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The problem of the appearance of a relief on the surface of metals, which was modified by high-current
relativistic electron beams, is considered. The technological promise of this modification is shown. The possibility
of using the electrolytic-plasma treatment method for smoothing the emerging relief is experimentally investigated.
It is shown that electrolytic-plasma processing reduces the surface roughness several times without significantly
damaging the modified layer. The obtained results indicate the prospects of using surface modification by high-
current electron beams in combination with electrolytic-plasma processing.
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INTRODUCTION

The implementation of manufacturing techniques for
metal parts of complex shape is associated with the need
to attract efficient methods of finishing processing,
which must meet a number of requirements: operational
efficiency, the possibility of process automation, and the
elimination of anisotropy of residual stresses on the
surface. It should be noted that the manufacture of
products of complex shape by such methods as casting,
processing in the superplastic deformation mode, 3D
printing using electron-beam evaporation is associated
with the need for finishing processing. Particular
attention should be paid to products with a modified
surface layer, the thickness of which is from 1 um to
200 pm. For such products, the use of abrasive
processing methods is unacceptable due to the threat of
local thinning or complete elimination of the modified
layer. As the most obvious example, we can cite the
situation with the study of the possibility of using high-
current relativistic electron beams (HCEB) for surface
modification [1]. Despite the possibility of modifying
the surface layer to a depth of up to 200 um, the
disadvantage of this method is the pronounced surface
relief, which is unacceptable in a number of
technological applications. In this connection, it is
advisable to consider the possibility of using
electrolytic-plasma processing to reduce the surface
roughness of materials irradiated with HCEB.

EXPERIMENTAL SETUP

Stainless steel objects 12X18H10T were irradiated
at the accelerator NSC KIPT TEMP-A by electron
beams with the following parameters: particle energy
350 keV, beam current 2 kA, pulse front duration 5 ps.
The irradiation mode is a single pulse. After that, the
state of the surface of the various target regions was
studied. Studies of the surface profile were carried out
using a multifunctional device "Mikron-gamma".
Optical and scanning electron microscopy was carried
out using the METAM P-1 and JEOL-840 microscopes,
respectively. After the impact on the objects of
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investigation of the high-current electron beam, the
surfaces were subjected to electrolytic-plasma
processing. The treatment was carried out at the PER-
4M plant, which consists of a reservoir, immersion

system objects, power source, control systems,
measurement and data collection systems. The
electrolyte  was a solution (NH4):SOs with a

concentration of 30 g/l [2, 3]. The power source with an
output impedance of 0.18 Ohm has an open circuit
voltage of 280 V, and provides current to the object to
be treated up to 100 A. The source is equipped with a
short circuit protection. The control system provides the
set mode of operation of the installation, monitoring and
indication of the current parameters. The system of
measurement and data collection allows you to monitor
the voltage and current on the object, as well as the
temperature of the electrolyte in the processing area.
Voltage and current are measured with accuracy not
worse than 0.5 %, temperature — 1 %.

EXPERIMENTAL RESULTS AND
DISCUSSION

Irradiation of the targets with the above parameters
is accompanied by a complex of action mechanisms:
pulsed heating in a gradient field, remitting of the
surface layer, ablative release of matter from the surface
[4], the appearance of compression-voltage pulses that
form internal stresses [5], generation of bremsstrahlung
and etc. The consequence of such a complex of effects
is a variety of effects: grinding of grain of material, the
formation of internal stresses, redistribution of
elemental composition, the emergence of new phases.
This leads to a change macrocharacteristics:
microhardness, conductivity, plasticity [6], corrosion
resistance, etc. It is of interest for us to elucidate the
possibility of using electrolytic plasma treatment [7] to
remove surface irregularities on the surface of materials
that have been altered by the action of HCEB. In Fig. 1
shows an example of the microstructure of irradiated
targets from steel 12Kh18N10T. The right part of the
stainless steel sample (Fig. 1,b) was subjected to beam
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remitting, as a result of which it became finer-grained
and the character of the fracture became more fragile in
it, further the pores separating the modified layer from
the deep layers are visible. Also on the right side (see
Fig. 1,b), there are traces of the surface relief formed as
a result of the beam remitting.
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Fig. 1. Examples of the near-surface layer of
12Kh18N10T steel: unirradiated target region (a); the
irradiated portion of the target (b)

Surface layer subjected to electron-beam processing
in similar steels, for example, steel 45KhN2MFA has a
higher value of microhardness, which is 2...3 times
higher than the value in the initial material, which is
explained by martensitic transformations [8], and the
brittle fracture character is also evident (Fig. 2).

It can be seen that the modifying effect of the beam
manifests itself in various effects that alter the
properties of the near-surface layer, primarily in the
change in the state of grain boundaries.

This gives grounds for expecting different intensities
of substance removal from the surface processed by the
electrolyte-plasma method. At the same time, it is
known [6, 8] that the formation of a plasma cloud in
contact with the surface being treated is accompanied by
fluctuations in the current density and is manifested in
cavitation and thermal action on the surface. In this
respect, the surface treated with the HCEB is an
interesting object for studying the "review" of the
crystallization front of the substance melted by the
pulsed beam, that is, the PEP is expected to selectively
remove the least tightly bound segments the fragments
of crystallites and the porous crests that result from the
solidification of the ablation products.

As can be seen from Fig. 3 as a result of PEP from
the non-irradiated surface, techno-logical impurities are
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Fig. 2. The areas of the near-surface layer of stainless
steel 45KhN2MFA: the unirradiated target area (a); the
irradiated portion of the target (b)

Fig. 3. Surface of samples from steel 12Kh18N10T to
(a) and after (b) PEP

On the trained surface (Fig. 4), traces of the removal
of frozen droplets and irregularities that appeared as a
result of swelling, as well as the reverse condensation of
the evaporated material, are visible.

The PEP removes all types of contamination on the
surface of objects while opening pores that were present
in the material.
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Fig. 4. Surface of samples from steel 12Kh18N10T,
which were preliminarily irradiated with a high-current
beam, to (a) and after (b) PEP

The irradiated samples of stainless steel have a relief
in the form of a large wavy structure with long periodic
protrusions that are placed almost parallel within the
wavy structure. The PEP effectively removes these
protrusions and smoothest the sharp protruding edges of
the larger structures that have arisen as a result of the
recrystallization of the melt. As an example, Fig.5
shows the surface profiles of samples of steel
12Kh18N10T, which were preliminarily irradiated with
a high-current beam, to (a) and after (b) the PEP, the
processing time is 12 minutes.
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Fig. 5. The surface profiles of samples of steel
12Kh18N10T, which were previously irradiated with a
high-current beam, to a) and after b) PEP, the
processing time is 12 minutes

It is difficult to determine the precise values of the
roughness parameters for surfaces with highly
developed relief, since the standard techniques of 1SO
4287-2-84 [9] give clearly overestimated results and
cannot correctly describe the surface parameters [10].
The experiments on the PEP of stainless steel were
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carried out with an initial temperature of 60 °C with a
further increase to 72 °C. The average weight loss value
was 5x10° g-cm2-min.

CONCLUSIONS

The experiments on electrolyte-plasma processing of
previously irradiated high-current relativistic electron
beams of the 12Kh18N10T steel surface showed that
microroughness, droplets and other small surface
elements of the relief can be effectively removed. At the
same time, the undulating structure of the relief remains
practically unchanged, with the exception of smoothing
the sharp edges of the incrustations. In this connection,
one can expect that the PEP method will be effective,
for example, when polishing surfaces modified by other
methods, for example, by electroerosive surfacing [11].
It is also important to study the effect of PEP on the
elemental composition of the surface layer and its
mechanical properties.
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JIEKTPOJIMTHO-IIJIASMEHHOE CI'JIA’JKUBAHUE PEJIBE®A HA MUIIEHSAX, OBJIYYEHHBIX
CUJIBHOTOYHBIM PEJATUBUCTCKHAM 3JIEKTPOHHBIM ITYYKOM

P.U. Cmaposoitmos, A.B. Muzans, A.B. Mopo3, b.A. Masunun, C.E. /Joneu, B.B. /lumeuneuxo, 10.®. J/lonun,
A.T. Ilonomapes, B.T. Yeapos

Paccmorpena mnpoGnema BO3HHMKHOBEHHMs penbeda Ha IOBEPXHOCTSIX METAJUIOB, MOIM(UIIMPOBAHHBIX
CHJIbHOTOYHBIMH PEJISITUBUCTCKUMU 3JIEKTPOHHBIMM ITydkamH. [loka3aHa TeXHOJIOTHYECKas IEPCHEKTUBHOCTh
JaHHOH MoIudUKanuu. ODKCIIEPUMEHTAIBHO HCCIE0BaHa BO3MOXKHOCTh INPHMEHEHHsI METOJa JJIEKTPOIMTHO-
IIa3MEHHOH 00pabOTKH AU CTIaKMBAaHUS BO3HHKaroIero penbeda. Iloka3aHo, 4TO 3IEKTPONUTHO-ILIA3MEHHAS
00pab0oTKa CHIXKaeT UIEPOXOBATOCTh IIOBEPXHOCTH B HECKOJIBKO pa3 0e3 CyLIeCTBEHHOTO IOBPEKICHUA
MOAU(GUIHMPOBAHHOTO cJosl. IlomydeHHBIE pe3yibTaThl YKa3blBAIOT HAa MEPCIEKTUBHOCTh HCIOIB30BaHHS
MOAU(DHKALNK TOBEPXHOCTH CHJIBHOTOYHBIMH JJCKTPOHHBIMH IIyYKaMH B KOMOMHAIMH C 3JCKTPOJIHUTHO-
TUTa3MEHHON 00pabOTKOM.

EJEKTPOJITHO-IIVIASMOBE 3I'IAJIZKYBAHHA PEJIbE®Y HA MIIIEHAX, IO OITPOMIHEHI
HOTY! KHOCTPYMOBUM PEJATUBICTCBKUM EJJEKTPOHHUM ITYYKOM

P.I. Cmaposoiimos, A.B. Muzans, A.A. Mopo3, b.A. Ma3zinin, C.€. /loneys, B.B. /lumeunenxo, 10.®. Jlonin,
A.I. ITonomapywos, B.T. Yeapos

Po3risiHyTO Mpo0seMy BHHUKHEHHS pelbe(y Ha MOBEPXHSX METaNliB, 10 MOAU(IKOBaHI MOTYKHOCTPYMOBUM
PEIATHUBICTCHKAM  €JICKTPOHHHUM IIy4koM. [loka3aHa TEXHOJIOTIYHA TMEPCIEKTUBHICTh naHOi Moaudikalrii.
ExcneprMeHTanbHO JOCIIDKEHa MOMIIMBICTD 3aCTOCYBAaHHS METONY €JCKTPOJITHO-IUIa3MOBOI OOpOOKH IS
3rIapKyBaHHs penbedy. [TokazaHo, MO eIEKTPOIITHO-TIa3MOBa 00pOOKa 3HIDKYE MIOPCTKICTh IMOBEPXHI B KilbKa
pa3iB 0e3 ICTOTHOTO MOIITKOKEHHS Moan(ikoBaHOTO mapy. OTpUMaHi pe3ylbTaTH BKAa3YIOTh Ha MEPCIEKTUBHICTH
BUKOPUCTAaHHS MOAU(IKaIlii MOBEpXHI MOTYKHOCTPYMOBHUM €IIEKTPOHHAM ITYYKOM Yy KOMOIHAIIi 3 eJIeKTPOJIITHO-
TUTa3MOBOIO 0OPOOKOIO.
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