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Аннотация

Предложен способ получения порошкообразных карбида и оксида вольфрама путем жидкофазного осаждения и микроволнового обжига. Изучены кинетика термолиза вольфрамовой кислоты и формирование наночастиц оксида вольфрама различных модификаций. Проведена комплексная аттестация полученных образцов с использованием химических, рентгенографических, микроструктурных методов анализов и измерений удельной поверхности. 

Abstract

A new procedure of synthesis of tungsten carbide and oxide from freshly precipitates using a microwave field has been proposed. The kinetics of the thermolysis of tungsten hydroxides and the formation of nanoparticles of different modifications of tungsten oxide have been studied. Obtained samples have been studied using chemical methods, roentgenography, scanning electron microscopy and specific surface area measurements.
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Abstract
A new procedure of synthesis of tungsten carbide and oxide from freshly precipitates using a microwave field has been proposed. The kinetics of the thermolysis of tungsten hydroxides and the formation of nanoparticles of different modifications of tungsten oxide have been studied. Obtained samples have been studied using chemical methods, roentgenography, scanning electron microscopy and specific surface area measurements.

INTRODUCTION
Technical developments in the field of hard tungsten alloys are still improving. Special attention is given to design hard tungsten alloys which can be obtained as ultra-nanopowders by use of traditional precipitation methods and annealing at low temperatures. It requires the use of sufficiently pure starting materials in order to exclude the tendency of grain enlargement and porosity. These two factors noticeably reduce the strength properties of hard alloys. [1-3]

Recently, a large amount of publications describing the fabrication of different nanomaterials using microwave radiation has emerged. The use of SHF-radiation (superhigh frequency) in industry is economically sound for solving many tasks such as sufficiently decreasing temporal and energy inputs as compared to traditional chemical processes. As is well known, an electromagnetic field increases atom vibrations which leads to a decrease of the activation energy and the temperature of annealing. Moreover, microwave radiation allows to obtain grains with uniform size and to achieve a decrease of the average grain-size.

The influence of the microwave radiation on the synthesis processes strongly depends on the chemical features of the compounds. For example, the synthesis of metal oxides by the decomposition of freshly precipitated hydroxides proceeds much faster than the decomposition of the corresponding salts. This can be explained by the fact that freshly precipitated hydroxides contain hydroxyl and water molecules, which have a dipole moment, do not strongly bond in crystals and can change their orientation and rotate under SHF-radiation [4]. Therefore, the freshly precipitated hydroxides will effectively absorb electromagnetic energy and get warmed up from room temperature to a maximal temperature specific for each compound. The respective metal oxide will be obtained after such a treatment.

The synthesis of titanium and zirconium oxides from freshly precipitated hydroxides using an electromagnetic field has been described in earlier works [5-7]. Studies on the obtaining of tungsten oxide and carbide from their hydroxides using a microwave field have not been carried out before. Therefore, the main purpose of this work is to obtain tungsten oxide and carbide powders from freshly precipitated tungsten acid with use of microwave radiation. The study of chemical processes which takes place in SHF-field allowed to obtain different modifications of tungsten oxides with different structure and size of grains depending on temperature and duration of treatment. 

EXPERIMENTAL
In experiments the freshly precipitated tungsten acid obtained from water solutions of ammonium tungsten with concentration 38-40 g/litre (counting from WO3) added with hydrochloric acid with concentration 18-19 %  (рН=0-1) have been used. The precipitation was done with continuous mixing. The obtained suspension was washed and filtered from impurities. The freshly precipitated tungsten acid is a light yellow powder with monoclinic structure (Fig. 1a) and with a specific surface area of 25-30 m2/g. 
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Fig. 1- X-ray powder diffraction patterns of tungsten oxide and carbide

For precipitation of tungsten acid on a carbon substrate, ultradispersed acetylene soot with a specific surface area of 20 m2/g has been used. The soot has been added to the hydrochloric acid solution before precipitation, the ratio of WO3(С = 1(1-8.
The obtained precipitates are black powders with a monoclinic structure (Fig. 1a), however the specific surface area of these samples differed from the one obtained without carbon soot and varied from 30 to 65 m2/g depending on soot content. Subsequently, the samples were placed in quartz crucibles and treated by an electromagnetic field with frequency 2450 MHz and power 700 -1200 W.

The microstructure of the obtained powders and their grain size has been studied using scanning electron microscope JEOL JSM 6390LA. 
RESALTS AND DISCUSSION
It has been shown that after drying of the tungsten acid precipitates in an electromagnetic field at temperatures not higher than 150ºС, WO3*H2O with orthorhombic structure has been obtained (Fig. 1 b). The microstructure of the obtained composite is shown in Fig. 2 (a, b). On the overall view one can see that the composites consist of crumbly agglomerates with different shapes and with a size less then 1μm. The accretions of agglomerates have irregular and winding boundaries. The detailed observation reveals two components of agglomerates: one has a spherical and another a lamellar shape. Energy-dispersive X-ray microanalysis confirm the proposition that spherical agglomerates consist of carbon and that the lamellar grains are a monoclinic modification of tungsten acid.
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Fig 2- Images of microstructure of WO3(H2O/4С composites: 
(а) overview (6000, (б) (33000
It has been shown that heating above 300ºС leads to the formation of tungsten oxide with a orthorhombic unit cell. At 800-900ºС during 35-40 minutes the formation of homogeneous tungsten oxide with a orthorhombic unit cell has been observed. (Fig. 1 с). The specific surface area of the concerned samples varied from 20 to 65 m2/g, depending on soot content. Grains with a size from 50 to 200 nm form agglomerates of about 1 μm.

It is worth to mention the high speed thermolysis of tungsten acid and corresponding hydrates in an electromagnetic field. Usually, during thermolysis the homogeneous tungsten oxide or tungsten oxide mixed with soot was obtained. The high speed with which the formation of oxide takes place can only be explained by the particular effect of microwave radiation, thus during microwave heating the polarization of the hydrate and water molecules leads to the formation of a large number of seeds in the whole bulk of the sample. Such seeds have a high reactivity, and their uniform distribution assists diffusion in the thermolysis process and reduces the duration and the temperature of synthesis. 

Obtained mixtures of WO3 and soot have been used for the synthesis of an ultrananopowder of tungsten carbide. The synthesis was carried out at 1000(С during 15-30 minutes using  microwave furnace Amana. As a result, the formation of a hexagonal modification of tungsten carbide with a specific surface area of about 5-15 m2/g has been observed (Fig.1 d). The microstructure features and grain size of the obtained powders are shown in Figs. 3 а and b.  The over-all view of the obtained tungsten carbides particles is similar to the one observed for the starting composite, only the specific surface area is slightly reduced. A detailed study of  carbide samples showed that they consist of agglomerates of spherical and oval grains (Fig. 3 b). Lamella grains have not been observed.

Thus, the performed study showed that freshly precipitated tungsten acid and tungsten hydrates effectively absorb microwave radiation and get warmed up to corresponding  temperatures. During the thermolysis different modifications of tungsten oxides have been obtained.
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Fig. 3- Images of microstructure of WС powders: 
(а) over-all view (11000, (b) (25000
The addition of soot allows to obtain composite ultrananopowders of tungsten acid, which can be used as a starting material for the synthesis of tungsten carbide. Soot addition in the stage of precipitation allows to obtain homogeneous and monophase powders with uniform grain size. By varying the quantity of the added soot one can obtain either tungsten oxide or tungsten carbide, can decrease the grain size, increase the specific surface area or increase the temperature of self heating of concerned powders. The energy absorption by the whole volume of the samples during heating and the heat flow from the inside to the surface of the sample leads to the formation of nanopowders without sufficient agglomeration on the surface.

The proposed procedure allows to obtain monophase tungsten carbide and oxide or their mixtures with soot with a high surface activity. 
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