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Abstract. An actual problem is the synthesis of ceramic composite materials based on refractory compounds to produce nanostructured materials with high mechanical strength, namely, flexural strength, fracture toughness, hardness, heat resistance and thermal strength. Of particular interest is the transformational-reinforced ceramic, which is not inferior in strength characteristics of conventional structural alloys. Particularly noteworthy are composites based on the composition ZrO2/Al2O3, which have high strength and toughness in comparison with monozirconium or monocorundum ceramics.

1. Introduction
       It is well known that Al2O3 has low solubility in the ZrO2 lattice at high temperatures. Therefore, when the sintering conditions are a composition for suppressing the grain growth of both components. Nanopowders obtained by plasma method is most promising in the application, since this method makes it possible to obtain very pure substances. But at the same time, the study of the process of structure and phase composition of plasma chemical powders are low in mutual poorly understood and do not have a systematic character. The aim of this work is to study the process of structure formation of nano ZrO2-n wt.% Al2O3 (n = 10, 20, 30) in hot pressing with high current passing current by X-ray diffraction (XRD), differential thermal analysis (DTA), and electron microscopy studies.
2. Experimental procedure and sample preparation
       ZrO2 nanopowders partially stabilized by 5mol% Y2O3 with grain size of 90nm and α-Al2O3 with grain size of 40nm production company NANOE (France) and zirconia nanopowders with a particle size of 19nm obtained by the technology developed in DonIPhT NASU were used . Mixing was performed in a planetary mill in a medium of isopropyl alcohol for 2 hours.

Sintering was performed using nanopowders hot pressing installation with direct current passage under a pressure 40MPa and holding for 2min at various temperatures. Further studies were performed on samples molded - tablets with a diameter of 20mm and a height of 4mm.

Differential thermal analysis is performed on the system derivatograph Paulik - Paulik - Erdei with a linear heating rate of 10°/min, resulting curves were obtained DTA, DTG, TG and T.

The phase composition of the samples was determined by X-ray diffraction X-ray diffractometer DRON-3M (CuKα-radiation). Identification of the powder X-ray was carried out based on the filing of the International Centre for Diffraction Data (JCPDS-ICDD).

       AFM scan was performed semi-contact mode in air in two modes: at constant amplitude (topography) and in phase contrast mode. Filmed frames with size 1x1um, 2,5x2,5um and 5x5 um.

3. Results of hot vacuum pressing of nanopowders

The density of the ZrO2 samples increases with increasing temperature in the range of 89 ... 100%. Of particular interest are the samples with the lowest relative density (77.21 and 74.26%) obtained at a temperature of 1130°C. Particles of the powder (P1) substantially monodisperse associated in loose aggregates with a low bond strength between the particles and the particles have topology a with not spheroidized character (Fig. 1a), which may indicate the anisotropy properties of the resulting material. Also, a significant decrease in density of these samples may affect a small particle size starting powder - 19nm, compared with the granular powder particle size P2 at which the starting powder size is 90nm. This can be explained as follows: on the surface of the crystallites high concentration of unsaturated chemical bonds, which are saturated by contact of the particles and cause high adhesion forces between the particles. Therefore, for ultrafine powders adhesion forces reach high values, which leads to their strong agglomeration [1]. When the agglomerates reach this 0.6 ... 1 mm, as indicated by the data of electron microscopy images (Fig. 1a, 1b).

Consequently, ultrafine powder consists of strongly agglomerated nanocrystalline particles. These factors lead to low efficiency of pressing ultrafine powders. In this regard, the porosity P1 based compositions higher than the porosity of the granular composition based on a powder P2 with an average crystallite size of 90nm under the same pressing conditions. In addition, it is worth noting that the grains in the P2 during compaction grow with less intensity and in the final sample comprised ~ 230um, which in turn allowed to achieve almost theoretical density at high heating rates (200°C/min), when the seal prevails over coalescence in the entire temperature range, and the growth of long suppressed. However, the presence of large pores in the compact indicates containing a small amount of hollow spheroids of the starting powder. In addition, a local increase in the size of pores in zirconia may be caused by the area office and shrinkage phenome of ‘cortical’
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    Fig. 1 Electron micrograph of the powder ZrO2: (a) P1 nanopowder with a starting powder
                particle size 19nm; (b) granular P2 nanopowder with a starting powder particle size 90nm

sintering [2] as a result of the temperature gradient between the surface and the core of the sample due to the low thermal conductivity of ZrO2 (2 W/m·K-1).

The samples of ZrO2 and ZrO2-20%Al2O3 was carried out differential thermal analysis. Given that this study allowed to test samples to a temperature of 1000°C, then identified endo and exothermic peak does not provide insight on any high-temperature phase transformations of ZrO2 and Al2O3, but only on the crystallization process. All display derivatograms show endo and exothermic peaks are almost the same interval, except for the additional exothermally derivatograms powder ZrO2(Y) at 640°C. Exothermic peak in the range of 370-400°C is due to the crystallization of the ligaments and removal of crystal water, accompanied by a small weight loss (up 1.1%).

Conclusions
   - A set of experimental observations suggest that the behavior of the polycrystalline body is determined by sintering not only the properties of individual particles as aggregates properties and strength of bonds between particles of the powder has a significant effect on the sintering process and the final properties of the ceramic;

   - Implemented by electroconsolidation getting bulk samples submicron ceramic compositions ZrO2 - n wt.% Al2O3 (n = 10, 20, 30) with a density of up to 99% of the theoretical and the scale of the microstructure of the order of 270nm. Most samples are characterized by heterogeneous structure, and supplements metastable Al2O3 nanopowders cause the shift of the shrinkage of the tetragonal YSZ to high temperatures affect the reduction of the grain size of the tetragonal YSZ to 170-200nm.

   - Depending on the magnitude of the initial pressure and respectively initial densities, the heating rate and uniformity due to different values of the relative densities of the samples of the same composition at the same temperature.
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