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APPLICATION OF THE ELECTRICAL EXPLOSION OF WIRES FOR SYNTHESIS OF THE NANOSIZED POWDERS
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When the current pulse passes through a wire, the wire is fast heated up and explosively destroyed. According to the Joule energy introduced into the wire, the explosion products can be in liquid, vapor-drop, vapor, vapor-plasma, and plasma states, resulting in the particles with varying sizes. The major advantage of the method lies in a direct transformation of electrical energy into heat. The main deficiency is a yield of a great quantity of the coarse-sized fraction. 

The uniformity of Joule heating in formation of the particles is very significant but it can be broken by processes associated with the surface tension, sausage-type instabilities, or current skinning. Each of these processes will have effect if its specific time is comparable with the time of heating.

The magnetic hydrodynamic computation shows that the state of metal can be varied from liquid to plasma bypassing a phase transition liquid – vapor. Explosion, as such, begins when a material is in two-phase region. In this case, if before an explosion the energy is introduced into the material rather uniformly (Joule heating is uniform), the central layers are mainly heated during the explosion. A state of the material in the center approaches to vapor-plasma branches of the binodal and then goes into the plasma region. A further widening of the wire leads to that the wire material approaches to two-phase region, goes away the binodal and advances into depth of the two-phase region. In so doing, condensation of the vapor and formation of the ultra-fine particles occur. 

In the end, the forming particle size depends on the energy introduced, wire radius, current density, and properties of the surroundings (density, chemical activity, and electric strength). 

Experiments show that it is possible to produce nanosized powders based on varying metals by the electrical explosion of rather thin wires under conditions of uniform Joule heating and reduced pressure of a surrounding gas. With that, a median size of the particles is less than 100 nanometers and the coarse fraction is no more than 10% of total mass of the powder. 
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