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Study of the VAC of the EPCTT process with varying electrode parameters

Nowadays the treatment of machine parts, instruments is one of the actual topics in the modern world. One of
the modern processing method is chemical-thermal treatment of parts, in which there is an increase of
hardness in the surface part to increase wear resistance, while the core of the part remains in a ductile state for
resistance to shock loading. The solution to this problem could be the electrolytic plasma chemical-thermal
treatment of the parts. This method has a number of advantages over traditional methods, such as cost-
effectiveness and speed of processing. In the present work the influence of changes in technological
parameters on the volt-ampere characteristics of electrolyte-plasma chemical-thermal treatment unit is
presented. A solution of soda ash (Na,COs), urea (CH,N,O) in distilled water was used as an electrolyte.
According to the results of the study current-voltage diagrams were plotted by varying the diameter of the
anode (D=90; 110;130 mm) and the distance between the electrodes (L=50;70; 90 mm). According to the
analysis, in the voltage range of 180-220 V, with anode diameter D=110 mm and electrode spacing D=70
mm, a more stable vapor-gas envelope is formed. It was found that by changing the anode diameter,
respectively the ratio of active and passive electrodes we can significantly influence the formation of stable
vapor gas shell and establishment of the optimum mode of treatment of parts.

Keywords: electrolytic-plasma chemical-thermal treatment, volt-ampere characteristic, electrodes, vapor-gas
shell, anode.

Introduction

The problem of increasing the hardness and wear resistance of machine parts, tools and equipment is a
very urgent task in modern industry and mechanical engineering. The modern manufacturing industry has
many solutions to this issue. The physical and chemical state of the parts surface has a significant impact on
the equipment operability. The chemical-thermal treatment (CTT) is one of the actual solutions of this issue.
This process can produce a hardened layer on the surface of steel by diffusing the atoms of various chemical
elements into the atomic-crystalline lattice of iron by heating the steel parts in an environment enriched with
these elements. Surface hardness increases in the surficial part, while the core of the part remains in a ductile
state. The surface hardness provides increased wear resistance, while the ductile core provides resistance to
impact loading of the parts [1].

There are traditional methods of chemical-thermal treatment of steels such as detail treatment in a gas
environment, in a solid environment, etc. All of these methods are complicated by the fact that such
treatment takes a lot of time, energy resources and is difficult to perform.

Currently, another method of chemical heat treatment is electrolyte-plasma chemical heat treatment of
steels used in mechanical engineering. This method of part treatment is one of the effective methods that
allow improving the required physical and mechanical properties of parts in much less time, compared to
traditional chemical heat treatment processes, which require somewhat more time for processing [2].

During EPCTT, the area around the active electrode is heated by a current flowing through the
electrolyte, leading the electrolyte to a “boiling-evaporating” state, which contributes to the “gaseous
formation” process. Further heating of the gaseous state leads to the separation of free electrons from the
particles followed by the formation of positive ions with free electrons. The free electrons are current
conductors, and form a plasma layer on the surface of the cathode (detail) in the area of the “vapor-gas
shell” (VGS), where the conversion of electrical energy into heat occurs. The plasma layer appears as a glow
discharge, and can heat the steel to a temperature of up to 2000°C. [3, 4].
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As a result of the high temperature, the surface of the detail is saturated with evaporation elements from
the electrolyte in the VGS, due to thermal decomposition of components and electrochemical reactions on
the surface of the detail, through diffusion [5].

During EPCTT, the establishment of stable VGS depends on such parameters as the ratio of the areas of
the active and passive electrodes, shape, electrolyte parameters (composition, concentration, volume, flow
rate), and the distance between the electrodes [6].

The stability of VGS in the treatment process provides the system with a stable temperature and a
steady flow of the treatment process. The author's work [7] previously studied the behavior of the system
VAC during EPCTT of details. And there were distinguished zones of electrolyte boiling, VGS formation
zone, VGS steady state zone, etc. During the study of these works we concluded that the VAC has a direct
influence on the selection of the parts treatment mode. However, to date, in spite of the vast knowledge base,
this issue has not yet been fully explored.

In accordance with the above facts, the purpose of this research work is to study the change of VAC in
the EPCTT process with varying the technological parameters (anode size and distance between the anode
and cathode) of EPCTT.

Materials and methods

As samples for the test we chose steel 20X which is widely used in industry for the manufacture of parts
such as: bushings, gears, clutches, etc. which require high surface hardness and low core strength, parts
operating in conditions of frictional wear [8]. The chemical composition of steel 20X (according to GOST
4543-71 following: C (0.17-0.24 %), Si (0.17-0.37), Mn (0.35-0.65), S to 0.04, P to 0.04, Ni to 0.25, Cr to
0.25, Cuto 0.25, As to 0.08, Fe ~98.

Before the experiment, the surface of the samples cut from bars of steel 20X (size 2 X 2 X 1 cm3) were
polished on sandpaper with a grain size of P100 to P2000, followed by polishing with diamond paste size
0.25-0.5 microns and cleaned with ethanol.

Experimental works were carried out at the EPCTT unit assembled at Plasmascience LLP. Schematic
diagram of the EPCTT unit is shown in Figure 1, which consists of a direct current source (1), electrodes
(cathode (3) and anode (2)), an electrolyte bath (4), a valve (5) to control the electrolyte flow and a pump (6)
to circulate the electrolyte.
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Figure 1. Schematic diagram of the electrolyte-plasma chemical and thermal treatment unit.

The EPCTT unit consists of a power source in the form of a powerful rectifier, which gives a maximum
output value of 360V/100A in the form of direct current and electrodes (anode and active cathode). The
cathode is a detail, the anode is presented in the form of a round plate having a group of holes for uniform
distribution and passage of electrolyte (Fig. 2). The anode is located inside the electrolytic cell with a cover
in the form of a truncated cone (Fig. 2). The cone has an upper hole with diameter D=25 mm for uniform
feeding of electrolyte. Based on our previous studies [9], an aqueous solution (distilled water) of 10 % soda
ash (Na,COs) and 20 % carbamide (CH,N,O) (mass %) was used as an electrolyte, which is considered to
be more efficient and optimal for the formation of stable plasma.
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Figure 2. Schematic diagram of an electrolytic cell:
1 — thermocouple to measure the electrolyte temperature; 2 — cathode; 3 — anode;
4 — pump; 5 — bath with electrolyte

At the beginning of the experiment, the active electrode (cathode) was partially immersed in the
electrolyte by 1-2 mm and a thermocouple was placed nearby to measure the electrolyte temperature near the
active electrode. Then, voltages were applied to the electrodes from the constant power supply starting from
20 V up to 340 V, and the readings of amperemeter and voltmeter placed on the power supply were recorded.
Based on the results of the data obtained during the experiment, a graph of the VAC was plotted.

Results and Discussion

1. Research of the VAC at different values of the anode diameter.

For heating the active electrode (cathode) to the temperature of stable EPCTT process flow, we need to
choose the optimal size of the anode, contributing to the formation of stable VGS [10]. Table shows the
values of varying parameters in the estimation of the VAC of the EPCTT process.

Table
Values of the varying parameters in the estimation of the EPCTT process’'s VAC

Ne 1 2 3
DiameterD, mm 86 110 130
DistancelL, mm 50 70 90

Based on the results of the experiment, we plotted the volt-ampere characteristics of the electrolyte,
where we can observe the areas of voltage and current changes (Fig. 3).

The first region, the value of current changes proportional to the applied voltage (U=0-140V in Fig. 3)
In this region, we can observe that the electrode and electrolyte temperatures in this region are less than the
boiling point. As the voltage increases from 140 to 160V in the second region, we can observe an increase in
the current up to the maximum value. In this area the electrolyte temperature increases near the cathode with
the generation of vapor and the formation of a bubble layer. At the end of this region there is a sharp
decrease and oscillation of the current. This is possible due to the instability of the system and rapid boiling
of the electrolyte with the occurrence of separate current discharges. Rapid decrease of current value in this
area is explained by formation of VGS, and steep jump of resistance in the system cathode-VGS-electrolyte.
The third area at voltage values of 180-220V the current becomes constant, which forms a stable VGS
around the cathode. As the voltage increases further, an abnormal discharge is observed, which leads to a
rapid increase of current followed by an increase in temperature until the melting of the electrode [9, 11].

An important factor in EPCTT is the VGS area, we will observe the behavior of VGS by varying
parameters such as anode diameter and the distance between the electrodes.
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Figure 3: Graphic of volt-ampere characteristics as a function of anode size.

According to the presented Figure 3 at the anode diameter D=86 mm, we can observe on the section
180-200V the instability of VGS. We can assume that due to low value of current VGS is thinned, which is
accompanied by decrease of system resistance and electric discharges with splashing of electrolyte, which
cools the cathode, occur. Based on our observations, the vapor-gas shell becomes unstable, there appear
current surges and electrolyte splashing, which are also described in the works of the authors [10].

In the second case, at anode diameter D=110 mm, we observe in the area of VGS formation at voltages
of 180-200 V the stability of the system, which is explained by the steadiness of VGS.

The results of the experiment with the anode D=130 mm at a voltage range of 180-200V showed that
the VGS is stable, but the value of the current is high, due to which the sample is heated, causing partial
melting the surface of the sample part.

2. Study of the anode's VAC varied with the anode-cathode distance.
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Figure 4: Graph of volt-ampere characteristics as a function of the distance between the anode and cathode.

In Figure 4 we can observe the inversely proportional dependence between parameters of current
strength and distance between electrodes: in a zone of 140-160 V voltage at distance L=50 mm we see a
steep increase in current, and with increasing distance to L=90 mm we see a steep decrease in current
strength. According to the literature analysis we suppose that in the first case during boiling and bubbling of
bubble layer the cathode surface is bombarded with arc discharges of high energy due to short distance
between the electrodes and small resistance path which makes useful energy of the system very high which
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leads to strong discharge of system with the following burst of discharges. Strong discharges, in their turn,
constantly destabilize the system by disrupting the VGS.

Thereby, considering the system at values of L=90 mm due to the large distance between the electrodes,
the current passes a larger resistance path, and the system does not have enough energy for strong discharges,
which leads to a decrease in the current strength. Further we observe that with increasing voltage the energy
of the system increases, and at 200 V, there is enough energy to create and maintain VGS.

At the value of distance L=50 mm we observe in the voltage range of 180-200 V a stable area of VGS
formation, with the current parameter satisfying the requirements of VGS stability.

Also during the experimental work, when measuring the temperature of the electrolyte with a
thermocouple, we observed that the temperature changes linearly up to the value of 160V from room
temperature 24°C to 90°C boiling point of the electrolyte. According to the analysis of the VAC diagram of
the EPCTT process, the resistance value in the electrolyte decreases and the conductivity increases with
increasing temperature.

Conclusion

In the present work, we studied and investigated the VAC of the EPCTT process by changing the
diameter of the anode and the distance between the electrodes. Based on the analysis of the obtained results
we can make the following conclusions:

1. It was found that by changing the anode diameter and the ratio between the active and passive
electrodes respectively we can influence essentially to the formation of stable VGS and establishment of the
optimal mode of detail treatment.

2. It was revealed that decreasing the distance of active and passive electrodes leads to the growth of
useful energy, which contributes to the formation of stable VGS.

Therefore, by changing the above-mentioned parameters of the EPCTT unit we can select the optimal
mode for treatment and hardening of parts.
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DJleKTpOATAPABLIH MapaMeTpJiepid e3repTyain IIIXTO Tacininin
BAC-ka acepin 3eprTey

Kasipri enemzae MammHazap MeH KypaiiapAblH OeJIIeKTepiH OHIey 03eKTi TaKbIphIITapasH Oipi. Onneymin
3aMaHayW oficTepiHiH Oipi — OeJImeKTepAl XUMHUSUIBIK-TEPMUSIIBIK ©OHAEY, OHIAa TO3YyFa Te31MIUTIKTI
apTTBIpy YIIiH OeTki OejiKTe KATTBUIBIK >KOFapbUIaiibl, an OeiKTiH ©3eri COKKBl JKYKTEMECiHIH
TYPaKTBUIBIFBI YLIIH TYTKBIp KYHAe Kadaibl. byn MoceneHiH IIemimi peTiHAe 3JIEKTPOJIHTTIK-TIIa3MaibIK
XUMUSUIBIK-TEPMUSUIBIK, OHICYAl KapacTblpyFa Oomampl. OCBl 9IiC TOCTYpJll oficTepre Kaparanga Oipkartap
apTHIKIIBUIBIKTApFa ¥Me, MBICANBL YHEeMIUIK JKoHE OHJey IKbUIIaMIBIFBI OoibiHma. JKymsbicta
TEXHOJIOTHSUTBIK TTapaMeTpIIepliH ©3TepyiHiH 3SJNEKTPONUTTIK-IUIA3MAIBIK, XUMISUIBIK-TEPMUSUIBIK  OHIEY
KOHIBIPFBICHIHBIH BOJIBT-aMIIep CHITATTaMaJlapbIHA acepi KapacTHIPBUIFaH. DIEKTPOIHUT PETiHAE Ta3apThUIFaH
cyna kansrumitnenred coga (Na,COs), kapbamun (CH4N,O) epitinaici KonaaHbUIABL. 3epTTey HOTHXKENIepi
6oiipiama aHoatsiH guamerpi (D=90;110;130 MMm) *oHe 2JIeKTpoATap apachIHAArbl KambIKTHIK (1=50;70;90
MM) e3repreH Kes3lae TOKTBIH KepHeyre Toyenaimiri rpadukrepi caneinapl. Tammayra coiikec 180-220 B
KepHey apanbiFsiHaa d=110 MM B aHOIBIHBIH TuaMeTpi xkoHe D=70 MM snexTpoaTap apachblHIarbl KaIIbIKTHIK
Ke3iHAe HEFYpIbIM TYpakThl Oy-ra3 KaObIFbl mMaiima Oomambl. AHOINTHIH JWAMETPiH, COHKEciHIIe OenceHil
JKOHE TACCHBTI 3JIEKTPOATAPIBIH APAKAIIBIKTHIFBIH ©3TePTy apKbUIBI 013 TYpakThl Oy-Ta3 KaOBIFBIHBIH
TY3UIyiHe KoHe OelIeKTep/i eHJeyAiH OHTAIIbI PEeKUMIH OpHATyFa adTapibIKTail acep eTe aJaThIHBIMBI3
QHBIKTAJI/IBL.

Kinm co30ep: 37eKTPONUTTIK-IUIA3MANIbIK XUMHSJIBIK-TEPMUSUIBIK ~ OHIEY, BOJIBT-aMIIEp CHIIATTAMACHI,
3eKTpoATap, Oy-ra3 KaObIFbI, aHO/I.

b.K. Paxagunos, H.E. bepaimyparos, JI.I'. XKypepona, JI.b. basranoga,
HII.P. KypOan6ekos, 3.A. CarbaeBa

N3yuyenne BAX npouecca IIIXTO npu BapbupoOBaHUHU APaMETPOB 3JIEKTPOI0B

B coBpemenHOM Mupe 00paboTka jeranei MaIlWH, HHCTPYMEHTOB SIBISICTCSI OJHON M3 aKTyalbHBIX TEM.
OmHUM U3 COBPEMEHHBIX METOJOB OOpabOTKH SBISETCS XHMHKO-TepMUYecKas oOpaboTka aeraneil, mpu
KOTOPOi MPOUCXOINT TOBHIIICHHE TBEPJOCTH B IIOBEPXHOCTHON YACTH JUISl MOBBIILICHUSI H3HOCOCTOUKOCTH, a
CEepIIEBUHA JIETAIM OCTACTCSl B BS3KOM COCTOSHHMHU JUISl CTOMKOCTH IPH yAapHOH Harpyske. PerreHunem
JJAHHOH TPOOJIEMBI MOXKET 0Ka3aThCs NEKTPOJINTHO-TUIa3MEHHAsh XUMUKO-TepMHUYecKas 00paboTka neTanei.
JlanHsb1i cioco6 UMeeT psJ] IPEeUMYIECTB Mepe/ TPaIUIHOHHBIMHE COCO0AaMH, TAKUMH KaK IKOHOMHUYHOCTh
U ckopocTb 00paGoTku. B HacToseidl paboTe paccCMOTpPEHO BIMSHHUE H3MEHEHHH TEXHOJIOTHMYECKHX
MapaMeTpoB Ha BOJBT-aMIIEPHBIE XapaKTEPUCTHKH YCTAHOBKH HJIEKTPOIMTHO-IUIA3MEHHOW XUMHKO-
TepMHUIecKOi 00paboTku. B KadecTBe 3MEKTPONUTA HCIONB30BAIM PACTBOP KANBIIMHHUPOBAHHON COJBI
(Na2COs3), kapbamuna (CHaN20) B auctmimmpoBaHHOH Boje. ITo pesyibTaTaM HCCIIENOBaHHS ObUIN
MOCTPOCHBI TPAaQUKH 3aBUCHMOCTH TOKa OT HANpsDKEHMs, IPU BappHpOBaHUU qrameTpoM anoxaa (D=90; 110;
130 MM) m paccrosiHueM Mexay osiektpogamu (L=50; 70; 90 mwm). CoriacHoO aHanmu3y B HHTEpBaie
HanpspkeHus 180-220 B, nmpu nuamerpe anoga D=110 MM u paccrosHun Mexny snexkrpogamu D=70 mm
(dopmupyercst Goinee ycrolumBas HaporazoBas 000J0YKa. YCTAaHOBJIEHO, YTO, M3MEHAA [MaMETp aHOJa,
COOTBETCTBEHHO COOTHOIICHHE aKTUBHOT'O M TTACCHBHOTO 3JIEKTPOJIOB, MBI MOKEM CYIIECTBEHHO MOBJIUSTH Ha
obpazoBanne crabmipHOI [1I'O 1 ycTaHOBIIEHHE ONITHMANBEHOTO peKUMa 00pa0OTKH JeTaei.

Kniouesvie  cnoga:  SNEKTPONUTHO-TIIA3MEHHAs XUMHUKO-TepMHYecKas 00pabOTKa, BOIBT-aMIIepHas
XapaKTepPHCTHKA, YIIEKTPOJIBI, Tapora3oBasi 000I0IKa, aHOJ,.
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