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LABORATORY INSTALLATION
FOR ELECTROLYTIC-PLASMA TREATMENT OF STEEL

Abstract. A laboratory installation for electrolytic-plasma treatment (EPT) of metals and alloys has been
created. A detailed description of the device and the operation of the installation are given. The laboratory tests of the
installation were carried out, the optimum modes of EPT steel were determined. The disadvantage of traditional heat
treatment — gas carburizing with subsequent hardening is the formation of hogging and internal cracks, as well as the
high labor intensity and energy intensity of the carburizing process itself. In connection with this, it is urgent to
search for alternative methods of chemical-thermal treatment. One of the promising methods is the electrolyte-
plasma hardening of the surface layer of the parts. Hardening of the surface layer of the part is achieved as a result of
cyclic, very rapid heating and cooling of the surface of the hardened sample in the plasma layer, which temperature
is from 6000 to 30,000 K., created between the liquid electrode (electrolyte) and the cathode surface (sample). Rapid
cooling (hardening) of the surface layer of the part takes place in the flow of electrolyte. In the process of thermal
influence, the surface layers of the metal are saturated with carbon from the ions of the plasma of calcined soda,
phase transformations of steel, which leads to local consolidation.

The high efficiency of the pilot plant is revealed - the energy costs and the duration of the chemical heat
treatment are sharply reduced, as well as the ecological clean method of hardening.

Key words: steel, tool, phase, structure, properties, electricity, plasma, electrolytic-plasma treatment.

Introduction. The three-cone bit is an especially important drilling tool that destroys the rock by
creating high contact stresses from axial force to the bit. For the manufacture of cutters it is used the
cemented, low-alloy heat-resistant steel 18 XH3MA-III, which contains: 0,16-0,18% C; 3.3% Ni; 0.9% Cr;
0.51% Mo; 0.44% Mn; 0.34% Si; 0.05% Al; and impurities, up to 0.008% S; 0.012% P; 0.015% N; 0.01%
0; 0.01% H. All these alloying elements provide high strength steel. At this, nickel simultaneously with
the increase in strength of steel contributes to the increase in its impact strength, and molybdenum - to
increase its heat resistance [1]. According to the drilling specifications, the details of this steel at
temperatures from -70 to +450 °C should produce at least 270 m of the well.

To ensure the required performance of the bit, taking into account the heavy shock loads and increa-
sed operating temperatures (up to 200 °C), under the conditions of production of Vostokmashzavod, JSC,
they are subjected to chemical-thermal treatment: gas carburizing at the temperature of 960 °C followed
by quenching at the temperature of 880 °C. The hardness of the surface layer of the parts reaches up to
58 ... 63 HRC. The hardness of the core is not more than 45 HRC. The disadvantage of such heat
treatment is the formation of warpage and internal cracks, as well as the high labor intensity and energy
intensity of the carburizing process itself.

Consequently, it is urgent to search for alternative methods of chemical-thermal treatment [2]. One of
the promising methods is the electrolytic-plasma hardening of the surface layer of the parts. However, in
Kazakhstan and in the near abroad, pilot-industrial or laboratory plants for electrolytic-plasma treatment
are not produced.

The aim of this work was the design and manufacture of a laboratory installation for electrolytic-
plasma treatment (EPT) of steel, the principal scheme of which is presented in Fig 1.
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The device and operating principle of the EPT installation. The EPT installation (Figure 1)
consists of a constant current source 1, a control panel 2, a clamping and mounting mechanism 3, a conical
nozzle 4 with an inserted stainless steel anode, a working bath 5 made of dielectric plexiglass, 4 liters in
volume [3]. A pump 6 with a regulated electrolyte supply operating in corrosive media was also used, and
a dielectric tank 7, 5 liters in volume. The electrolyte from the tank 7 is fed by the pump 6 to the cone
shaped nozzle 4 into which the anode of stainless steel 12X18HI10T is inserted [4]. When the electrolyte is
circulated, the bath is cooled to the required temperature (20+1 °C). The used electrolyte from the working
bath is fed back to the tank.
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Figure 1 — Scheme of the electrolytic-plasma treatment installation: 1 — constant current source; 2 — control panel; 3 — clamping
and mounting mechanism; 4 — Nozzle for electrolytic-plasma processing; 5 — working bath; 6 — pump; 7 — electrolyte tank

The test sample (part) serves as a cathode. It is installed on the mechanism of the clamp 3, which
allows to regulate the required depth of immersion of the cathode in the electrolyte [5].

Source of power. The discharge is ignited by a direct current source 1-MITH160 / 600-111, connected
to an industrial network (380 V, 50 Hz), with output parameters: voltage U=250 V, current I = 1 kA.
Semiconductor rectifier MUITH-160/600-111 consists of a three-phase power transformer with smooth
regulation of operating current (up to 600 A), rectifier block and ballasts [6]. The source provides a switch
for obtaining an open circuit voltage: 80, 120, 160 V. The power supply of the plasma arc has a steeply
falling external current-voltage characteristic [7]. The power source is controlled by the "Start" and "Stop"
buttons on the front panel, as well as by the remote control panel 2. A fuse is used to protect the control
circuits from short circuits [8]. Remote control panel allows to smoothly and accurately adjust the main
energy parameters of the plasma jet (electrical parameters, flow of plasma-forming and transporting
gases) [9].

Nozzle 4 (plasmatron) is a gas discharge device serving for electrolytic-plasma treatment. A nozzle
(anodic) node is joined to the cathode node through an electrical insulating unit. The negative terminal of
the DC source is connected to the sample (part) - the cathode, and the positive to the nozzle - to the anode
[10]. Between the poles, an arc arises that maintains the level of ionization.

The nozzle is the most important element of the EPT installation, the design of which depends on the
length of the arc, the stability of its combustion, and the speed and nature of the jet. The cone shape of the
nozzle leads to the increase in the arc voltage and the significant increase in the current density in the arc
column. The plasma jet is still compressed by a magnetic field created by the flux of charged particles in
the plasma itself. Compression of the plasma jet leads to the increase in its temperature. The heated
ionized gas stream is carried out at high speed from the nozzle as a bright, luminous plasma jet [11].

In the electrolytic-plasma treatment, depending on the conditions for the appearance of the electric
arc and the parameters of the plasma layer, as well as on the composition of the electrolyte and the number
of EPT cycles, the chemical and phase composition, the structure and properties of the surface layer of the
metal are changed [12].

Hardening of the surface layer of the part is achieved as a result of cyclic, very rapid heating and
cooling of the surface of the hardened sample in the plasma layer [13, 14], created between the liquid
electrode (electrolyte) and the cathode surface (sample). Rapid cooling (hardening) of the surface layer of
the part takes place in the flow of electrolyte.
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When conducting electrolytic-plasma treatment of parts on the installation, strict compliance with
safety requirements must be strictly observed: grounding, extraction, use of special clothing, protective
glasses and dielectric gloves [15].

Results of laboratory tests of the installation. The general view of the EPT installation is shown in
Figure 2. In laboratory tests, the electrolyte, a 10% aqueous solution of calcined soda, Na,COs, with
known values of viscosity and resistivity, was chosen as the working medium. This electrolyte does not
form toxic compounds during the electrolytic-plasma discharge. In the process of working with this
electrolyte, technological solutions were found that ensure the absence of emissions into the atmosphere
and high ecological parameters of the electrolytic-plasma treatment installation. In the future, a
particularly important search direction should be the choice of electrolytes, which allow saturating the
surface of products with special alloying clements [16].

Figure 2 — General view of the laboratory EPT installation

The method of carrying out experimental studies [17] of the effect of the electrolytic-plasma
treatment on the changes in the quality parameters of steel during its operation was as follows (Figure 3):
cathode 2 - the sample is immersed in the electrolyte to a depth of 4-6 mm. Anode 1, which has the shape
of a disk with a diameter of 50 mm and a thickness of 2 mm with drilled holes @4 mm, is made of
stainless steel [18]. Plasma 3 occurs between the cathode and the liquid electrolyte.
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Figure 3 — Electrolytic-plasma treatment of the sample
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When the electric potential is turned on, a rapid warm-up occurs, and when it is turned off, the
surface layer of the detail is cooled rapidly above the phase transformation temperature. Subsequent
repetitions of the heating and cooling cycle make it possible to carry out a mode of thermo-cyclic surface
treatment [19].

When a constant voltage is applied between two cathode electrodes (a hardened sample) and the
anode (electrolyte), a layer of plasma generated by electric discharges arises [20]. As a result, an intense
heating of the surface layer of the sample takes place. The current flowing through the plasma sheath can
provide heating of the active electrode from 100 °C up to the melting point of its material [21]. After the
power supply is turned off, the plasma is extinguished, which provides access to the heated product to the
electrolyte and its rapid cooling (hardening) [22]. The rate of hardening also increases due to the heat
removal in the massive substrate. To eliminate the melting of the surface, a pulsed heating mode has been
developed. Since the duration of a pulse with a voltage is limited by time, surface overheating with EPT
does not occur [23].

The tests of the installation made it possible to establish the optimal mode of the electrolytic-plasma
treatment of tool steel: voltage U=200 V, current [=10 A, processing time 4s, hardening 4s, total time 2
min. It is also possible to carry out clectroplating and plasma treatment of alloys based on non-ferrous
metals [24].

Conclusion. A laboratory installation for the electrolytic-plasma treatment (EPT) of metals and
alloys has been created. A detailed description of the device and operation of the installation is given [25].
The laboratory tests of the installation were carried out, the optimal modes of EPT steel were determined.
The high efficiency of the pilot plant operation is shown - the energy costs and the duration of the
chemical-thermal treatment are sharply reduced.
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E. Ko:xa', /I.Y. Cmaryaos’, I.E. Axmerona’, K.K. KomGaen®

'K. Y. Cot6aes aThIHIAFH KA3AK YITTHIK TEXHHKATBIK 36PTTEy YHHBEPCHTETI, Anvatsl, KasakcTan,
QI[‘ CepixOaes areraaars! Lbirpic Ka3akcTaH MEMIIEKETTIK TEXHHKABIK YHUBEPCUTETI, OckeMeH, Ka3zakcran

BOJIATTBI DJEKTPOJTATTI-ILIAZMAJBIK OHIEYTE APHAJIFAH
JABOPATOPHSAIBIK KOH/BIPTBI

AnHoTanus. Merangap MEH KOPBITHATAPIABI JICKTPOIMTTI-IUIA3MANbIK eHAeyre JI1O apHamraH maboparto-
PYSLIBIK KOHZBIPFBI jKacamFaH. KOHABIPFBI Ta0OPAaTOPUSUIBIK CHIHAKTAH OTKi3umim, OI1O THiMzai pekumaepi aHbIK-
TaFaH. OHIIPICTE KOIJAHBLIATHIH Ta3Abl LEMEHTAIMAIAY KOHEC OHBIH APTHIHAH IIBIKTHIPY SJICIHIH HETI3ri KeM-
nrimikrepi: OyiHbIMHBIH ()OPMACBIHBIH ©3I€pyi, YJIKEH iIIKi KEPHEYJepAiH maiaa OOdysl, COHbBIMEH Oipre aca YJIKEH
KHBIHBIFBI KOHE SHEPTETHKAJBIK IMIBIFBIHEI MOJI. COHIBIKTAH XHMHSA-TCPMUSUIBIK OHICYIH jkaHa oxicTepi Taly aca
akTyannl Oomsmm TabbL1agbl. OchIHAAN OoJamarsl 30p 9MICTEPAiH Oipi — MeTanabH OeTKi KaOaThIH 3ICKTPOJIMTTI-
IUTA3MANBIK 6HACY Ooubin TabbuIaasl. DO ke3inae OemmekTiH OeTKI KaOAaThIHBIH KATTHUIBIFBI MEH OEpIKTIri TeMIie-
parypacsi 6000-30 000K opraza mukaai Typae, 6Te Te3 KbI3AbIPY AbIH JKOHE T€3 CYBITY AbIH HOTIKECIHEC apTasibL

ToxxipuOemK KOHIBIPFBIHBIHBIH THIMILTIN >KOFAPBl CKEHAIrT KOPCETLITCH. ONEKTPOIHEPTUSIHBIH INBIFBIHBI
XHMHKO-TCPMISUIBIK OH/ICY YAKBITHI KBICKAPAIBL.

Tyiiin ce3aep: 6oaar, Kypan-caiimMaH, (a3a, KYpPbUIBICHL, KACHETTEPI, 3ICKTP TOFBL, IIA3Ma, 3JICKTPOJIUTTI-IIIa3-
MAJbIK OHIEY.

E. Ko:xxa', /. V. Cmarynos’, I. E. Axmerosa', K. K. KomGaes®
"Kasaxckuii HAHOHATBHBIH HCCIICI0BATEIBCKHII TEXHUUCCKHI yausepcuret uM. K. Carnaesa, Anmmarsr, Ka3zaxcra,
*BocToun0-KasaxcTaHCKuit rocy JapCTBEHHBIH TeXHIUeCKui yHuBepcutet um. JI. Cepuxbacsa,
VYcere-Kamenoropek, Kazaxcran

JABOPATOPHAS YCTAHOBKA JJIs JIEKTPOJIUTHO-ILTASMEHHOI OBPABOTKH CTAJIA

Annoranus. Co3raHanadopaTopHas YCTAHOBKA A AJICKTPOJIUTHO-ILIA3MEHHOH 00padoTku (JI10) MeTamios
U CIUTIaBOB. [IpuBeIcHO MOAPOOHOE OMUCAHUE YCTPOHCTBA B PadOTHI YCTAHOBKH. [IpOBEACHBI IAOOPATOPHBIC HCIIBI-

—— 23—
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TAHHS YCTAHOBKH, OTIPCICIICHBI ONTUMAaNbHbIC peskuMbl JI1O cramm. HenocTaTkoM TPaguHOHHOW TCPMHYCCKON
00paboTKH — ra30BOH HEMEHTALUK C IOCICAYIOMICH 3aKAIKON SBIETCA 00pa30BAHUE KOPOOJICHHSI M BHYTPCHHHX
TPEINHH, a TAKKE BBICOKAS TPYJOEMKOCTb H SHEPrOEMKOCTh CaMOTO IPOLECCa LIEMEHTAIMU. B CBA3U C 3TUM ak-
TYQJIbHBIM SIBISICTCA IOMCK AIbTCPHATHBHBIX METOJOB XHMHKO-TEPMHUYCCKOM 00paboTku. OgHHM H3 IEPCIHEK-
TUBHBIX METOJIOB SIBILIETCA 3JICKTPOIMTHO-INIA3MEHHOE YIIPOUYHCHHUE IIOBEPXHOCTHOTO CJIOA ACTaleH. YIpOUYHCHHE
MOBEPXHOCTHOTO CIIOS JCTAH AOCTHIACTCA B PE3YJIbTATe LUKIMYCCKOTO, OYECHb OBICTPOTO HAIPEBa M OXJIKICHUA
MOBEPXHOCTH YMPOUHAEMOro o0pasua B CJI0€ ILIa3MbI, TEMIEPATypa KOTOporo cocrasmier ot 6000 xo 30000 K.,
CO3aBACMOT0 MEXKIY >KHAKHM 3JICKTPOJOM (3JICKTPOJMTOM) H MOBEPXHOCTHEO Karoaa (oOpasew). beictpoe oxmask-
JCHHUE (33aKaJIKa) MMOBEPXHOCTHOTO CJIOS ACTANW NPOMCXOAMT B IIOTOKE 3JICKTPOIMTA. B mpoliecce TepMHUYECKOTO
BJIMSHUS TPOMCXOJUT HACHINCHHE NOBEPXHOCTHBIX CIOCB METalIa YIJIEPOAOM OT HOHOB IIAa3Mbl KAJIBIUHU-
POBaHHOI combl, (Pa30BbIC MPEBPALICHHS CTAJH, YTO IPHBOJUT K JTOKATBHOMY YIIPOUCHHIO.

Bruinens! BrICOKad 3(PEeKTHBHOCTS paOOTHI ONBITHON YCTAHOBKH — PE3KO COKPAIIAIOTCA 3aTPAThl 3ICKTPO-
SHEPIUH U ATUTEIBHOCTh XUMUKO-TEPMHYCCKOI 00PaOOTKH, a TAKKE IKONIOTHICCKHH YHCTHIA METO Y IPOYHEHHS.

KinoueBple cj10Ba: craib, HHCTPYMEHT, (ha3a, CTPYKTypa, CBOWCTBA, 3JCKTPUYECTBO, IIA3Ma, 3JICKTPOIUTHO-
IIa3MCHHAS 00paboTKa.
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