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Abstract. The discharge between solid and liquid electrodes under the normal atmospheric
conditions (SATP) was investigated. As electrodes, the metal materials and unsaturated salts
solutions are used. Such discharge takes place in the range of voltage from 510 V to 525V, a
current from 0.2 A to 6 A, a electrolyte liquid flow rate from 2 cm’/s to 14 cm’/s, an electrolyte
stream length from 5 mm to 40 mm. Increasing the flow rate of electrolyte liquid increases the
discharge current. There are minimum and maximum critical values of the electrolyte flow rate
of beyond which the existence of discharge is impossible. Specific values of the critical flow
rate of the electrolyte depend on the nature, composition and stream length of the electrolyte.
The electrical discharge between the electrolyte stream and a metal electrode is followed by
erosion of the electrode material. The technique for local removal of metal by means of such a
discharge is developed and the optimal values of erosion treatment parameters are determined.
By using the discharge, technical processes of cleaning surface, deburring, drilling and cutting
of metal materials were implemented.

1. Introduction

In the recent years, special attention is given to the study of the processes occurring in the electric
discharge between solid and liquid electrodes [1 — 4]. The implementation of the plasma with various
liquid and solid materials usage allows modifying and synthesizing products with a wide range of
properties [5 — 7]. However, the absence of developed technologies delaying the implementation of
these processes in production.

The usage of the electrolyte stream as a liquid electrode is attractive in terms of the local treatment
of material by plasma. Such a discharge is accompanied by erosion of solid electrode material which
can be successfully used for surface cleaning, deburring, drilling, cutting metal materials.
Implementation of controlled erosion is limited by lack of studies of the processes occurring in the
discharge between the solid electrode and the electrolyte stream.

The determination of electrical characteristics of the discharge, establishing their influence on the
electrical and hydraulic properties of the electrolyte have a great importance for the development of
erosion treatment technology.

2. Experiment
The discharge was done at atmospheric pressure between the liquid cathode and the solid anode with
the values of voltage and current not exceeding 1 kV and 6 A, respectively. Experiments were

' To whom any correspondence should be addressed.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



VII Conference on Low Temperature Plasma in the Processes of Functional Coating Preparation IOP Publishing
Journal of Physics: Conference Series 669 (2016) 012064 doi:10.1088/1742-6596/669/1/012064

conducted with using various electrode materials. The aqueous solution of sodium chloride, copper
sulphate, ammonium nitrate with different concentrations and industrial water were used as
electrolytes. Copper, iron, titanium, and their alloys are used as the solid material of the electrodes. At
the same time the solid electrode was used as an object of erosion machining.

For the erosion machining, electrolyte stream is directed to a certain area of the solid electrode. A
stream of electrolyte is supplied through the ferrule with the dielectric nozzles. Current is fed to this
ferrule. Stream length (L) is defined as the distance from the ferrule to the surface of the solid
electrode. The diameter (D) of the stream depends on the size of the holes of the dielectric nozzles. To
conduct the experiments a special tool to manage the supply (flow rate) of the electrolyte and to adjust
the size (diameter and length) of its stream was made.

3. Results and their discussion

After getting out of the nozzle, electrolyte stream becomes a main element which supplies current to
the metal electrode. It is known [8] that the electrical conductivity of the electrolyte is higher, as the
higher the concentration of salts is in the solution, but it is seen only till a certain critical
concentration. Typically, these values are slightly below the critical limits of solubility. Nevertheless,
as shown by our experiments, the presence of undissolved crystal sediment in the electrolyte leads to
instability of the discharge. These circumstances have been resulted into the choice of the unsaturated
sulphate solutions as the electrolyte: from 5% to 15% for the NaCl, CuSO4, NaNO3. Another factor
affecting the rate of current passage is the average rate of the electrolyte flow (or liquid flow rate Q).

The parameters such as power and electrolyte stream affect the discharge between the solid
electrode and the electrolyte.

The critical current values (I.;) and flow rate of the liquid electrode (Q.) for the occurrence of
discharge were experimentally established. When currents and flow rate of the electrolyte are lower
than the critical level, the discharge does not light, and there is a conventional electrolysis. The
specific values of the critical current and critical flow rate of the electrolyte depend on the nature of
the salts and its concentration in the solution, and on the temperature and length of the stream of
electrolyte (Figure 1).
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Figure 1. The dependence of the discharge current I on the

flow rate of the electrolyte Q at different lengths of the stream

L of electrolyte of process water (1 — L=18 mm) and 10%
NaCl solution (2 — L=10 mm; 3 — L=14 mm; 4 — L=22 mm).

The increasing of the length of stream L increases not only the value of the critical current Icr, but
also requires a larger flow rate of electrolyte Q. for the occurrence of discharge. For example, in the
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case of electrolyte of 10% sodium chloride solution, with increasing of stream length L from 10 mm to
22 mm, the critical current values I, and Q. electrolyte flow rate increase from 0.35 A to 1.75 A and
from 2.7 cm’/s to 6.6 cm’/s, respectively. Such delay is supposed to be due to increased resistance of
the stream and the voltage drop on it.

Increasing the flow rate of electrolyte increases the discharge current I, as this increases the number
of current carriers per unit of time. However, after reaching a certain Q values, the discharge becomes
unstable and the blanking is carried out. Thus, the discharge is characterized by another critical value
of the electrolyte flow rate Q.. This is the maximum flow rate of the electrolyte liquid at the given
conditions, beyond the increasing of which, the discharge goes to electrolysis. This transition is
accompanied by a spike increase of the current, flowing through the stream. Critical parameter Q .y,
as the I; and the Q,,, depends on the nature, composition and length of the electrolyte stream.

It should be noted that the electric discharge behaves similarly when using industrial water as an
electrolyte. However, it is characterized by low values of discharge of current and blanked much
earlier — at low flow rates of electrolyte.

Figure 2 shows the current-voltage characteristics of the discharge between the metal electrode and
the electrolyte stream. Specifications are directly proportional and it can be considered almost
horizontal. For electrolytes usage with normal atmospheric conditions (SATP), combustion of such
discharge is possible in a range of voltage from 510 V to 525 V. It was determined that the location of
the lines of current-voltage characteristics in the stress axis is influenced by both, the length of the
stream and electrolyte conductivity.
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Figure 2. Current-voltage characteristics of the discharge
between the metal electrode and the electrolyte stream with
diameter of 3 mm for various lengths L of the stream of
electrolyte from 10% NaCl solution (1 — L=10 mm; 2 — L=15
mm) and process water (3 — L=10 mm).

The practical interest is performed by the fact that the electric discharge between the electrolyte
stream and a metal electrode is accompanied by erosion of the electrode material. This phenomenon
can be successfully used to solve technological problems, such as surface cleaning, deburring, drilling,
cutting of metal materials.

Based on these studies the technique of local metal removal by a discharge, combusting between
the electrolyte stream and the solid electrode — workpiece. The technique has been tested on copper,
titanium and steel parts. For example, a drilling hole of 2 mm diameter in a copper plate with a
thickness of 5 mm at a discharge current of 2 A with a 10% solution of sodium chloride as electrolyte
was performed in 8 minutes. The experiment showed that the higher the temperature of melting of the
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electrode material, the more time is spent on its drilling. Processing performance can be increased by
increasing the discharge current. However, as shown above, when exceeding the critical values of the
discharge is being blanked and the process of anodic dissolution is started. It is accompanied by a
spike increase in electric power consumption and by a high heating of the electrolyte. In contrast to the
processes of drilling and cutting of metal, the cleaning of metal surface requires softer treatment
conditions. Apart from current density, the length of electrolyte stream influence on the effectiveness
of the erosion treatment. Experimentally, the optimal values of L, which lie in the range from 5 mm to
8 mm, were determined. Outside this range, the discharge stability is being significantly reduced.

4. Conclusions

The parameters such as power and electrolyte flow rate affect the occurrence and combustion between
the solid electrode and the electrolyte. Under the normal atmospheric conditions (SATP) and used as
the electrolyte the unsaturated sodium chloride solution, copper sulfate discharge combusts in a range
of interrelated basic parameters: voltage from 510 V to 525 V, a current from 0.2 A to 6 A, flow rate
of electrolyte liquid from 2 cm?/s to 14 cm’/s, an electrolyte stream length from 5 mm to 40 mm.

Increasing of the flow rate of electrolyte liquid increases the discharge current. There are minimum
and maximum values of the critical flow rate of electrolyte beyond which the existence of discharge is
impossible. The specific values of the critical flow rate of the electrolyte depend on the nature,
composition and length of the stream of the electrolyte.

The electrical discharge between the electrolyte stream and a metal electrode is followed by the
erosion of the electrode material. Based on these studies, the technique of local metal removal with the
help of such discharge is made and the optimal values of erosion treatment parameters are determined.
It makes possible to solve the technological problems of surface cleaning, deburring, drilling and
cutting metal materials.
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