluminum nitrate (AlNO3) 39H2O, both in 98% purity and manufactured by the laboratory ISOFAR. The yttria was used the REO type, from Alfa Aesar, with 99.9% purity and average particle size of 4.40 µm according to the manufacturer.

2.2 Gel production
Initially, a homogenous solution was obtained by a slow addition of distilled water in a beaker with PVA Teflon ® [1]. The same was stirred for two hours at 100° C on a Q 261-12 Quimis magnetic stir plate with heating, with cylindrical stirrer of 1 cm radius.

2.3 Production of composite
For the production of the composite aluminum nitrate was used and commercial Y2O3 dissolved in distilled water. Before addition this solution, the gel remained in a greenhouse Q 314M, from Quimis, for 24 hours at a temperature of 100° C. For the production, the gelation time was 8 h. Then, it was dried in an oven for 24 hours at 100° C. The powder produced was comminuted in degree and pestle porcelain.

The samples were calcined in an LF0914 JUNG oven per 1 hour. Their conditions of preparation are described in Tab. 1, where Tc is the calcining temperature.
Tab 1 Conditions of sample preparation

	Sample
	Tc (°C)

	AY700
	700

	AY900
	900

	AY1100
	1100

	
	


For the AYC sample production was used commercial alumina APC-2011 SG, Alcoa Aluminum S/A, the particle size was approximately 2.4 µm, according to the supplier and used in the same yttria sol-gel process.

The mixture of powders of Al2O3 and Y2O3 commercial stoichiometric composition was prepared in accordance EQ.(A). The material produced was comminuted in a mortar and pestle porcelain Al2O3 and ground using a mill eccentric CB2-T, BP Engineering, 30 min, 100 g of mixture, 200 ml of distilled water and 200 g of alumina grinding bodies 5 mm in diameter.
  20,50Y2O3 + 79,50Al2O3                          45,33 Al2O3 + 13,67 Y3Al5O12  EQ. (A)

After milling the powder was dried in an oven mark Quimis Q314M at 110° C for 24 h in a tray type glass Pyrex® covered with aluminum foil. After drying, the powder was deagglomerated in a mortar and pestle porcelain.

2.4 Description of composite
Was used the PANalytical X'Pert Pro diffractometer this work was employed Cu K-α radiation with tube voltage of 40 kV, current 40 mA, step of 0.05°, with a scan rate of 1°/min, between 10º and 100º. The phase identification was performed using the X'Pert HighScore program, which automatically compares the data of position and intensity of diffraction peaks with those provided by ICPDS (Inorganic Crystal Structure Database).
To measure the surface area, was used an ASAP 2000 surface area measurement analyzer, from Micromeritics. For this, the samples were dried at 110° C for 24 h and then degassed with nitrogen at a temperature of 200° C for 4 h.

3 - ANALYSIS AND DISCUSSIONS

3.1 Crystalline phases
The observations obtained from analysis of the crystal phases by the Rietveld method are presented below:

a) Composite Al2O3-YAG

The diffraction of the sample AY700, shown in Fig. 1, presents an amorphous phase between 18 and 25. The alumina peaks do not appear on the graph, probably because the particle size is below the threshold of the technique.

The diffraction of the samples AY900 and AY1100, presented on Tab. 2, shows that, at 900° C, the composition was formed from 73.5% to 26.34% by weight of alumina and YAG respectively. The sample showed AY1100 turn fully trained YAG at 1100° C.

[image: image1.emf]
Fig 1 Diffraction sample AY700

Tab 2 Diffraction samples AY900 and AY1100

	Phases
	Percentage (%)
	Temperature (°C)

	YAG

Alumina

YAG
	100

26,34

73,66
	1100 

900

900


The diffraction of the sample AYC shows 76.76 wt% Al2O3 and Y2O3 of 23.24, as shown in Fig. 2, showed an increase of 13.11% compared to 63.65% percentage calculated. This increase can be attributed to secondary additives derived Al2O3 grinding.

[image: image2.emf]
Fig.2 Diffractometry sample AYC

3.2 Surface area
Fig. 3 shows that the larger surface area is AY100 sample, that was calcined at 1100° C. Through Rietveld, there is the formation of 100 wt% of YAG. The high surface area of this sample may have contributed to this result. The smallest area is checked for the sample 2AYC, which was made by mixing commercial Al2O3 and Y2O3. The grinding performed in 30 min, contributed to the result achieved and shows that time was insufficient.

[image: image3.emf]
Fig. 3 Surface Area
4 - CONCLUSION

This work showed that it is possible to improve uniformity and distribution of additives obtained by sol-gel compared to commercial additives, as a result of their best physical characteristics.

The process of grinding mill provided an eccentric secondary additive Al2O3, of about 13.01% by weight, relative to the percentage of the initial mixture 2AYC. Consequently, the composite produced was no longer in the range corresponding to the stoichiometric eutectic.

The same 2AYC was insufficient to attain a surface area above 5.35 m²/g. The phase stability and YAG additives 2AY2 2AY3 apparently allowed a more uniform behavior.
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