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Abstract: The results of experimental investigations and
their analysis concerning the formation of oxiddligles
by applying electrical discharges in impulse arespnted
in this article. It is demonstrated that the oxiolat

processes take place not only on the processe® pie%f

surface, but on that of the electrode-tool as veefhct that
produce its passive state. To respect the techizalog
regime of processing the electrode-tool surfaciigected
to the process of clearing or continuous renovation
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1. INTRODUCTION

The formation of oxide pellicles on the active

Pavel, paveltopala@yaiom

the interstice at a requested discharge; U, | are
respectively the voltage in the interstice and the
tension of the discharging curremtis the duration of
the power impulse; A is the activity area; S is siee

the interstice; K is the coefficient of
proportionality that depends on the thermo-physical
properties of the processed material.

Thus, an oxide pellicle of a certain thicknessblista
and adherent to the surface of the metal it is nedde
compact, continuous and devoid of pores or cracks
may hinder to a certain extend the developmerntef t
corrosion process. The condition of pellicle
protection may be expressed by the value of the
expansion coefficient (Gutt & Gutt, 1992) that @sin

surfaces of pieces has been widely applied, itsaim(© the correlation between the volume of the oxide

being the increase of their resistance to corroaimh
the modification of electric conductibility propiers
for pieces in electronics and micro-electronicsc Ar
micro oxidation in electrolyte (Cernenco et al.919
Gavrilov, 2007, llii, S.M. et al, 2010), oxygenietj

and that of the metal:

Voxi de > 1

metal

(2)

plasma bombing (Kiseliov, 2005), etc are applied in2. THE METHODOL OGY OF

the formation of oxides on the surfaces of pieces

made of different materials. The method of forming

et al., 1989; Topala, 1993; Topala & Ojegov, 2008
Topala et al., 2009) attest the possibility of forgn
oxide and hydro-oxide pellicles in an amorphougesta
on metal surfaces.

The physical, chemical and mechanic properties o

the piece surface layer may play a very importala r
in the succession of corrosion phenomena.

The authors (Nemoshkalenko et al.,
demonstrated that the effective thickness
layers formed by applying electric discharges in
impulse may be determined with the help of thdiosla
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In whichE = IU (DI (t)dt is the energy emitted in
0

EXPERIMENTAL INVESTIGATIONS

In order to realize thexperimental investigations the
Quthors have used the generator impulses of anturre
induced from a voltage block at a high tension of
12kV and the current being of 0,3A, a laboratory
installation which provides the sample positioning,
Exation and rotation in the process of processuiit
rotation frequency adjustable within the limits
between (0...150)rot/min. The tool electrode that was
used was made of stainless steel in the form of a

1990) haveyjingrical bar rounded at the working edge as a
of thideox hemisphere. The cathode piece is a cylindrical bar

whit a 13mm diameter.

The anode tool electrode was made in the form of a
cylindrical bar with O06mm and its active edge is
rounded at the hemisphere. The piece was fixelgen t
tool machine while the tool electrode was placed in
its tool holder, thus the piece was connected ¢ th
generator of current as a cathode while the tool
electrode as an anode, their axes forming an asigle
90° (fig.1). When processing plane surfaces both th
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piece and the tool electrode were made under thAustralia), C45 by EN (in European Union), S45C by
form of a cylinder with a 10 mm diameter; they wereJIS (in Japan), OLC45 by STAS (in Romania),
placed in the device of the tool machine with theirSM45C by KS (in South Korea));

active surfaces being parallel while the electrical3) the alloy of titanium VT8 by GOST 19807-91 (in
discharges scanned the processed surface via tl@dS) (its ISO analogue is Ti-6Al-4Mo-0.5Zr-0.2Si).
migration of the plasma canal on these surfaces forhe measurement of the dimensions of the processed
one cycle of processing (fig.2). stripes is done in a continuous regime of procgssin
The following materials were used for the pairs ofin which the solitary zones of interaction of the
electrodes (tool-piece): plasma canal with the sample surfaces overlapped
1) the alloy of aluminum D16 by GOST 4784-97 (in one another, the overlapping coefficient being®&5
CIS) (its analogue is AlCuMgl by ISO); while the frequency of piece rotation is establishe
2) steel 45 by GOST 1050-88 (in CIS and China) (itsdepending on the frequency of electrical dischanges
analogues are: 1045 by AISI and AS (in USA andimpulse, taking into account the value of k.
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Fig. 1. The scheme of processing for experimentadstigations

At the mpulse
? generator

(310

)

Fig. 2. Fixation of samples at processing planéases

The width of the measured parts is presented foXJM600T.

different materials and technological regimes ofThe analysis of the morphology and chemical

processing in fig. 3-5 respectively: D16, steelaffl  composition of the processed samples was done with
VT8. The measurements of the dimensions of stripethe help of the electronic microscope of the type

on processed surfaces are done on the microscod&SCAN.
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Fig. 3. General view of the sample made of theyadtioaluminum D16 processed via electrical disckarig impulse under
different regimes (the condenser battery capacity €jual to 60QF = const, the frequency of impulses f is equd3diz
= const, the frequency of piece rotation n is eq@&0 rot/min =const):

1-U,=100V,S=15mm;2-&+120V,S=1,5mm;

3-U;=140V,S=15mm; 4 -4 160V, S=15mm;

5-U,=200V,S=20mm; 6 -4240V, S =2,0 mm;

7-U,=280V,S=20mm
(U - the charging voltage of the condenser batterth® distance between electrodes)

L A R A N |
521 8 7 6 B

Fig. 4. The general view of the sample made of gte@rocessed via electrical discharges in impursger different
regime (the condenser battery capacity C is equaD0 UF = const, the frequency of impulses f isaétp 15 Hz = const,
the frequency of piece rotation n is equal to 30mim = const):
1-U.=100V,S=15mm;2-& 120V, S=1,5 mm;
3-U,=140V,S=15mm;4-& 160V, S=1,5 mm;
5-U,=180V,S=1,5mm; 6 -4& 200V, S=2,0 mm;
7-U,=240V,S=20mm; 8-4&280V,S=2,0mm

(Uc - the charging voltage of the condenser batterth® distance between electrodes)
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Fig. 5. The general view of the sample made ofiititan VT8 processed via electrical discharges inulsg under different
regime (the condenser battery capacity C is equaD0 uF=const, the frequency of impulses f is Egua5 Hz = const,
the frequency of piece rotation n is equal to 30im = const):
1-U.=100V,S=15mm;2-& 120V, S=1,5 mm;
3-U,=140V,S=15mm;4-& 160V, S=1,5 mm;
5-U,=200V,S=2,0mm; 6-4&240V, S=2,0 mm;
7-U.,=280V,S=2,0mm

(U, - the charging voltage of the condenser batterth® distance between electrodes)

3. THE RESULTS OF EXPERIMENTAL to avoid the appearance of the liquid phase beaafuse
INVESTIGATIONSAND THEIR two reasons: it prevents the erosion process of the
ANALYSIS processed surface and the formation of cratershwhic

leads to an increase of the processed final surface

The above mentioned works (Topala et al., 1989roughness.

Topala, 1993; Topala & Ojegov, 2008; Topala et al.,This is followed by the presentation of experiménta
2009) have stated the sufficient conditions that ar investigations concerning the formation of oxide
necessary to process the surfaces so that no liquRellicles on the surfaces of pieces made of
phase should occur on their surfaces. It is nepgssaconstruction steels.



The investigation of the piece surfaces (fig. 6amd
of the electrode (fig. 6, b) allowed us to statat tine
latter is also subjected to oxidation.
The layer formed on the tool-electrode is
discontinuous with traces of melting and electric
erosion. The tool-electrode loses its properties of
electric conductibility, modifies its initial charger of
geometry and requires renovation or clearing the
active surface in the process of functioning. Beeau
- of these reasons it is necessary to make it of a
Fig. 6. General view of the surfaces of steel 45pas material resistant both to electro erosion and to
after processing with electrical discharges in ilepijthe oxidation.
parameters of processing regime: the charginggeltd  The study of surfaces processed under a regime of
the condenser battery.& 140 V; the capacity C = 6Q0F;  gxidation by applying electrical discharges in irggu
the distance between electrodes S = 1.5 mm; thal@p 54 theijr chemical analysis allowed us to staté tha
frequency f= 15 Hz; the duration of processing2 min): o0 is 5 considerable percentage of C, N, OnFe |
a) cathode piece; . T
b) anode tool them (_flg. 7). Out of these e_Iements F_e and C are
found in the processed material of the piece, waile

During the experiment the tool and the piece werénd N are implanted in the piece material from the

made of the same material to prevent the trandfer gvorking medium (air).
the tool material to that of the piece.

-
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Fig. 7. The spectrogram of the cathode piece sainfaade of steel 45 processed by electrical diselsargimpulse (the
parameters of processing regime: the charging geltd the condenser battery140 V; the capacity C=60F; the
distance between electrodes S=1.5 mm; the imprésgiéncy f =15 Hz; the duration of processire min)

The spectrograms presented in fig. 7 attest aplasma canal with the processed metal surface.
abnormal dissolving of oxygen on the processedVe may also assert that when surfaces are processed
surface of the piece under conditions of electricaunder an oxidation regime by applying electrical
discharges in impulse. This effect may be explainedlischarges in impulse there is no significant
based on the diffusion phenomena that occur undeteterioration in the processed surface; there ne fi
these conditions and on the chemical reactions afinder micrometric irregularities (fig. 7).

short duration that occur at the interaction of theUnfortunately these analyses did not allow us atest
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the phase contents. Papers (Topala et al., 198! 1 4
Topala, 1993; Topala et al.,, 2009) deal with the |
formation of steel oxides and hydro-oxides in an
amorphous state that is later confirmed by €91
experiments in corrosion.

In order to check the resistance of samples (psecks
with oxide pellicles formed on the active surfage b 01

applying electrical discharges in impulse) to chehi o

500 4

corrosion an electrolyte was made of distilled wate ; »

and salt NaCl of 1% concentration at room e // o

temperature. The oxide pellicles were made througt “i8f] /’“

electrical discharges in impulse with the following '] e

parameters: 140V, C= 60QF, S=1,5mm, f=15Hz. 0 o aaer ™ 5 . —
The samples were fixed in a special device so the b2 ! t CRad ey
only one part in the form of a circle from the Fig. 9. Volt-ampere characterization of the electro
processed surface is subjected to dissolving. dies chemical corrosion process:

is included in the circuit of anodic dissolving as a — unprocessed surface; b — processed surface

anode. The trials were done under a regime when the

experimental installation functioned in continuouslf we take into account the previously obtained
power and the applied power was modified step byesults (Topala & Ojegov, 2008; Topala et al., 2009
step by 0.1 V. These trials helped to build thet-vol concerning the measuring of the surface active
ampere characterization of samples both with andesistance, we could conclude that the oxide layers

without oxidized surfaces (fig. 8). formed on the surfaces of samples are not totally
continuous; because of this their anodic dissolving
L mh process is more intensive than it was expected.
’ / / In order to determine the corrosion speed, 5 pirs
o samples unprocessed and processed under the same
1 / / conditions of anodic dissolving were subjected to
L trial. The measuring helped to complete tablesdl?an
L.=17 . . . . .
. dl 7 / The corrosion speed is determined by weighing the
/ / / ; samples before and after trial using the analytides
1 VL-200 with a precision of 18y.
L, =08 // The index of corrosion speed is determined (Alai et
‘ / al., 1979) through the relation (3):
g 0 +0,56 +10 5 TV Am
Fig. 8. Volt-amperic characterization of the coioos K =ﬁ ()
process in samples made of steel 45 in electrlyagery where
solution of 1% NacCl): . . N
1 — raw surface: K is the corrosion speed (mass indicator),dim
2 — processed surface Azis the area of the working surface of the sample,
m-;

If we compare the results presented in fig. 8, vay m tis the trial duration (working time), h;

notice that the anodic dissolving potential of theAmis the loss (or addition) of mass, g;

processed sample has increased by 6 times compared

to the one of unprocessed sample. Am = m-— (4)
When increasing the voltage applied between

electrodes the picture of anodic dissolving of pgeec where mis the initial mass of the sample, g;

subjected to trials is modified. For example, when mis the final mass of the sample, g.

voltage U=2V, the current in the circuit is 300m# f If we analyze the obtained results, we may stadé th
the unprocessed piece and 161mA for the sampléor processed samples the corrosion speed at dpplie
with oxide pellicles. voltage of 2 V is practically always twice as snasl
The volt-ampere characterization in fig. 9 showat th the one of the samples that is not processed by
the volt-ampere features of the unprocessed sampfexidation.

and of the one that was processed within the veltagWhen we take into account the fact the potential of
interval 1.5-2.5 V are practically parallel. This natural corrosion is dozens and hundreds of times
confirms the presence of an isolating pellicle ba t smaller than in the case of realized trials them th
surface of the processed sample that increases igfficiency of applying oxide pellicles will increas
active resistance. considerably.
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Thus, if we go back to fig. 8 we may state that forelectrodes d=10mm; electrolyte (watery solution 1%
voltage applied within the limits 0 and 0.4 V thése NaCl); processing time at each measuring level t =
no current in the circuit formed by the processed).5 h; sample material — steel 45; area of working
piece, so the corrosion speed will be zero whiteafo  surface (of contact with electrolyte) S = 50.24mm
unprocessed piece under the same conditions there The width of the oxide pellicle strip was measured
considerable current and the corrosion speed iwith the help of the computer METAM with the
significant. measurement scale: the measurement accuracy
Finally we may admit that the application of oxide +0,025 mm, the measured values (20 for each
pellicles on metal surfaces with electric discharge regime) were verified according to the criterion of
impulse is beneficial for the increase of theiriact Student at the trust interval appurtenance, and the
resistance and of the corrosion resistance. their average value was measured. The relative
The conditions under which the corrosion speed wasigression of results did not go beyond 2%. The
determined are as follows: anode — sample; voltageesults of experimental investigations are preskimte
between electrodes U=2V; distance betweertables 3 and 4.

Table 1. Speed of anodic dissolving of samplek witprocessed surfaces

No | Initial mass of the sampleing | Final mass of the sample,@ | Am, g | Corrosion speed K, g/t
1 12,8441 12,8237 -0,0204 812,10
2 13,1458 13,1254 -0,0204 812,10
3 13,3225 13,3025 -0,0200 796,17
4 14,0610 14,0417 -0,0193 768,31
5 13,0248 13,0031 -0,0217 863,85

Table 2. Speed of anodic dissolving of samples wxidized surfaces

No | Initial mass of the sample;m| Final mass of the sample,,g | Am, g | Corrosion speed K, g/t
g

1 12,8569 12,8441 -0,0128 509,55

2 13,1605 13,1458 -0,014y 585,19

3 13,3338 13,3225 -0,0118 449,84

4 14,0717 14,0610 -0,010¢ 425,95

5 13,0366 13,0248 -0,0118 469,74

Table 3. The dependence of the strip width on tlexgy emitted in the interstice

The energy The width of the oxide strip b, mm
emitted in the The sample material
interstice W&, J | "p16 [ Steel45 | VT8

2,29 2,15 2,45 4,75
2,72 2,5 2,85 5.2
3,15 2,85 3,2 5,55
3,58 3,15 3,6 6,1
4,01 3,4 3,95 6,45
4,52 3,6 4,15 6,85
5,27 3,9 4,4 7,2
6,58 4,45 4,9 7,5




Table 4. Experimental data
The condenser battery capacity — C = G60
Impulse frequency — f = 15 Hz

Piece rotation frequency — n = 30 rot/min
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The charging voltage The interstice size of The piece/electrode The average width
of the condenser battery the interstice material of the oxide strip
U,V S,mm b, mm
D16 2,15
100 15 Steel 45 2,45
VT8 4,75
D16 2,50
120 15 Steel 45 2,85
VT8 5,20
D16 2,85
140 15 Steel 45 3,20
VT8 5,55
D16 3,15
160 15 Steel 45 3,60
VT8 6,10
D16 3,40
180 15 Steel 45 3,95
VT8 6,45
D16 3,60
200 2 Steel 45 4,15
VT8 6,85
D16 3,90
240 2 Steel 45 4,40
VT8 7,20
D16 4,45
280 2 Steel 45 4,90
VT8 7,50
b, mm
8
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Fig. 10. The dependence of the oxidation strip kv the energy emitted in the interstice for thmgles executed in:
e — D16;m — steel 45.A — VT8

We can see in fig. 10 that the dependence of thenade of aluminum, titanium and, finally, steel. $te

width of the strip processed on the cathode pieceffects may be explained on the basis of propeofies

surface in terms of the energy emitted in the sties
presents an exponent for all processed materifiks. T avidity of their constituent elements in relatiom t
process is more intensive on the sample surfacesxygen.

electron emission by these materials and on the
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Table 5. The surface resistance of oxide pellifdesamples made of steel 45

Sample Surface resistance, x10
Experimental data Average value
0,88 0,72 1,46 0,71
0,97 1,52 0,68 0,72
Cathode 0,73 1,09 0,76 0,83 0,98
1,33 1,10 1,04 0,73
1,07 0,88 1,21 0,78
0,81 0,26 0,46 0,31
0,11 0,14 0,56 0,34
Anode 0,29 0,11 0,62 0,38 0,33
0,87 0,38 0,11 0,15
0,12 0,13 0,27 0,17

Using the analysis of results presented in t&hlere 4. Topala, P.; Ojegov, A. (2008)-ormation of
can state that in all the cases we have a sulatantioxide thin pellicles by means of electric dischargesin
increase of the surface resistance of electrodats thpulse. Annals of the Oradea University. Fascicle of
participated in the process of electrical discharge management and technological engineering, Vol. VII
impulse, but the active surface resistance of tiogla  (XVII), pp. 1824-1829, ISSN 1583-0691, CNCSIS
electrode is about three times lower than thathef t ,Clasa B+".

cathode. The latter observation may be explained b$. Topala, P.; Ojegov, A. (2008The protection of
the fact that a greater quantity of energy is exditin  interior cylindrical surfaces using oxide pellicles
the anode surface under the same conditions and tlobtained while applying electrical discharges in
vaporization processes are more intense; due $o thimpulse. Agrarian State University of Moldova.
the intensity of the process of oxide pellicle Science papers. Vol. 21. pp. 171-174, Chisinau
formation is slower. The results of experimental6. Topala, P.; Stoicev, P.; Ojegov, A. (2009).
investigations referring to the formation of oxide Experimental investigation on micro oxidation of
pellicles can be applied in microelectronics in thesurfaces by means of applying electrical discharges in
production of resistors, in the chemical industoy t impulse under ordinary conditions. Creativitate si
form passive surfaces on pieces functioning inManagment. Culegeri de luer stiintifice. Ediia XIlI-

corrosive media. a. Editura UTM, PP. 172-175, @iﬁlfiu
7. Topala, P. (1993).Research regarding the
4. CONCLUSIONS acquiring metal powder deposits layers with the

Judging by the above said we may conclude that; ~ aPplication of electrical discharges in impulse. The

— oxygen abnormal dissolving is attested on the metdiesume of the Ph.D. Theses. Bucharest, Polytechnic

surface of the piece in conditions of electricalYniversity, pp.32 .
discharges in impulse: 8. Topala, P.; Ghitlevichi, A.; Kornienko, L. (1989).

- . . . orrosive behavior of titanium with electro-sparking
. the active resistance o_f the metal piece Surfacérfaces. Protection of metals, Vol. 29, No.3, pp. 351-
increases by about 10mes; 356 Moscow

—oxide pellicles formed by means of electricalg syt s Gutt. Gh (1992).Chemistry  of
discharges in impulse allow a considerable increasgectrotechnical materials.  Course University
of the corrosion potential and decrease of thegiafan cel Mare” op. 304' Suceava 'Romania

corrosion speed; , ~10.Alai, S. et al. (1979).Practical studies in
—to make the tool-electrode function well it is machinery. Manual for teacher training institute
necessary to make it of rustproof material. students, pp. 67-70, Prosveshenie, Moscow
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