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Abstract

The high-quality treatment of waste water from galvanic production sites is a recent problem in many fields of production. The electric pulse

method is the most acceptable treatment method for this type of waste water.

In the present paper are presents the survey results of the dependence of productivity of the main technological process (metal dispersion) on the
energy and technological characteristics of a pulse generator and an electric discharge reactor. The survey results are necessary to determine the optimal
operating modes and adequate design of equipment for waste water treatment of aircraft production galvanic areas.

Physical and mathematical model which are presented and experimental data confirm the dependence of the magnitude and nature of the electric

pulse erosion of the material on the dispersion conditions.

Results of an experimental investigation of energy technology factors influence on the dispersion of metal in an electroerosive reactor are presented
in the paper. A mathematical model of the dependence of the process productivity and specific energy expenditure has been obtained. The results of an
experimental investigation of the discharge dimple on a microscope REM 106 for steel electrodes are presented.

Key words: waste water treatment, pulse discharges, dispersion, electrode erosion.

Problem statement

The problem of environmental pollution, including
the quality and purity of water resources, is considered
very seriously in all countries of the world. Innovative
solutions for assessing pollution trends are proposed
[1, 2].

Mechanical engineering, the aviation and space
industries are characterized by a wide range of complex
configuration parts with many internal cavities to be
coated. The technology of electroplating coatings using
electrolytes is still widespread, despite the fact that new
technologies for coating parts of machines, aircraft and
vehicle (vacuum spraying, detonation spraying, etc.) are
being developed and implemented. In the process of
electroplating coatings, it is generated a large amount of
waste, especially, sludge and galvanic waste water
(GWW). Waste from the galvanic production of
aviation enterprises leads to the pollution of the
hydrosphere and land resources with toxic substances —
heavy metal ions (copper, chromium, cadmium, nickel,
etc.). Such a complex composition of pollutants in
wastewater does not allow them to be effectively
disposed for reuse by existing methods.

The impurities in the wastewater of the
electroplating workshops are chemical elements that
adversely affect the environment and pose a threat to
flora and fauna. It should be noted that heavy metals are
potentially toxic to living organisms [3, 4].

Industrial wastewater generated in galvanic plants is
one of the most common. Formed as a result of coating,
as well as chemical and electrochemical treatment of

metals, galvanic wastewater contains salts of heavy
metals, acids and alkalis in quantities tens of times
higher than the maximum allowable concentrations.
Such effluents represent a serious danger to the state of
the environment and, in particular, water bodies, which
makes it important to develop methods aimed at
improving the wastewater treatment of galvanic plants.
A wide range of wastewater pollution determines the
necessity to develop universal technological processes
for integrated disposal of polluted water. Making a
choice of the disposal process and its hardware design
should be based on a careful analysis of the main
technology in order to minimize waste and select the
optimal systems for their disposal. The methods of
galvanic effluent treatment studied today make it
possible to convert toxic substances into sparingly
soluble compounds and to neutralize acids and alkalis.
At the same time there are losses of valuable raw
materials, and also irreparable harm to the environment
is inflicted.

An alternative to existing methods of utilization of
liquid galvanic waste are physical methods using high
temperatures, electric and magnetic fields, electric
discharges and currents, UV and ionizing radiation.
Among the electrophysical methods should be noted the
treatment of water by pulsed discharges in order to
purify and disinfect it. This discharge produces a
powerful complex effect on the fluid, intensifying the
processes in it.

Taking this into account, the task of creating a
technology for the processing and disposal of liquid
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(waste solutions) and solid (shavings) wastes generated
in the process of neutralizing industrial effluents from
electroplating industries, as well as waste from
metalworking industries, is a relevant objective.

To solve the above-described problem, it is proposed
to use the electric pulse method of utilization of GWW.
However, the physical and technical processes of
electrical impulse dispersion of conductive materials
during the disposal of waste from galvanic and
machining industries in a one-stage process have been
underexplored.

Analysis of recent research and publications

The methodology for wastewater treatment is
constantly being developed. The aim is to reduce the
pollution of water resources and to comply with the
legislation. Modern technologies are constantly being
modified, new sewage treatment methods are being
proposed and introduced to ensure environmental
protection and sustainable development. One of the
main challenges is the possibility of recovering valuable
components, the organization of energy efficient
methods, the introduction of waste-free production and
environmentally sound technologies [5, 6].

In modern conditions, the development and
implementation of technological processes for the
utilization of industrial waste with the provision of the
regeneration of rare and expensive materials is
highlighted [8, 9].

The electrical impulse process of waste utilization of
galvanic workshops is based on the combined effect on
water of physical and chemical phenomena arising from
the implementation of impulse electrical discharges. In
this set of physical and chemical influences on the
cleaned water is wide enough (presence of
electroerosion process allows to obtain highly dispersed
materials to conduct activation aqueous suspensions
affects the character of the flow of processes when
dispersed) [10]. The literature contains limited
information of the mechanism of such processes. There
is not enough data on the dynamics of the discharge in
the layer of material, on the number of circuits that arise
between the electrodes in one current pulse, on the
mechanism of action of processes that cause material
erosion, as applied to the complex of phenomena
accompanying electrical erosion in granular material.
The data on the formation of the discharge channel and
the dynamics of the formation of dimples on the
surfaces of the reactor loading elements are decisive
when choosing the operating parameters of installations
for the implementation of wvarious technological
processes. It is associated with the discreteness of mass
release from the contact zones of the existence of a
spark discharge and the mechanism of post-discharge
cooling processes and chemical reactions of erosion
products with the environment.

The rate of mass release in the anode and cathode
spots of the current-conducting reactor charge depends
on the surface temperature of the interacting elements.
A preliminary analysis of the phenomenon under study
allows us to assert that, in the first approximation, the
total energy of the capacitor bank is distributed in equal
portions between the anode and cathode.
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Technological processes associated with the
production and use of a finely dispersed phase of
various metals have found wide multipurpose
application. One of the ways to obtain a finely dispersed
phase is pulsed electric-discharge dispersion of a metal
in a liquid or gaseous medium.

The discharge energy is spent on melting the metal
surface with its partial evaporation in the discharge
binding zone, liquid evaporation in the surface layer of
the discharge channel, and on channel expansion. The
distribution of energy in the indicated directions is not
stationary and is determined by the dynamics of the
plasma channel and the physical and chemical
characteristics of the medium. In the point of impact
there are formed holes filled with molten metal, which,
under the influence of the electrodynamic forces of the
discharge and the gas-dynamic pressure of the
evaporated liquid, is ejected in the form of dispersed
drops into the surrounding liquid and the zone of
reduced pressure in the discharge channel. The
dispersed particles size depends on the energy in the
current pulse, heat capacity, surface tension, and other
characteristics of the material being processed.

As a result of dispersion in water the suspension is
formed. It consists of liquid metal particles and particles
condensed from metal vapors. The particles actively
interact with water at high local initial temperatures,
entering into an oxidation reaction with the formation of
metal hydroxide and hydrogen. At the same time, the
oxidation of the molten metal remaining on the inner
surface of the hole after the ejection of the basic of the
metal into the liquid (emission factor 0.6...0.95).
Insufficiently complete mathematical description of the
complex physical and chemical phenomena occurring in
this case complicates the study of the dispersion process.

The observation of the productivity dependence of
the main technological process (metal dispersion) on the
energy and technological characteristics of a pulse
generator and an electric discharge reactor is necessary
to determine the optimal operating modes and relevant
design of equipment for waste water treatment of
galvanic areas of aircraft production.

Statement of the problem and its solution

Whereas that the analytical description of impulse
erosion processes is extremely difficult due to space-
traveled discharges there an attempt was made to create
a simplified model of the process by the method of the
mathematical theory of experiment planning. The
method allows to represent the process model in the
form of an algebraic polynomial reflecting the
dependence of the optimized parameter on the specified
variables. The model allows to move along the minimal
path to the optimum and perform a statistical analysis of
the process. The target function Y represents a
dependency of the form:

Y =F(Xq, X5, 00y Xy e X ) (1)

where X; — energotechnological variables affecting the
optimized parameter (dispersible mass); Y=m -
dispersible mass.
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Investigation of the influence of
energotechnological parameters on the productivity
of metal dispersion.

On a pulsed electric discharge in water, when the
dispersed metal interacts with water there are a number
of factors arise that accompany the discharge — high
temperatures and pressures, high-intensity alternating
magnetic fields, ultraviolet radiation, powerful shock
waves, water activation, etc.

The discharge energy is spent on melting the metal
surface with its partial evaporation at the points of
discharge attachment and on liquid evaporation near the
surface layer of the discharge channel. In this case, in
the discharge channel reached a high temperature
0.2-10%...2-10*°C and pressure to 3-108...8-10% Pa.

Energy distribution along the discharge channel is
unsteady and is determined by the dynamics of the
plasma channel and the physical and chemical
characteristics of the medium.

Under the influence of the electrodynamic forces of
the discharge and pressure, the evaporated part of the
metal and liquid, the molten and evaporated metal is
thrown into the surrounding liquid.

The size of the dispersed particles depends on the
energy introduced into the discharge and the rate of its
input, heat capacity, surface tension, the number of
crystallization centers, and other characteristics of the
metal. As a result of dispersion in water, a suspension is
formed of relative coarse (10...60 pm), medium
(1.0...10 um) and micronized (0.1...1.0 um) metal
particles from the melt and condensed from metal
vapors.

The dielectric metal hydroxide formed on the
surface of the hole and in the interelectrode gap sharply
increases the electrical resistance of the circuit and the
discharge switches to another section of the metal
surface. In the future, this can lead, after the removal of
the reaction products by the water flow, both to the
excitation of electrical erosion of the area under
consideration, and to its movement over the surface.

Preliminary analysis showed that the main factors
affecting the specific performance of dispersion m, kg/h

and energy expenditure E = % , kW-h/kg are the pulse

energy J, determined by the capacity of the working
(discharge) capacitor C, uF, voltage in it Ug, V,
discharge duration timp, S, the elevation of the metal
layer in the electric discharge reactor H, cm, electrode
area S, cm? and flow rate of pumped water V, I/h;
current pulse frequency f, s, which determines the
pulse energy at a given voltage Uo.

As the main influence at timp is exerted by the
inductance of the discharge circuit; to reduce the
inductance of the discharge circuit, the distance between
the discharge capacity and the reactor was reduced to a
minimum determined by the design capabilities of the
installation and was equal to 25...30 cm.

To determine the mass of the dispersed material in
each individual experiment, a given volume (the same
in all cases) of an aqueous suspension of the dispersed
material was accumulated, which settled for the same
time, after which it was separated from the water by
filtration. The wet sediment was dried in the drying
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chamber SSh-200 at a temperature of 50 °C. The mass
of dispersed metal was determined by weighing on an
A-3 analytical balance with an accuracy of 0.1 mg. The
value of the mass of the dispersed material that
precipitated out at fixed values of the factors was
determined as a result of three independent experiments.

As a backfill materials in the aerospace industry
widely were used: structural and alloy steels and
aluminum alloys. Therefore, iron pellets were used to
fill the reactor (pellet diameter — 6...8 mm), steel
shavings (steel 5, steel 10, steel 20, steel 45, etc.). All
measurements were performed at a voltage in the
capacitor bank U = 600 V.

Experimental results (mass of dispersed material
m, kg/h, and specific energy expenditures E, kW-h/kg)
for materials based on iron are presented in the form of
graphical dependencies are shown at the Fig. 1.

Construction and validation of predictive models

To determine the mass of the dispersed material in
each individual experiment, a given volume of an
aqueous suspension of the dispersed material was
accumulated, which was then settled for a certain time,
after which the precipitate was separated from the water
by filtration. The wet sediment was dried in the drying
chamber SSh-200 at a temperature of 50 °C. The mass
of dispersed metal was determined by weighing on an
A-3 analytical balance with an accuracy of 0.1 mg. The
value of dispersed material (coagulant) mass at each
experimental point was determined as a result of three
independent experiments.

Based on the analysis of the experimental results
there were obtained five significant factors and have
been identified their affect the specific performance of
dispersion, kg/h, i.e. by the amount of the obtained
coagulant, and energy expenditure, kW-h/kg: current
pulse frequency f,s?, capacity of the working
(discharge) capacitor C, puF, which determines the pulse
energy at a given voltage Uo, metal layer height in the
electric discharge reactor H, cm, area of electrodes
S,cm? and flow rate of water pumped through the
reactor V, I/h.

For these factors, the approximating or model
function of the target is taken in the form of an
incomplete polynomial of the second degree:

y=ap+a,-f+a,-C+az-H+
+a,-S+ag-V+ag-f2+a,-C*+ @
+ag-H?+ay-S%+a;,- V2 +
+ay,-f-C+ay,-f-S+a;5-C-S,
where f, C, H, S, V — factors affecting the performance
of the dispersion process m.

After comparing the influence of each of the listed
factors on the value of the dispersed mass m, it was
found that three five more factors, namely the frequency
f, the capacity of the discharge battery Co, the area of
the electrodes S, are decisive, since their change leads to
more significant weight change (variation of parameters
f=400...1000 Hz, C=5...20 uF, S=5...40 cm? leads
to an average change in mass for 400...440 %; variation
of H=1...7cm, V=70...400 I/h leads to an average
change in mass for 100...120 %).
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Fig. 1. Dispersed material m, kg/h and specific energy expenditures E, kW-h/kg diagrams
to technological parameters for steel 20:
a — current pulse frequency f, Hz; b — backfill layer height H, cm; ¢ — discharge capacitor capacitance C, pF;
d — area of electrodes S, cm?; e — water flow through the reactor V, m%h

Thus, to describe the process of metal dispersion can
be used a quadratic function, which depends on five
variables (factors), three of which are the most
significant (f, C, S). To determine the unknown
parameters a; of such a mathematical model, a fractional
factorial plan was used N =3%2, in which each of the
selected factors changes at three levels. Such a design of
the experiment, supplemented by the results of
preliminary observations, is at the same time D-optimal.

Experimental studies on the influence of factors
(each factor varied at three levels) on the dispersion of
the metal, the results of which are given in Table 1.

The experimental data were processed using the
least square adjustment method. The calculated values
of the model parameters are presented in Table 2.

Since the value of the dispersion for the model
function is unknown, and the variance of the
observation errors Sq was used as its estimate, the
significance of the model coefficients ai was estimated
using the Student's t distribution at the significance level
a=0.05:
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|ai| > tchi ' (3)
where t, — argument t of the distribution
corresponding to o = 0.05 and ¢ = 44 — 14 = 30 degrees
of freedom; S? =C;S* — dispersion model parameter
estimates a;; C;; — diagonal elements of the dispersion

matrix, see Table 3; S — diagonal estimate errors of
observation, which is calculated according to the
formula (4):

2
Szzi(yavi_yi) , (4)
i=1 ¢
where y,,; — average experimental values of dispersed

mass; y; — dispersed mass value calculated by the

model at the i-th point of the experiment.

Comparing the significance levels of the model
coefficients and their calculated values, it is can be
concluded that all the model coefficients are significant,
i.e. significantly affecting the dispersible mass m.
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Table 1 — Experimental studies on the influence of
factors on the dispersion of the metal

No.| f C|H]|S \ Yn Yo Ym
0 [ 100 | 20 | 5 | 40 | 0.1 | 0.055 | 0.062 | 0.049
1 [ 250 |20 | 5|40 01 |0.122|0.126 | 0.12
2 | 250 | 20| 5|25 01 |0.111 0119 | 011
3 250 ] 20| 5| 5] 01 ]0.032]0.039 | 0.037
4 [ 250 | 15| 5 |40] 0.1 | 0402 0.11 | 0.099
5 250|155 |25] 01 ]0101]0101] 0.1
6 | 250 | 15 | 5 | 5 | 0.1 | 0.029 | 0.033 | 0.025
7 | 250 | 10 | 5 |40 0.1 | 0073 | 0.08 | 0.07
8 [ 250 | 10 | 5 | 25| 0.1 | 0.072 | 0.072 | 0.072
9 [ 250 |10 | 5| 5 | 01 | 0.021 |0.021 | 0.021
10 | 500 | 20 | 5 |40 ] 0.1 | 0.18 | 0.191 | 0.175
11 | 500 | 20 | 5 | 25| 0.1 | 0.18 | 0.186 | 0.17
12 1500 | 20 | 5 | 5 | 0.1 | 0.052 | 0.061 | 0.048
13 | 500 | 15 | 5 | 40| 0.1 | 0.164 | 0.171 | 0.159
14 | 500 | 15 | 5 | 25| 0.1 | 0.16 | 0.165 | 0.158
15 | 500 | 15 | 5 | 5 | 0.1 | 0.047 | 0.05 | 0.045
16 | 500 | 10 | 5 |40] 01 | 0417 ] 0.125 | 0.113
17 | 500 | 10 | 5 | 25| 04 | 0116 | 0.121 | 0.11
18 | 500 | 10 | 5 | 5 | 0.1 | 0.036 | 0.037 | 0.033
19 | 750 | 20 | 5 | 40| 0.1 | 0215 | 0.22 | 0.211
20| 750 | 20 | 5 | 25| 0.1 | 0.185 | 0.19 | 0.191
21 | 750 | 20 | 5| 5 | 0.1 | 0.071 | 0.075 | 0.072
22 | 750 | 15 | 5 | 40| 0.1 | 0.181 | 0.186 | 0.185
23 1750 | 15 | 5 | 25| 01 | 017 |[0175]0.171
24 | 750 | 15 | 5 | 5 | 0.1 | 0.056 | 0.06 | 0.051
25 1750 | 10 | 5 |40 ] 0.1 | 0.139 | 0.147 | 0.135
26 | 750 | 10 | 5 | 25| 0.1 | 0.138 | 0.147 | 0.133
27 | 750 | 10 | 5 | 5 | 0.1 |0.0412| 0.044 | 0.04
28 [1000| 20 | 5 | 40| 0.1 | 0.217 | 0.231 | 0.21
29 | 500 | 20 |05 40 | 0.1 | 0.106 | 0.115 ] 0.101
30 | 500 | 20 | 1 |40 | 0.1 | 0.135 | 0.142 | 0.13
31 | 500 | 20| 2 |40 01 |0.177 | 0189 0.171
32 | 500 | 20 | 3 | 40 | 0.1 | 0.195 | 0.197 | 0.193
33 | 500 | 20 | 4 |40 | 01 0.2 022 | 0.21
34 | 500 | 20 | 6 | 40| 01 | 0.14 | 0.148 | 0.137
35 | 500 | 20 | 7 | 40| 0.1 | 0.079 | 0.085 | 0.071
36 | 500 | 20 | 5 |10 | 0.1 | 0.095 | 0.103 | 0.091
37 | 500 | 20 | 5 | 20 | 0.1 | 0.157 | 0.164 | 0.151
38 [ 500 | 20 | 5 [ 30| 0.1 | 0.185 | 0.195 | 0.19
39 | 500 | 20 | 5 | 40 | 0.07 | 0.163 | 0.171 | 0.156
40 | 500 | 20 | 5 | 40 | 0.2 | 0.206 | 0.215 | 0.199
41 | 500 | 20 | 5 | 40 | 0.3 | 0.185 | 0.194 | 0.181
42 | 500 | 20 | 5 | 40| 04 | 0.116 | 0.12 | 0.108
43 | 500 | 5 5 [ 40 ] 0.1 | 0.04 | 0.041 | 0.039

To assess the adequacy of the model obtained at
each experimental design two additional tests were
conducted (see Table 1). When checking the adequacy,
the achieved accuracy of the Sq model was compared

with the wvalue characterizing the observation
accuracy Se:
44
Si = Z(yavi — y{“)2 -v=2039-102, (5)

i=
where v — number of tests at each point in the plan,
(v=3);
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44 3
S5 =2 > (Yij — Yai)® =4.093-107°,
i=1j-1

where y;; — experimental values of the dispersed mass

(6)

at the i-th point of the experiment in the j-th test.

The model was tested using Fisher distribution F. In
this case, the hypothesis was used that if the model is
adequate, then relation (7) has the Fisher distribution
with @, and ¢, degrees of freedom:

s%
F=—/P _1461.

Se
P2

For the significance level o = 0.05 and
¢ =N—-(k+1)=44-14=30,
¢, =N(v-1)=44.2=88
critical value of the Fisher distribution argument is
equal to Fe=1.589, which is bigger than F = 1.461.

Thus, the ratio of the achieved model accuracy to the
observed accuracy is less than F¢ and, therefore, with
the probability P=1-a=1-0.05=0.95, it can be
argued that the presented model is adequate.

The values of the coefficients of the model, obtained
by the least square adjustment method, and their
confidence intervals are given in Table 3. Thus, the final
expression for the mathematical model of the metal
dispersion process has the form:

y =-0,354+0,245-f +0,29-C +
+0,552-H+0,188-S+0,395-V - 0,242 f% — @®

-0,188-C?-0,514-H?-0,196-5%-0,388- V% +

+0,056-f-C+0,314-f-S+0,1-C-S,
where f, C, H, S, V — relative values of factors obtained
by dividing current values by their respective maximum
values (fmax=1000 Hz, Cuax=20puF, Hmx=7cm,
Smax = 40 cmM?, Vmax = 0.4 m/h).

It is known that the surface of metals processed in an
electropulse reactor, is a set of overlapping crater holes.
The formation of these holes, their shapes and sizes
determine the amount and rate of melting, evaporation
and ejection of the material, the characteristic particle
sizes.

Materials with high melting and boiling points and
thermal conductivity have been found to be highly
resistant to erosion. Analysis and comparison of
experimental data and heat-physical constants of
materials showed that the amount of erosion decreases
with the increase of heat of melting and evaporation of
the unit mass of the material. In this case, depending on
the duration of the discharge pulse and its specific
power, the substance from the hole, the size of which
depends on the parameters of the pulse, will be
discharged in the molten or vapor state.

(7

Table 2 — The value of the model coefficients a; and their confidence intervals

aT= 0 1 2 3 4 5 6 7 8 9 10 11 12 | 13
0/-0.354]0.245| 0.29 | 0.522|0.188|0.395|—0.242|-0.188 | -0.514 | -0.196 | -0.388 | 0.56 | 0.134| 0.1

0 1 2 3 4 5 6 7 8 9 10 11 12 | 13
dt™=|0[-0.371]0.224|0.258 | 0.503 | 0.175| 0.361 | -0.257 | -0.207 | -0.532 | -0.205 | -0.417 | 0.038 | 0.124 | 0.09
1]-0.338|0.256|0.322|0.541|0.202 | 0.429 | -0.227 | -0.169 | -0.495 | -0.187 | -0.359| 0.075|0.145]0.11

44

Scientific and technical journal «Technogenic and Ecological Safety», 11(1/2022)



HaykoBo-texHiunmnii xkypHai K TEXHOT'EHHO-EKOJIOI'TYHA BE3IIEKA», 11(1/2022)

Table 3 — Dispersion matrix of the experiment

ISSN 2522-1892

1 2 3 4 5 6 7 8 9 10 11 12 13 14
11341 | -8.08 |-19.97| -3.13 |-2.88|-10.64| 2.74 | 991 | 254 |-0.37| 9.16 | 546 | 0.65 | 3.18
2808|2038 | 644 | 3.24 |-0.63]| -162 |-10.19| -1.13 | -256 | 0.59 | 0.65 |-10.38|-1.00| 0.75
3 |-1997| 644 | 4992|258 |317| 129 | -0.80 |-27.81| 2.03 | 190 | -0.52 | -8.04 | 1.42 |-6.84
4|-313 | 258 | -258|1748 |-2.38| -2.21 | -352 | 1.20 |-16.20| 1.09 | 0.89 | 0.31 | 0.17 | 1.83
5|-288| 317 | 317 | -238 |89 | 119 | 158 | -1.04 | 188 |4.12| 048 | 1.19 |-2.82|-3.27
6 |-1064| 129 | 1.29 | 221|119 |5604| 176 | 060 | 174 |-0.55]|-47.70| -0.16 |-0.09|-0.92
71274 | 080 |-080)-352|158| 1.76 | 1147 | 133 | 2.78 |-0.63| -0.71 | -1.42 |-0.77|-0.78
8| 991 |-2781|-2781] 1.20 |-1.04] -0.60 | 1.33 | 18.02 | -0.95 |-1.05| 0.24 | -0.22 |-0.12| 2.35
9] 254 | 203 | 2.03 |-16.20| 1.88 | 1.74 | 2.78 | —0.95 | 16.03 |-0.86| —0.70 | —0.25 |-0.13|-1.45
10| 037 | 190 | 190 | 1.09 |4.12| 055|063 |-105|-0.86|395| 022 | 0.05 | 0.02 |-0.51
11) 9.16 | 052 | -0.52 | 0.89 |-0.48|-47.70| -0.71| 0.24 | -0.70 | 0.22 | 41.70 | 0.06 | 0.03 | 0.37
12| 546 | -804 | -804 | 031 | 119|016 |-142|-022|-0.25]0.05| 0.06 | 16.66 |-2.53| 0.04
13| 065 | 142 | 142 | 0.17 |-2.82| -0.09 | -0.77 | -0.12 | -0.13 | 0.02 | 0.08 | —2.53 | 5.55 | 0.02
14| 3.18 | 684 | 6.84 | 1.83 |-3.27| 092 | -0.78 | 2.35 | -1.45 |-0.51| 0.37 | 0.04 | 0.02 | 4.83

In addition to the amount of discharge energy and its
duration, the amount of material ejected from the hole is
significantly affected by the interelectrode gap (the
distance between the electrodes). If the breakdown
between the electrodes is carried out in direct contact
between them or at a gap in 1...3 um, the formation of
the holes proceeds in such a way that the processes on
the cathode and on the anode are so identical, that the
holes are almost indistinguishable.

To determine the amount of metal to be removed
from the electrode surface.

1. The technique of a large number of consecutive
pulses initiated with a given frequency and frequency at
a fixed charge-discharge circuit characteristics. Using
this method, the above physical and mathematical
model of metal dispersion process in water is
constructed.

2. The method of unit holes, which allows to
precisely determine and maintain the conditions of
interelectrode gap and parameters of electric discharge,
formed hole.

The method of unit holes for determining the
amount of electrode erosion is as follows. In real
conditions of electrode material dispersion at specified
energy and pulse duration, unit discharges are carried
out between the polished surfaces of the examined
materials (anode-cathode), leaving the corresponding
marks on the studied surface in the form of separate
holes. Then, microscopically, the electron raster system
of low vacuum REM-106 microphotographed the
surface of the hole and its cross-section. Pre-prepared
the grinding of the corresponding section.

Fig. 2 gives the typical microphotographs of the
holes (Fig. 2, a, b) and the corresponding transverse
profiles (Fig. 2, c, d), obtained on the steel 20 electrode.

Transverse profiles were photographed in 3-4 hole
sections. The studies were carried out with two values

of energy directed to electrodes: W =25-10"%J
(Fig.2,a,¢c) and W=50-102)  (Fig. 2, b, d),
corresponding to the discharge capacity C=20-10"°F
and voltage of U=71V and U=50 V.

The holes at the photographs are characterized by a
low depth and uneven bottom. The diameter of the holes
is 150...200 pm, the depth is 15...32 um. The holes are

framed by a fairly clear cushion width 5...10 um, its
height does not exceed 2...2.5 um.

The volume of the hole corresponding to the profile
obtained (it was assumed that the profile corresponds to
a semi-ellipsoid of rotation):

V =2095-R?-h, (9)
where R=D/2 — the radius of the equivalent area of
the horizontal cross-sectional image of the hole; h — the
depth of the hole at the level of the original surface.

The hole volume was also calculated using the
formula:

n
V=>)S; 8x;
i=1
where S; — the area of the hole’s i -cross-section, 6x; —
the distance between the sections.
The volume of metal removed from the unit pit at

W =(25..50)-1072J, calculated by formula (9) is
(0.250...0.695)-10cm?®, and the mass of the discarded

metal (steel 20) m = (1.90..5.29)-10°g . The difference

between the volumes calculated according to the
formulas (9) and (10) shall not exceed 20...30 %.

This can be explained by the fact that the hole
during the discharge does not have time to fully form.
The molten metal in the hole is affected by
hydrodynamic, electromagnetic forces, a spot pressure
at the bottom of the hole, etc. Metal discharge occurs
when these forces are combined when the internal bonds
of metal atoms are weakened by melting and
evaporation.

At the same time, not all phase-transformed metal is
discarded from the hole into the environment. At the
bottom of the holes there are characteristic protrusions
and flows of metal, having the appearance of islets of
irregular shape. This may be explained by the fact that
the electrical discharge in the process is not sufficiently
effective to emit all the particles of the molten and
evaporated metal.

In addition to the microirregularities on the surface
of the hole, it is necessary to note the presence of metal
droplets in the form of spherical formations surrounding
the hole. This is due to the fact that the metal that is
thrown from the hole and falls on the surface of the
electrode is welded to it in the form of drops. The
volume of metal in the form of spherical droplets
welded on the electrode surface is up to 15...20 % of
the volume of metal ejected from the hole.

(10)
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Figure 2 — Microphotographs of the holes (a, b) and their corresponding transverse profiles (c, d)

Conclusion

Presented physical and mathematical model and
experimental data confirm the dependence of the
magnitude and nature of the electric pulse erosion of the
material on the dispersion conditions.

This paper presents the results of an experimental
investigation of energy technology factors influence on
the dispersion of metal in an electroerosive reactor. A
mathematical model of the dependence of the process
productivity and specific energy expenditure has been
obtained. The results of an experimental investigation of
the discharge dimple on a microscope REM 106 for
steel electrodes are presented.

An analysis of the above results shows that the
general character of the discussed characteristics for
both materials is approximately identical, although there
are some peculiarities.

1. The dependence of the specific performance of
the coagulant m(f) and energy expenditure E(f) in the
frequency range 100...1000 Hz has a pseudo-linear
character. In the range of the indicated frequencies for
this type of reactor, the concentration of the coagulant
increases with increasing frequency and tends to
saturation. An increase in the discharge frequency above
800...1000 Hz leads to unstable operation of the reactor
due to sintering of the charge particles.

2. The dependence of m(Co) and E(Co) on the
discharge capacity shows acceptable values at
Co=10...20 pF, providing relatively low energy
expenditure with good product quality. At Co > 20 pF,
the specific component of coarse particles increases and
thus the content of metallic iron and aluminum

ISSN 2522-1892

in the resulting coagulant increases due to their
underoxidation.

3. The formation of a coagulant is also influenced by
the mass of the backfill (pellets, shavings, granules) of
the metal, the equivalent of which is the height of the
backfill layer H, which determines the static pressure of
the particles on each other and their mobility, which
determines the quality of contact between the granules
and the value of the ohmic resistance of the reactor at
the time of passage primary electrical impulse. At a low
filling elevation, it is observed a small number of
particles participating in the discharge, and a small mass
of the produced coagulant. With an increase in the
loading height, the number of contacts between the
filling elements increases, which leads to an increase in
the mass of the dispersed material, and, consequently, of
the coagulant. A further height increase of the charge
leads to a decrease in the output of the coagulant due to
an increase in pressure in the charge and a decrease in
their mobility (lower layers of the charge), which can
lead to a short circuit and a decrease in metal ejection.

The analysis of the given results shows that the
optimal height is 3...5 cm for the selected modes and
reactor geometry. This range can be expanded by
increasing the pulse energy, i.e. due to the growth of
capacitance, voltage and discharge frequency.

4. Influence of electrode area and power
consumption performance initially contributes to these
quantities proportional to the area increase. With an
increase in the active area of the electrodes over 50 cm?
for a given reactor, which leads to an increase in the
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total number of discharges and, consequently, to a
decrease in the energy of an individual discharge, the
amount of dispersed metal decreases. With large areas
of electrodes, it is necessary to increase the power
supplied to the reactor.

5. At low water flow rates through the reactor, less
than 200 I/hr, dispersion products are poorly removed,
and discharge gaps become silted up. With an increase
in the water consumption, there is a “gushing” of the
shavings (backfill) with a hydraulic flow, which reduces
the number of discharges. An increase in the mass of the

ISSN 2522-1892

reactor load and the input power expands the “stable”
range of the installation during the dispersion process.

Therefore, based on the analysis of the experimental
results there were obtained five significant factors:
current pulse frequency f, s, capacity of the working
(discharge) capacitor C, uF, metal layer height in the
electric discharge reactor H,cm, area of electrodes
S,em? and flow rate of water pumped through the
reactor V, I/h, which affect the productivity of the metal
dispersion process, i.e. by the amount of the obtained
coagulant.

REFERENCES

1. Mukheef, R. A. A.-H., Obayes, A. A., & Omran, Z. A. (2022). Study The Suitability of Water Quality For Agricultural Uses In Al-Diwaniyah
Governorate in Irag. Asian Journal of Water, Environment and Pollution, 19(1), 87-92. DOI: 10.3233/AJW220013.

2. Shapiro, J. S. (2022). Pollution Trends and US Environmental Policy: Lessons from the Past Half Century. Review of Environmental
Economics and Policy, 16(1), 42—61. DOI: 10.1086/718054.

3. Farias de Souza, P., Vieira, K. S., daSilvaLima, L., Azevedo Netto, A., de Freitas Delgado, J., Corréa, T. R., Baptista Neto, J. A.,
Gaylarde, C. C., & da Fonseca, E. M. (2021). Comparing the concentrations of heavy metals on two bivalve species in Santos Bay, Brazil: Subsidies
to understanding the assimilation dynamic of bivalve contaminants. Water environment research: a research publication of the Water Environment
Federation, 93(12), 3037-3048. DOI: 10.1002/wer.1655.

4. Bolshanina, S., Gurets, H., Balabuha, D., & Milyayeva, D. (2014). Ochyshhennja stichnyh vod gal’vanichnyh vyrobnyctv sorbcijnymy
metodamy [Sewage treatment by sorption methods in galvanic productions]. Ecological safety, 1/2014(17), 114-118. [in Ukrainian].

5. Patyal, V., Jaspal, D., & Khare, K. (2021). Materials in constructed wetlands for wastewater remediation: A review. Water environment
research: a research publication of the Water Environment Federation, 93(12), 2853-2872. DOI: 10.1002/wer.1648.

6. Mentzer, C., Drinkwater, M., & Pagilla, K. R. (2021). Investigation of direct waste-activated sludge dewatering benefits and costs in a water
resource recovery facility. Water environment research: a research publication of the Water Environment Federation, 93(12), 2998-3010. DOI:
10.1002/wer.1651.

7. Nester, A. A., Korchyk, N. M., & Baran, B. A. (2008). Stichni vody pidpryjemstv ta i’h ochyshhennja [Wastewater from enterprises and their
treatment]. Khmelnytsky: KhNU, 171. [in Ukrainian].

8. Pljacuk, L. D., & Mel’nyk, O. S. (2008). Analiz tehnologij ochystky gal’vanichnyh stokiv v Ukrai’ni [Analysis of galvanic wastewater
treatment technologies in Ukraine]. Visnyk SumDU. Serija Tehnichni nauky, 2, 116-120. [in Ukrainian].

9. Kulikova, D., & Kovrov, O. (2020). Udoskonalennja tehnologichnoi’ shemy ochystky stichnyh vod gal’vanichnyh cehiv pidpryjemstv
vugil’nogo mashynobuduvannja [Improving the technological procedure for the plating wastewater treatment of coal mechanical engineering
enterprises]. Ecological Safety and Balanced Use of Resources, 2(22), 96-107. [in Ukrainian].

10. Sposib ochyshhennja stichnyh vod elektroimpul 'snym metodom [Method of wastewater treatment by electropulse method] (UA Patent
55046 A). (17.03.2003). UA Patent. [in Ukrainian].

Kpyunna B. B., Bepemko I. M., Ky3nenosa H. B., Kneescbka B. JI.

EJIEKTPOIMITYJIbCHA EPO3Is EJIEKTPOJIB Y PIAKOMY CEPEJOBHUIII ITPU OUUIITEHHI T'AJIbBBAHIYHUX CTIYHUX BO/{

AKTYalbHOIO € Mpo0JieMa SKICHOTO OYHIIEHHS CTIYHMX BOJ rajbBaHIYHUX BUPOOHMYMX AUTHUIG. HalOiaplI BiIIOBIIHUM METOAOM OYHMIEHHS
CTIYHHX BOJ TaKOTO THUITY € eNeKTPOIMITYJIbCHHII METOJ.

B naniit crarTi nmpeacTaBieHi pe3yiabTaTH JOCTIHKEHHS 3aJIEKHOCTI NMPOIYKTHBHOCTI OCHOBHOTO TEXHOJIOTIYHOTO MpoLeCy (AMCIEpryBaHHS
MeTaly) BiJi €HEpreTHYHUX 1 TEXHOJIOTIYHHMX XapaKTEPUCTUK TeHepaTopa IMIYJbCIB 1 €JIEKTPOPO3PSIHOrO peakTopa. PesynbTaTH AOCIIHKEHHS
HEeoOXi/THI 11T BU3HAUSHHSI ONTHMAJIBHIX PEXKUMIB POOOTH Ta aleKBaTHOTO KOHCTPYIOBAHHS 00JIaIHAHHS JUISl OUMIIEHHS CTIYHUX BOJ TaJbBaHi THIX
BUPOOHMYMX AIJbHUILG aBialliiHOr0 BUPOOHHUIITBA.

Ipencrasieni Gi3uKo-MaTeMaTHIHA MOJETb 1 €KCIIEPUMEHTAIbHI JaHi MiATBEPKYIOTh 3alIeKHICTh KITBKOCTI 1 XapakTepy eleKTPOiMITyIbCHOL
epo3ii MaTepiaiy BiJj yMOB JIUCTIEpTyBaHHS.

TakuM 4YMHOM B POOOTI MPENCTABICHO DPE3YJIbTATH EKCIEPUMEHTAJIbHOrO JOCIIHKEHHS BIUIMBY E€HEPreTUYHO-TEXHOJOTIYHUX (pakTopiB Ha
JIUCTIEPTYBaHHS. METaJliB B €JIEKTPOepo3iiiHoMy peakTopi. OTpUMaHO MaTeMaTHYHY MOJENb 3aJeKHOCTI MPOIYKTHBHOCTI HpOLECy Ta MUTOMOI
BUTpaTH eHeprii. HaBeneHo pe3ynbTaTH eKCIepHMEHTAIBHOTO JOCITIIKEHHS pO3psiIHOil IyHKH Ha Mikpockori REM 106 mist craneBux enekTpoiB.

Ku1ro4oBi ciioBa: 00po0Oka CTIYHHUX BO, PO3PSIU IMITYJIbCY, AUCTIEPTYBAHHSI, €pO3is €IEKTPOIIB.

JITEPATYPA

1. Mukheef R. A. A.-H., Obayes A. A., Omran Z. A. Study The Suitability of Water Quality For Agricultural Uses In Al-Diwaniyah Governorate
in Irag. Asian Journal of Water, Environment and Pollution. 2022. Vol. 19(1). P. 87-92. DOI: 10.3233/AJW220013.

2. Shapiro J. S. Pollution Trends and US Environmental Policy: Lessons from the Past Half Century. Review of Environmental Economics and
Policy. 2022. Vol. 16(1). P. 42-61. DOI: 10.1086/718054.

3. Comparing the concentrations of heavy metals on two bivalve species in Santos Bay, Brazil: Subsidies to understanding the assimilation
dynamic of bivalve contaminants / Farias de Souza P. et al. Water environment research: a research publication of the Water Environment
Federation. 2021. VVol. 93(12). P. 3037-3048. DOI: 10.1002/wer.1655.

4. OunieHHst CTIYHUX BOJ TajbBaHIYHUX BHPOOHHITB copOuiiianmu wmerogamu / bBonpmanina C. B., T'ypeus I'. M., Bama6yxa JI. C.,
Minsiesa [1. B.. Exonociuna 6esnexa. 2014. Ne 1/2014(17). C. 114-118.

5. Patyal V., Jaspal D., Khare K. Materials in constructed wetlands for wastewater remediation: A review. Water environment research: a
research publication of the Water Environment Federation. 2021. VVol. 93(12). P. 2853-2872. DOI: 10.1002/wer.1648.

6. Mentzer C., Drinkwater M., Pagilla K. R. Investigation of direct waste-activated sludge dewatering benefits and costs in a water resource
recovery facility. Water environment research: a research publication of the Water Environment Federation. 2021. Vol. 93(12). P. 2998-3010. DOI:
10.1002/wer.1651.

7. Hectep A. A., Kopuuk H. M., Bapau b. A. Criuni Boay mignpueMcTB Ta iX ounmeHHs. XmensHunpkuii: XHY, 2008. 171 c.

8. IImsyx JI. 1., Memsauk O. C. AHali3 TeXHOIOTIH OYMCTKU rajbBaHIYHHUX CTOKIB B YkpaiHi. Bicnux CymJY. Cepin Texniuni nayxu. 2008.
Ne 2. C. 116-120.

9. Kynikosa /1. B., KoBpos O. C. Y10cKkoHaJIeHHSI TEXHOJOTIYHOI CXEMH OYHMCTKH CTIYHMX BOJ TajbBaHIYHHMX LEXiB MiANPHEMCTB BYTiIBHOTO
MalIMHOOYyBaHHA. Exonoeiuna 6e3nexa ma 36anancosane pecypcoxopucmysanns. 2020. Ne 2(22). C. 96-107.

10. Croci6 ouHIIeHHS CTIYHHX BOJ €IEKTPOIMITyIbCHUM MeTonoM: mat. 55046 A Yxpaina: MIIK: CO2F 1/46 (2006.01). Ne 200206503 8; 3asBi.
18.06.2002; omy6u1. 17.03.2003, Brom. Ne 3.

Scientific and technical journal «Technogenic and Ecological Safety», 11(1/2022) 47



