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Influence of mechanical and electrical parameters on the energy
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The electroerosive dispersion method makes it possible to obtain ultradisperse powder directly from carbide

waste. In this work, the influence of the discharge energy, the composition of the alloy and liquid on the

energy consumption and productivity of processing by the method of electroerosive dispersion of WC−Co and

WC−TiC−Co hard alloys is studied. An empirical model is presented that describes the dependence of the

discharge frequency, process productivity, and specific energy consumption on the discharge energy, vibration stand

amplitude, and liquid properties. It is shown that, under certain conditions, the specific energy consumption for

processing 1 kg of WC−Co or WC−TiC−Co alloy can be reduced to 3.3−4.5 kW · h kWh.
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Introduction

Obtaining ultrafine-grained hard alloys WC−TiC−Co

and WC−Co with high hardness and wear resistance from

ultrafine powders is an urgent task [1–3]. A significant part

of hard alloys is produced from powders obtained as a result

of their processing [4]. Electroerosive dispersion (EED) is a

direct method of processing and obtaining ultrafine powders

without the use of dangerous and expensive reagents [5–12].
The method is based on the formation of particles under the

action of a spark discharge in a dielectric liquid. The surface

of the electrodes is heated to 104 K during spark discharge

which leads to melting and boiling of the starting material.

The melt and vapors are ejected into the interelectrode

gap, quickly (106−109 K/s) cooled, forming nanoscale and

ultrafine-grained particles suitable for the production of an

alloy of increased hardness [5]. The energy consumption

of the method is high, the productivity is small due to the

low discharge energy (< 1 J) and the presence of only two

electrodes. The use of special plants for EED, various liquids

and high-energy pulses (up to 6 J) increases productivity and
reduces energy consumption.

The purpose of this work is to study the effect of

discharge energy, voltage pulse frequency, fluid properties

on discharge frequency, performance, energy consumption

during EED of hard alloys WC−Co and WC−TiC−Co in a

special plant at high discharge energy (> 1 J).

1. Procedure

Samples of medium-grained hard alloys WC−8Co,

WC−16Co, WC−5TiC−10Co (5.25× 6.5× 20mm) man-

ufactured by KZTS were used as a feedstock for the EED.

EED was performed in a special plant [5] in six different

modes with an open-circuit voltage 80, 120, 165, 205,

250 and 300V. Voltage and current in discharges, pulse

duration, frequency of voltage pulses and current pulses

were calculated on the basis of volt-ampere characteristics,

which were measured using an analog-to-digital module.

Distilled water and transformer oil GC-1 were used. After

the EED, the electrodes were weighed on a Mettler

Toledo Ml-54 scale to determine the mass of the powders

obtained. The powders were dried at 600◦C in a vacuum

furnace. The morphology of the powder was studied using

a Tescan Vega scanning electron microscope.

2. Findings and discussion

The main part of the discharge energy is consumed for

heating the electrodes, dielectric liquid and its pyrolysis. All

this refers to the losses of [13]. A smaller part of the

energy is consumed for heating and melting the material

from which the particles are formed. The surface of

the craters formed in water (Fig. 1, a) and oil (Fig. 1, b)
consists of crystallized carbide remaining after removal of

the melt. According to the modern semi-empirical model

of the electric discharge machining (EDM) [14–17], the

powder production per discharge (PPD) depends on the

discharge energy (Ed). We assume that the production of

the powder per discharge depends on the efficiency of heat

transfer from the discharge channel to the crater material,

the thermophysical properties of the eroded alloys and

energy losses during dielectric breakdown (Ec). Assuming

that erosion at low discharge energy (Ed ≤ Ec) is zero
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Figure 1. Crater after spark discharge in water (a) and oil (b) on the surface of the anode WC−5TiC−10Co. Morphology of powders

obtained by the EED of alloy WC−5TiC−10Co in water with an average discharge energy of 0.34 (c), 1.52 J (d).

(PPD≈ 0), PPD can be represented as a linear dependence

on the discharge energy:

PPD =
η(Ed − Ec)

Lν + c p(Tm − T0)
, (1)

where T0 = 293K — initial temperature. The remaining

thermophysical parameters are presented in the following

table. Specific energy consumption (SEC) is equal to

SEC =
Ed

PPD
. (2)

Each voltage pulse results in the formation of a chain

of discharges in case of EED in the bulk layer. Then the

performance (PPR) is equal to

PPR = FI n PPD, (3)

where FI — frequency of current pulses, n = 2 — number

of digits. The discharge energy is calculated as follows:

Ed =

tI
∫

0

U
n

Idt, (4)

where U — discharge voltage, I — current, t — time.

The produced powders consist of spherical particles and

agglomerates of nanoscale particles (Fig. 1, c, d). Spherical

particles formed by the crystallization of the liquid phase

consist of ultrafine carbides with cobalt layers. Agglomer-

ates of nanoparticles are formed by crystallization of the

vapor phase [5,7].
Since spherical particles are formed during the melting

of the carbide skeleton, the melting temperature of the
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Thermophysical properties of the alloys used and process parameters EED

Parameter
Alloy

WC−8Co WC−15Co WC−5TiC−10Co

Specific heat capacity (c p), J/(g·K) 201 218 239

Melting point (Tm), K 3143 3143 3373

Latent heat of melting (Lν), J/g 430 418 424

Energy for heating and melting (Lν + c p(Tm−T0)), J/g 1009 1094 1166

Parameter a in equation (7)
Water 0.009 0.007 0.010

Oil 0.014 0.016 0.0035

Efficiency (η), %
Water 7.4 7.3 8.7

Oil 7.4 6.8 9.7

Dielectric strength (DS), kV/mm
Water 0.4

Oil 2.2

Minimum specific energy consumption SEC, kW·h
Water 3.9 4.1 3.7

Oil 3.4 4.5 3.3
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Figure 2. Dependences of powder production per discharge (PPD) (a–c) and specific energy consumption (d–f ) on the discharge energy

of alloys WC−8Co (a, d), WC−15Co (b, e) and WC−5TiC−Co (c, f ).
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Figure 3. The distance between the stationary and loose electrodes from time (a), the dependence of the frequency of current pulses

on the amplitude of the shaker (b) and on the frequency of voltage pulses (c), the dependence of the calculated pulse frequency (d)
and performance (PPR) (e) on the experimental values.

raw alloy is considered equal to the melting tempera-

ture WC for the alloys WC−Co and (Ti,W)C for the alloy

WC−TiC−Co.

The performance of the powder per discharge during

EED of the studied alloys increases linearly with an increase

of the discharge energy to 5 J (Fig. 2, a–c) according to

the model (1). The increase of the production of the

powder per discharge continues after the increase of the

discharge energy above 2 J in contrast to EDM, due to

the discharge power (15−40 kW), several times higher

than the discharge power in case of EDM [14–17]. The
process efficiency (7−10%) (see table) is higher than in

case of EDM due to the high power. The dependence of

specific energy consumption on the discharge energy based

on the equations (1) and (2) is changed to a hyperbola

(Fig. 2, d–f ). Specific energy consumption decreases with a

decrease of discharge energy due to a decrease of relative

energy losses at the initial stage of discharge.

The production of the powder per discharge in oil and

water is comparable. The minimum productivity and

efficiency of the process are observed in case of EED of

the alloy WC−15Co, maximum values are observed in case

of the erosion of the alloy WC−5TiC−10Co (see table).
The productivity and process efficiency increase and specific

energy consumption decreases with an increase of the

concentration of WC or (Ti,W)C, which prevent heat

removal from the surface of the electrodes due to lower

thermal conductivity.

The frequency of the current pulses is less than the

frequency of the voltage pulses supplied by the generator,

since part of the time the free electrode is located at a

distance from the fixed electrodes. The electrodes are

displaced as a result of the operation of the shaker, which is

necessary to clear the gap from the formed particles, prevent

any short circuit and weld the electrodes to each other. The

vibrating screen performs harmonic oscillations described

by a cosine (Fig. 3, a). Discharges occur only when the

distance between the fixed and free electrodes is less than

the breakdown gap (h):

Ash
cos(ωt + 1)

2
< h. (5)

The size of the breakdown gap depends on the voltage

between the electrodes (U0/n) and the dielectric strength

(DS) of the liquid:

h =
U0

DS n
. (6)
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The frequency of the current pulses is reduced due to

the discarding of the loose electrode from the fixed ones

by the shock wave generated by the spark discharge. It

needs time Tr for returning that depends on the distance

of displacement of the electrode. The distance depends on

the kinetic energy of the impact wave, for the formation

of which a certain part of the energy of the discharge was

consumed. The return time is proportional to the discharge

energy in first approximation:

Tr = aEd, (7)

where a is a constant depending on the fraction of the

discharge energy spent on the formation of the shock

wave, rheological properties of the liquid, mass, density

and geometric parameters of the pieces. Summing up

the equations (5)−(7), we obtain the dependence of the

frequency of current pulses on the frequency of voltage

pulses:

FI =



























1
1

FU
+ Tr

(

1−
arccos

(

2h
Ash

− 1
)

π

)

, Ash > h,

1
1

FU
+ Tr

, Ash ≤ h.

(8)

Derived equations (5) and (7) describe in detail the

dependence of the pulse frequency on the amplitude of the

shaker (Fig. 3, b) and the frequency of the supplied pulses

(Fig. 3, c). The values of dielectric strength for all liquids

obtained by fitting turned out to be an order of magnitude

lower than the reference ones. This is probably due to

contamination of the liquid by the formed particles and

pyrolysis products. As expected, transformer oil has a high

dielectric strength, and water has a low dielectric strength.

An increase of the pulse energy leads to a decrease of the

frequency of current pulses in all liquids. The resulting

model (8) correctly details the frequency of current pulses

in a plant with different discharge energies, liquids and

amplitudes (Fig. 3, d). EED performance values calculated

using the proposed model (1), (3), (8), correlate with

experimental values obtained at different discharge energies

for oil and water (Fig. 3, e). Maximum performance under

experimental conditions is achieved in oil due to high

efficiency and increased pulse frequency of the current.

Conclusion

The paper establishes the main dependences of produc-

tivity and specific energy consumption for the production

of powder by electroerosive dispersion of hard alloys

WC−8Co, WC−15−Co and WC−5TiC−10Co in a special

plant. The produced powders consist of spherical particles

obtained by crystallization of the liquid phase and agglom-

erates of nanoscale particles produced by crystallization of

the vapor phase. The performance of the process depends

on the mass of the powder obtained in one discharge and

on the frequency of discharges. Productivity per discharge

increases linearly with the increase of the discharge energy,

and specific energy consumption decreases and tends to

a constant value (3.3−4.5 (kW · h)/kg), equal to the ratio

of the energy required for heating and melting the eroded

material to heat transfer. The heat transfer efficiency

(6.8−9.7%) depends on the carbide content and the proper-

ties of the liquid. An increase of the amplitude of the shaker

reduces the discharge frequency by increasing the time the

electrode is located at a distance when a breakdown is

impossible. With an increase of the discharge energy, the

discharge frequency decreases due to the ejection of the

electrodes by shock waves that occur during the passage of

the discharges. The return time depends on the rheological

properties of the liquid used and the discharge energy.
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[2] M. Tarraste, J. Kübarsepp, A. Mere, K. Juhani, M. Kolnes,

M. Viljus. Solid State Phenomena, 320, 176 (2021).
[3] Y.I. Gordeev, V.B. Yasinski, A.S. Binchurov, N.E. Anistratenko,

I.V. Nikolaenko. Key Eng. Mater., 769, 134 (2018).
[4] P.K. Katiyar, N.S. Randhawa. Intern. J. Refractory Metals and

Hard Materials, 90, 105251 (2020).
[5] M.I. Dvornik, E.A. Mikhailenko, S.V. Nikolenko. Powder

Technol., 383, 175 (2021).
DOI: 10.1016/j.powtec.2021.01.048

[6] M.R. Shabgard, F. Kabirinia. Mater. Manufactur. Processes,

29 (10), 1269 (2014). DOI: 10.1080/10426914.2013.852207
[7] M. Dvornik, E.A. Mikhailenko. Solid State Phenomena, 312,

297 (2020).
[8] Y. Liu, X. Li, Y. Li, J. Chen, W. Zhao, F. Bai. Adv. Powder

Technol., 27 (6), 2399 (2016). DOI: 10.1016/j.apt.2016.08.016
[9] J.L. Walter. Powder Metallurgy, 31 (4), 267 (1988).

[10] F. Kabirinia, M. Shabgard, N.S. Tabrizi. Appl. Phys. A,

125 (9), 610 (2019).
[11] M. Kunieda, B. Lauwers, K.P. Rajurkar, B. Schumacher. CIRP

Annals, 54 (2), 64 (2005).
[12] E.V. Ageeva, E.V. Ageev, A.E. Gvozdev, A.A. Kalinin.

Chebyshevskij sbornik, 23 (1(82)), 183 (2022).
[13] K. Salonitis, A. Stournaras, P. Stavropoulos, G. Chryssolouris.

Intern. J. Adv. Manufactur. Technol., 40 (3−4), 316 (2009).
[14] N. Ben Salah, F. Ghanem, K. Ben Atig. Intern. J. Ma-

chine Tools & Manufacture, 46 (7−8), 908 (2006).
DOI: 10.1016/j.ijmachtools.2005.04.022

Technical Physics, 2023, Vol. 68, No. 10



Influence of mechanical and electrical parameters on the energy efficiency of powder production by... 1403

[15] T.T. Hong, N.H. Linh, B.T. Danh, L.H. Ky, V.T. Lien,

T.N. Giang, V.N. Pi, D.T. Tam. Mater. Sci. Forum, 1018, 91

(2021). DOI: 10.4028/www.scientific.net/MSF.1018.91

[16] B. Xie, Z.L. Wang, Y.K. Wang, J.Z. Cui. Key Eng. Mater.,

455, 345 (2011).
[17] I. Kornev, F. Saprykin, G. Lobanova, V. Ushakov, S. Preis. J.

Electrostat., 96, 111 (2018). DOI: 10.1016/j.elstat.2018.10.008

Translated by Ego Translating

Technical Physics, 2023, Vol. 68, No. 10


