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Introduction 
Investigations into electric sparc metal 

erosion, that have been performing for the last two 
decades, allow us to gain sufficient information on 
mechanism of the ultradispersed particle formation, 
effect of arc parameters and physical properties of 
medium on the parameters and properties of the 
particles prepared [1-2]. 

Moreover, the work directed to the 
investigation into the mechanism of the dispersed 
phase formation suggests that monolithic solid 
particles will not form in all the cases [3]. 
Experiments demonstrated that in some 
experimental conditions the hollow particles 
formed. They can have various geometric forms. In 
the work presented the formation of hollow 
ultradispersed particles is considered. The particles 
have been prepared by nickel sputtering in the 
hexane medium. 
 
Experimental 

As showed in [3], the main techniques for 
hollow particle preparation may be: 
a) dispersion of the substance solution using 
ultrasound or frothing the operation solution before 
pyrolytic treatment; 
b) interaction between liquid particles (solutions or 
melts) and gas or vapor in aerosols; 
c) emulsion method; 
d) precipitation of different compounds on the 
surface of polymer particles followed by treatment 
with oxygen and hydrogen; 
e) other techniques representing modifications of 
one or another method or their combination. 
Various materials may be produced by these 
techniques [4-23]. 

Basically, macro- and microparticles are 
produced by all the techniques above. 

In our previous work we prepared micro- 
and nanodispersed particles by two techniques:  
1) final reduction in H2 of the mechanical mixture 
from highly dispersed powders of required metal 
oxalates and the base followed by removing the 
base material by chemical method; 2) cladding the 
highly dispersed base powders with required metals 
followed by removing the base material by different 
methods. 

In this report we represent the results of the 
work aimed to prepare the hollow nanoparticles of 
metal carbides. 

The apparatus for electric sparc material 
dispersion in liquid media was used for this 
purpose. The apparatus was designed in laboratory 
67 in Institute for Problems of Material Science of 
National Academy of Sciences of Ukraine. 
The apparatus allows preparation of particles  
10 nm - 10 μm in size. There is possibility to study 
the effect of temperature, the nature of liquid phase, 
plasma parameters on properties, geometric 
parameters and structures of the products produced. 

In the experiment nickel was used as the 
material sputtered. It has been sputtered in 
C2H5OH, toluene, benzene and hexane. The 
products produced have been studied using 
transmission electron microscopy (Fig.1-9). 
 
Results and discussion 

In the course of the experiment the 
formation of hollow particles has been observed 
only in the hexane medium. Moreover, the 
formation of nanoparticles has been observed in all 
the media. Nanoparticles are gathered it the fractal 
clusters which consist of larger or fewer number of 
initial units (Fig.2). Nanoparticles may present as 
separated aggregates or they adhere to the large 
metal particles (Fig.2). Particles may be both 
hollow with crystals on the surface (Fig.3) and 
completely monolithic (Fig.4). 

Additionally, the particles with the almost 
regular form (Fig.5) and the noticeably distorted 
spherical form have been prepared in hexane. It is 
rather difficult to describe the shape of some 
hollow particles produced (Fig.7). Among the 
particles prepared there were particles with faces 
typical for monocrystals (Fig.8,9) and the particles 
which have the shape like an acrumpled paper sheet 
(Fig.1). 

We suppose that the hollow particle 
formation occurs in two stages: 
a) the refractory carbide, oxycarbide or carbon 
(graphite or hydrocarbon) layer forms on the 
surface of the metal particles, when it is cooled. 
Quenching the layer occurs in the operation liquid 
(Fig.5). 
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b) The particle returns from the liquid medium (due 
to the turbulent movement of liquid) into the 
plasma zone. Heating occurs above the metal 
melting point. As a result, vapor forms inside the 
refractory shell. The shell tears, vapor is ejected. 
This process results in the formation of both metal 
nanoparticles and hollow structures which, 
obviously, will be of great practical interest as 
filters, sorbents and catalysts. 
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Fig. 5 
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