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ELABORATION, MICROSTRUCTURE AND OXIDATION BEHA VIOR OF MET AL-ALUMINA AND MET AL-CHROMIA NANOCOMPOSITE POWDERS

Metal-Al203 and metal-Cr203 nanocomposite powders have been prepared by selective reduction in hydrogen of oxide solid solutions. The metallic phase (either Cr or an (Fe, Cr) alloy) is present in the form of nanometric partie/es inside and/or at the surf ace of the oxide matrix grains. The microstructure of the dijferenl composites has been compared and their air oxidation behavior has been investigated. The metal partie/es located in the open porosity of the matrix are total/y oxidized at temperatures lower than 600°C, whereas those intragranularly located are stable up ta 800°C. The oxidation behavior is generally complex and exp/anations in relation ta the powder microstructure are proposed.

INTRODUCTION

In a previous study (1) on Fe-Al2O3 and Feo.sCro_2-Al2O3 nanocomposile powders prepared by selective reduction of oxide solid solutions, it was shown that the homogeneity and specific surface area (Sw) of the solid solution had a strong influence on the size and location of the metal particles (MP). Most of the MP are smaller than 10 nm in size and dispersed inside the alumina grains. However, due to the solubility limit of Fe2O3 in AlzO3 (10 wt%) large MP (<!'. 30nm) may be formed upon reduction. The addition of Cr2O3 enhances this solubility, leading to a lesser amount of such MP in the composite powder. A decrease in Sw also leads to a smaller average size of the MP. In this study we have prepared Cr-Al2O3 and (Fe, Cr)-Cr2O3 nanocomposite powders and investigated their microstructure and oxidation behavior, as well as that ofFeo.sCro.2-Al20:J powders.

EXPERIMENTAL

Binary and temary oxide solid solutions between A]iO3, Cr20:J and Fezû:J were elaborated by thermal decomposition and calcination in air of mixed oxalate precursors (1). Calcination at l 100 °C allowed to crystallize the solid solutions in the stable a phase and reduce their Sw, Reduction in pure, dry hydrogen at 1050 °C (20 h), 1200 °c (2 h) and 1300°C (5 h) gave rise to the Feo.sCro.2-Alzû:3, (Fe, Cr)-Cr2ÜJ and Cr-Al20:J nanocomposite powders respectively. The metal content was 10 wt%, except for the oxidation of the Feo . sCro.2-Al2O3 composites in which specimens containing from 2 to 30 wt% of metal were studied. Characterization of the powders was carried out by TEM, XRD (À Co Ka= 0.17902 nm), room temperature 57pe Môssbauer spectroscopy and thermogravimetric analysis (TGA) in flowing air (heating rate 3 °C/mn).

RESUL TS AND DISCUSSION

M icrostrucrure

Whatever the composition of ùie composite, XRD patterns analysis revealed the presence of two phases : the oxide matrix (a-Al20J or a-Cr2ÜJ) and the metallic phase. The metal is in the a (bec) fonn as shown by the { 110} peak, which is Ùle only one detected. A Môssbauer study (2) of the Fco . sCro . 2-Al2O 3 powders has shown that Fe 3+ ions were still present in the specimens prepared by reduction at 1050 °C and that the real chromium content in the alloy particles varied with the MP size, the smaller ones being chromium-richer. This technique showcd that iron in the (Fe, Cr)-CriO3 specimen is totally in the metallic state and that 1200 °C was a high enough temperature Lo form (Fe, Cr) alloy particles. Chromium content is about 3% in the ferromagnetic particles, and may be higher in the paramagnetic (or superparamagnetic) ones. It was not possible ta detennine the real metal content in the Cr-Al2O3 composite, but its pink-grey colour reveals a rather poor reduction of the oxide solid solution.

TEM observations (Fig. 1) of the Cr-Al2O3 and (Fe, Cr)-Cr2O 3 nanocomposite powders showed that most of the MP are dispersed within the matrix grains and that their size distribution is very narrow. The average size of the MP was calculated from measurements on the TEM micrographs and found to be 8 nm and 11 nm in Cr-Al2O3 and (Fe, Cr)-Cr 2 O 3 respectively. These microstructures are very homogeneous owing to two reasons: firsUy, Al2ÜJ and Cr2O3 on the one hand and Cr2O3 and Fe2O3 on the other hand fonn complete solid solutions and secondly, calcination at ll00 °C decreased the Sw of the a-A!l . 8Cro . 2O3 and a-Crl . 8FC0 .2 ÜJ solid solutions ta small values (2.5 and 0.9 m 2 /g, respectively).

Oxidation behavior

Feo . sCro.2-Al2O3 powders containing from 2 to 30 wt% of metal were heated in air up to 1200 °C, kept 2 hours al this temperature and cooled down to room temperature. Oxidation occurs in several steps as shown by ùie differential thennogravimetric (DTG) curves (Fig. 2a). Five peaks (1-V) corresponding to different phenomena were observed and can be divided in two groups : 1-II-III occuring at temperatures lower than 600 °C and IV-V occuring at certain tcmperature range, but in a too small amount to be detected by Môssbauer spectroscopy (:5 4%). Sorne of the DTG peaks may thus be related to Fe 0 ➔ Fe 2 + oxidation phenornena and some others to Fe 2+ ➔ Fe 3+ reactions. The 10 wt% (Fe, Cr)-Cr 2 O3 powder had a very similar oxidation behavior, with sorne differences in phenomena ternperatures and a stronger preeminence of "high temperature" pea]cs (2: 700 °C), owing to the higher proportion of intragranular MP. The 10 wt% Cr-Al2ÜJ specirnen was expected to have a more simple cÎxidation behavior since cr 2 + ions will not forrn. However, it proved to be even more complex than the previous ones, six oxidation peaks being detected at 90, 150, 320, 840, 1000 and 1200 °C. Unsupported nanoparticles are fully oxidized al 4S0 °C (8). XRD analysis showed that the oxidation product is based on a-Cr2O3. Assuming that the first three peaks are representative of the oxidation of chromium particles located in the open porosity of alumina, their temperature could be related to the diameter of the pores. A possible explanation for the observed high temperature phenomena could be the formation of an oxide "shell", surrounding the metallic "core", which would prevent further oxidation before it is dissolved into the alumina matrix. However, such a "core/shell" microstructure was not observed by TEM investigations. Strains developping al the particle/rnatrix interface during the oxidation process, which are known to rnodify the diffusion coefficients of the involved species (9) could as well cause a blocking of the reaction until their relaxation owing to the increase in temperature.

CONCLUSIONS

The size distribution of the rnetal particles is unimodal (about 10 nm) when the starting oxides forrn an homogeneous solid solution (Al2O 3 -Cr 2 O3 and Cr20J-Fe2ÜJ). The nanometric rnetal particles located in the open porosity of the matrix are totally oxidized at temperatures lower than 600 °C, whereas those intragranularly dispcrsed are stable up to 800 °C. The oxidation products are of the a-Fe2Ü)/a-Cr20J type. The oxidation behavior is surprisingly complex and needs further studies.
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 23 Figure I. TEM micrographs of the Cr-A12ÜJ (a) and (Fe, Cr)-Cr20:3 powders (b).