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INVESTIGATION OF COATINGS OBTAINED BY VACUUM-ARC DEPOSITION

Abstract. The paper presents the results of the application of the vacuum-arc spraying
method to obtain coatings on the structural material. Experiments were carried out on the
vacuum-arc accelerator VAA-1. The processing parameters were selected in order to achieve
the most effective result. The structure and physical and mechanical properties of the surface
layer of stainless steel after deposition of copper coatings have been studied by means of x-
ray spectral analysis, scanning electron microscopy and metallography. The presented results
are an intermediate stage in a series of experiments to obtain coatings by this method. It is
established that there is a decrease in the microhardness of the surface layer due to the for-
mation a coating of copper. There is also observed a sealing and smoothing of the surface of
the test sample, which should lead to improved performance properties of the material. In
addition, deposition by this method leads to good continuity and adhesion of the coating to

the substrate.
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Introduction

The actual problems of materials science
include the development of technologies for
improving surface properties of various
structures and products. One of the solutions to
the tasks may be coating by plasma spraying.

Plasma spraying is widely used in those
branches of industry and technology where nec-
essary to protect the machine parts and products
from intensive wear, corrosion, erosion, cavita-
tion, abrasion, heat, thermal shock [1]. Sputter-
ing is performed in vacuum equipment of the
type VAA-1. Vacuum-arc accelerators (VAA)
are widely used to change the structure of mate-
rials and for surface treatment of metals and al-
loys. By applying a protective layer on the
surface of materials using VAA can improve
their chemical composition and physical
properties [2].

Experimental setup

In this paper, experiments on the deposi-
tion were conducted on experimental installa-
tion VAA-1. The operation of pulsed vacuum-
arc accelerator (VAA-1) is not different from
that of classical coax, as in both cases; there is a
coaxial anode and cathode. The difference is
that in case of VAA, the plasma is formed as a
flow with radially symmetric current distribu-
tion, constricted on the surface of the cathode
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and is ejected in the interelectrode space due to
its own magnetic field. Figure 1 shows the
electrical scheme and the appearance of the
installationVAA-1.

The installation design provides for the
possibility of both continuous and pulsed mode
arc at a frequency of 0.5+100 Hz.The vacuum
system consists of forevacuum and diffusion
pump, which provides the ultimate pressure in a
vacuum of 10° Torr.The admission of the
working gas (argon or nitrogen) is carried out
using a needle leak valve with the possibility of
regulating the gas pressure in the range from
1,3x10°Pato4x10"Pa. Electrode design is a
complex system in which the spraying material
is cathode.

Tests have shown stable operation of
VAA when the voltage on the anode is above 50
V, and reaching the vacuum of 2-10Torr.The
operation of VAA has been tested at frequencies
of 2, 10 and 25 Hz and found that at 50 Hz was
achieved saturation [2].
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a) 1- burning electrode, 2-cathode,
3-holder, 4-anode, 5-power supply

Figure 1 — Electrical installation scheme of
VAA-1 (a), the appearance of
the installation VAA-1 (b)

Experiment details.

In the experiment, the samples of the test
material is loaded into the working chamber at a
residual air pressure of 1,33x10% Pa(1x10°
>Torr).After the gas inflow, electric arc evapora-
tor is powered and sets the arc mode. In order to
initiate the arc discharge the evaporator design
is provided an ignition electrode made of metal,
situated in the shell of insulating material (ce-
ramics), and located near the cathode. The igni-
tion of the arc discharge is ensured by transmis-
sion of the ignition pulse with amplitude ~ 10
kV.The film on the cathode under the current
action is evaporated and ionized in the area of
ignition.Operation of the evaporator based on
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the erosive destruction of the surface layer of
the cathode that provides stable combustion of a
vacuum-arc discharge between the cathode and
the anode [3]. In the experiment used pulsed
mode of arc burning and the current load of the
evaporator was regulated in steps from 5 to 75
A, where the arc voltage is not less than 20
V.The current density in the cathode spots
reaches values of 10°-10" A/cm? the energy
power from 10° to 10® W/cm?[4].

Results

The spray material is deposited on the
surface of the stainless steel samples.The
selected objects were subjected to all steps of
pre-treatment of their surfaces [3,5] and were
processed the same number of plasma pulses.
The gas pressure in the working chamber was
maintained about 10 Pa, the frequency of 5 Hz,
the voltage of 470 V, the processing time of 40
min, the cathode is copper.To determine the
range and efficiency of spraying samples of
stainless steel were placed on a holder and pro-
cessed simultaneously.

The chemical composition of the surface
layer of material was determined by X-ray spec-
troscopy on Pegasus 2000 (figures 2, 3 and 4,
respectively) of the samples before (Ne7) and
after applying a copper coating (Nel and Ne3).
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Figure 2— X-ray spectral analysis of the sam-
ple Ne7




X-ray spectral analysis was showed the ef-
ficiency of the spraying process, as so in chemi-
cal composition of the coating was found up to
71,47% copper (sample Nel) and 92,56% (sam-
ple Ne3) respectively. The difference of the
percentage content of copper in the samples is
explained by the position of the samples on the
holder.
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Figure 3 — X-ray spectral analysis of the
sample Nel

During the experiment sample Ne3 was
placed in the center, which increased the effi-
ciency of the results. In addition, it was found
the increase in carbon content from 2,09 to
16,76 % and a decrease in iron and chromium ~
7 and 10 times, respectively, which is evidence
of internal rearrangements of the structure.The
carbon apparently comes from the residual air or
as a result of erosion of Plexiglas, insulating the
electrodes of the accelerator.

The surface morphology (figure 5) and the
Vickers hardness of the copper coatings was
studied using scanning electron microscopy
(SEM) methods.

As can be seen from figure Ne5 the
influence of plasma energy density above 22
Jlcm? leads to a smoothing of the surface and
increase the continuity of coating at submicron
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Figure 4 — X-ray spectral analysis of the
sample Ne3

The results of microhardness measure-
ments on metallographic inverted reflected light
microscope "METAVAL", at F=300 N, t=10 s
(table) show that copper plating the surface
leads to its decrease, which agrees well with the
analysis of the chemical composition. Copper is
known to be a softer material than stainless steel
substrate.

Table —The measurement results of microhard-
ness of the samples

Sample Microhardness, HV
Ne7 275,1
Nel 255,3
No3 261,7

However, these readings of microhardness
of the surface is somewhat higher than for the
coaxial plasma accelerator CPA-30 received
recently.
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c)

Figure 5 —Surface microstructure of samples
a)Ne7, b)Nel and c)Ne3

Conclusions. Currently, great prospects
for development receive technology increases
the durability of structural materials and
products from them.Proposed in this paper the
method for surface modification of metallic ma-
terials using equipment of the type VAA-1 al-
lows to obtain metallic coatings on substrates of
structural steel with high performance and re-
quires low cost for production.

The change in the internal structure and
properties of the surface during plasma
treatment were investigated by x-ray spectral
analysis and electron microscopy was showed
the presence of copper (up to 71,47 % and
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92,56%) and increase in carbon percentage 8
times, accompanied by decrease in iron and
chromium ~ 7 and 10 times, respectively.This
effect may be caused by structural
rearrangements. The decrease in hardness of the
surface layer shows the efficiency of the
spraying process and the possibility of obtaining
coatings with high adhesion and continuity.

The results of experimental studies can be
applied in the development of vacuum techno-
logical installations and technologies for the
improvement of physical-mechanical properties
of materials.
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INVESTIGATION OF COATINGS OBTAINED BY VACUUM-ARC DEPOSITION

Abstract. The paper presents the results of the application of the vacuum-arc spraying meth-
od to obtain coatings on the structural material. Experiments were carried out on the vacuum-arc
accelerator VAA-1. The processing parameters were selected in order to achieve the most effective
result. The structure and physical and mechanical properties of the surface layer of stainless steel
after deposition of copper coatings have been studied by means of x-ray spectral analysis, scanning
electron microscopy and metallography. The presented results are an intermediate stage in a series
of experiments to obtain coatings by this method. It is established that there is a decrease in the mi-
crohardness of the surface layer due to the formation a coating of copper. There is also observed a
sealing and smoothing of the surface of the test sample, which should lead to improved performance
properties of the material. In addition, deposition by this method leads to good continuity and adhe-
sion of the coating to the substrate.
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HCCJEIOBAHHUE MMOKPBITUM, IOJTYYAEMBIX METOJIOM BAKYYMHO-
AYT'OBOI'O OCAKAEHUA

AnHoTanus. [IpuBeneHsl pe3ynapTaThl NIPUMEHEHHS METOAA BaKyyMHO-IYTOBOI'O HallbLIe-
HUS [ TIOJTy4EeHUs! IOKPBITHI Ha KOHCTPYKLIMOHHOM MaTepuaiie. DKCIEePUMEHTHI IIPOBOAUINCH Ha
BaKyyMHO-AyroBoM yckoputene BJIY-1. [Tapamerpsr 006paboTku Obutd mog00paHbl ¢ IENbIO J10-
CTHXKEHMSI MaKCUMaJIbHO 3()(eKTUBHOrO pe3yibTara. C HOMOIIBI0 METOAOB PEHTI€HOCTIEKTPAIbHO-
ro aHaJln3a, pacTPOBOM JIEKTPOHHON MUKPOCKONHMU U MeTayulorpauu HCCIeI0BaHbl CTPYKTYpa U
(bu3MKO-MEeXaHNYEeCKHE CBOMCTBA MOBEPXHOCTHOTO CJIOSI HEPKaBEIOIIEH CTalM MOCIe OCaXICHHS
MEOHBIX HOKpBITPIfI. HpeI[CTaBJ'IeHHI)IC PE3YIIBbTATHI SABJIAIOTCA ITPOMEKYTOYHBIM 3TAllOM CEPUHN DKC-
MEPUMEHTOB I10 MOJTYYEHHUIO MOKPHITUN JaHHBIM METOJIOM. Y CTAHOBJIEHO, UTO MPOUCXOANUT CHIKE-
HUE€ MHUKPOTBEP/IOCTH MOBEPXHOCTHOTO C€JI0S 3a cueT oO0pa3oBaHus MOKpbITUS Meau. Habmonaercs
TaKXe YIUIOTHEHHE U CIIIa)KMBAaHUE MTOBEPXHOCTU UCCIIEyeMOoro oopasiia, 4To J0JKHO MPUBOJAUTH
K YJIYYILIEHHUIO SKCILTyaTallMOHHBIX CBOMCTB MaTepuana. Kpome Toro, ocaxaeHue 3TUM criocoOoM
MPUBOAUT K XOPOILEH CIUIOMIHOCTH U aAr€3UU MOKPBITUS C MOJIOXKKOH.

KutoueBble cji0Ba: BaKyyMHO-IyrOBOW METO/JI,IUIa3MEHHOE HANbIJICHUE,METHOE MOKPBITHE,
OCaXXJIeHHE,CTIIa)KUBaHUE, MUKPOTBEPIOCTb.

AM. KykemoB, A. T. 'adayaauna, A.Y. Ampenosa, M. Myxamenpoickbi3bl, K. ®epmaxan
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BAKYYM/bI-JOFAJIBIK O AJICMEHAJIBIHFAH TYH/ABIPBIJIFAH
KABBIHABIJIAPIbI 3BEPTTEY

AHHOTALHS. KoHCTpyKIusIIbIK MaTepraKaObIHIbIIAPBIHATYYIIIIHBAKY YM/IbI-
JOFAJIBIKTO3aHAATY/AbIH SICIH KOJJAHBbUIFAH HOTHXKeNepikenTipuiredn. Okcrnepumentrep BJY-1
BaKyyM/IbI-IOFANIBIK YAETKIIITE XKYPTi3UireH. OHIey napaMerpiepi MaKCUMAaJIbl THIMA1I HOTHXKETe
KETy MaKcaThlH/Aa TAaHJAIBIHBINT aNblHFAaH. MpIC KaOBIHIBIHBI KOHIBIPFAaHHAH KEHiHTI TOT
OacrmalTelH O0MaTThiH OeTki KaOaThIHBIH  (U3MKA-MEXaHUKAIBIK KAaCHETTepl PEHTTEHIIK
CHEKTpaJbAbl TajAay, PAcTPibl SJEKTPOHABI MHUKPOCKOIMHUS >KOHE MeTajuiorpadus SIICTEpiHIH
KOMETIMEH 3epTTeNreH. YCHIHBUIFAH HOTWXKenep OyJl oIicHeH >KaObIHABIHBL ady OoMbIHIIA
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IKCIIEPUMEHTTED CEPHUSCHIHBIH apaiblK Ke3eHi Ooybin TaObutagel. MbIC >KaOBIHIBIHBIH Taiiia
OonyblHa OailTaHBICTBI O€TKI KaO0aThIHBIH MUKPOKATTHUIBIFBI TOMEHJCT ©3TepPreHl aHBIKTAJIIbI.
Conpaii-ak, 3epTTENiN OTBIPFaH YITiHIH OCETKi Ka0aThl THIFBI3JAIIFAHBl KOHE TETICTENreH1
Oaiikanaapl, OY1 MaTepHalIbl KaCUETTEPIH KakcapybiHa okenyi Thic. COHBIMEH Karap, OChI dIIiC
apKBLIBI TYH]IBIPY YKAKCHI TETICTEYTe KOHE JKAOBIH/IBI aTre3MsIChl Oap TOCEHII amyFa 00a bl

Tyiiin ce3mep: BaKyyMIbI-IOFaIBIK 9JICi, TUIA3MaJIBIK TO3aHAAy, MBIC AOBIHIbI, TYHIBIPY,
TETiCTeY, MUKPOKATTHUIBIK
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