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Introduction 

Specific properties of metals in nano state open 
widely opportunities for creation of new effective 
materials and their application in the industry.  

Reception nanoparticles by electric treatment of 
materials combines’ complex temperature-
deformation influence on a material with high 
manufacturability of a method. 

During electro spark processing there is an 
active interaction of products of erosion with the 
interelectrode dielectric environment in conditions 
of high temperatures, pressure and cooling speeds 
that creates preconditions for obtaining of high 
dispersity particles with a wide spectrum of 
structural states and properties. It predetermines 
reception nanoparticles with the high level of free 
energy and, as the consequence, the high ability to 
intensive interaction with an environment. 

 
Results and discussion 

With the purpose of studying of an opportunity 
of reception нано dimensional particles and 
estimations of their properties investigated process 
of electro spark treatment of copper and silver in 
water. 

According with results of works [1, 2] of 
copper and silver granules was loaded in a 
discharge chamber which made from plexiglass 
and in which the electrodes from the same material 
that granules was fixed. After this water was 
poured, generator discharge pulses turn and copper 
and silver water colloid solutions got [3]. Values of 
peak powers of electric impulses (Pmax) are shown 
in the table.  

Precipitation of solid particles from the water 
colloid solutions done by drying of drops of 
solutions on the plate of crystalline quartz. Phase 
and chemical composition of particles was studied 
by the X-ray diffraction method. Size and form of 
the particles, determined by the analysis of carbon 
replica by an electron the microscope EEM-200. 

X-ray investigations shown that at electrospark 
treatment was obtained Cu, Ag, CuO and Cu2O 
particles. A chemical composition, parameter of a 

lattice (а) and the sizes of areas of coherent 
scattering (ACS) particles shown in table 1.  

 
Table 1. A chemical composition, parameter of 

a lattice (а) and the sizes of areas of coherent 
scattering (ACS) particles obtaining by electro 
spark treatment of Cu and Ag. 
 

Material Parameters 
Cu Cu2O CuO Ag 

1 condition. Cu granules. Pmax = 2784 W 
Content (wt.%) 33,20 66,80 0 - 
а, nm 0,3615 0,4265 0 - 
Size of ACS, 
nm 

130-
150 

20 0 - 

2 condition. Cu granules. Pmax  = 6960 W 
Content (wt.%) 40,30 22,33 37,37 - 
Parameter 
of a lattice, 
nm 

(а)    
(c)  
(b) 

0,3617 0,4275 0,4680 
0,3453 
0,5154 

- 

Size of ACS, 
nm 

150 15 74 - 

3 condition.  Ag granules. Pmax = 4408 W 
Content (wt.%) 0 0 0 100 
а, nm - - - 0,4086 
Size of ACS, 
nm 

- - - 120 

 
The analysis of the form and the sizes of 

particles shown, that particles of copper have the 
sizes from 10х10 to 600х900 nanometer and the 
ellipsoidal or spherical forms. The silver particles 
have the spherical forms and diameter from 200 to 
500 nanometers. 

Feature of electrospark treatment of metals in 
water is that process occurs in conditions of water 
electrolysis and high temperatures of spark 
discharge. The calculations executed according 
with recommendations of work [4] shown that in 
the investigated conditions the temperature of a gas 
atmosphere around of the spark channel reaches 
for 1 condition of electro spark treatment 10685 
оС; for 2 condition – 11745 оС; for 3 condition - 
10064 оС.  
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At the temperatures the atmosphere around of 
electrospark channel contents: in a temperature 
interval from 12000 to 5500 K hydrogen and 
oxygen atoms; 5500 to 4000 K - atoms and 
molecules of hydrogen and oxygen; 4000 - 2000 K 
- atoms and molecules of hydrogen and oxygen 
and molecules hydroxyl group OH and water 
steam; 2000 - 373 K - molecules of hydrogen, 
oxygen and water steam; 373 - 293 K - molecules 
of hydrogen, oxygen and liquid water. 

The thermodynamic analysis has shown, that at 
cooling in temperature interval from 12000 to  
373 K no conditions for forming of silver units in 
an atmosphere surrounding spark discharges. Only 
at temperature below 100 оС formation of Ag2O 
units and their reduction by hydrogen is possible. 

At cooling copper in temperature interval from 
12000 to 1800 оС thermodynamic conditions of 
formation units in an atmosphere surrounding 
spark discharges no. However in a temperature 
interval from 1800 to 1100 оС preconditions for 
forming Cu2O and reduction by hydrogen 
molecules are created and at temperatures from 
1800 to 1728 оС by hydrogen atoms. 

At temperatures below 1100 оС preconditions 
for forming of Cu2O and CuO are created. 
Reaction of forming of Cu2O is more preferable. 
Units Cu2O and CuO are reduce by hydrogen at 
cooling up to 650 and 20 оС, accordingly. It is 
necessary to note, that in an interval 100-20 оС 
differences of thermal effects of reactions of 
oxidation of Cu2O by oxygen up to CuO and 
reduction CuO by hydrogen up to Cu are from 1.1 
to 4.3 %. This shown that probability of the 
reactions is practically equivalent. 

Calculations show, that during electro spark 
treatment of copper granules in water 
preconditions for forming of Cu and Cu2O 
particles are created at temperatures below 650 оС 
and Pmax = 2784 W. In this case, quantity Cu is 
33,2 % wt., Cu2O = 66,8 % wt. (table. 1 condition).   

  Increase of discharge power is accompanied 
by increase of kinetic energy of the molecules 
which are being in atmosphere around of the 
discharges and of quantity of oxygen which is 
precipitated during water electrolysis. It leads to 
braking of reduction of oxides and changes 
sequence of their forming. For example, as a result 
of increase of discharge power in 2.5 times (2 
condition, table 1) occurs additional CuO oxides at 
a following of phase contents (wt. %): Cu = 40.30; 
Cu2O = 22.33; CuO = 37.37. 

 
Conclusions 

Results of the executed researches show, 
that hydrogen essential influence on process of 
formation nanoparticles at electro spark 
treatment of metals. Hydrogen reduction 
efficiency of oxides changes and depends from 
conditions of electro discharge treatment. This 
leads to change of type and quantity of 
nanoparticles. 
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