INVESTIGATION OF HELIUM PLASMA STREAM PARAMETERS
IN EXPERIMENTS ON SURFACE MODIFICATION

A.N. Bandura, O.V. Byrka, V.V. Chebotarev, LE. Garkusha, M.S. Ladygina,
A.K. Marchenko, V.I. Tereshin, S.A. Trubchaninov, A.V. Tsarenko

Institute of Plasma Physics, NSC Kharkov Institute of Physics and Technology,
Akademicheskaya St. 1, 61108 Kharkov, Ukraine

Processing of different constructional materials with pulsed plasma streams is one of prospective methods of
surface modification. The main objection of this study is adjustment of plasma treatment regimes for different materials
that allows achieving optimal thickness of modified layer with simultaneously minimal value of surface roughness.
With use of optical spectroscopy, detailed information about the basic plasma parameters — electron density, electron
and ion temperatures, plasma stream duration and velocity, was obtained. Integrated spectra of plasma radiation were
analyzed. The majority of helium and impurity spectral lines were investigated on a subject of Stark broadening. Plasma
pressure and energy density values measured with piezodetectors and calorimeters are in good agreement with plasma

parameters obtained by optical techniques.
PACS: 52.77.-j

INTRODUCTION

Surface modification of constructional steels, alloys
and hard magnetic materials by pulsed plasma flows is a
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Fig. 1. Experimental setup:

1, 4 - insulator, 2 - anode, 3 - cathode, 5 - vacuum
chamber, 6, 11 - lens, 7 - turning mirror, 8 - DFS-452, 9 -
vacuum valve, 10 - target, 12 - MDR-23,

13 — compact universal monochromator

promising  technique of improvement of the
microstructure and surface properties of materials for
number of applications in modern industry.
Metallographic analysis of different materials processed
with helium, oxygen and nitrogen plasma streams as well
as results of XRD, microhardness and wear resistance
tests for the sample surfaces after modification with
nitrogen and helium plasma are presented in [1].
Comparative results with helium and nitrogen plasmas
showed that two mechanisms, both thermal hardening and
formation of yn phase enriched with nitrogen (when
operating with nitrogen plasma), are approximately
equally responsible for improvement of wear resistance of
processed surfaces. As to the microhardness, it was
increased mainly due to high speed quenching and
maximal values were obtained with use of helium plasma.

This paper is focused on investigation of helium
plasma streams generated by pulsed plasma accelerator
(PPA) “Prosvet” [1] in experiments on surface
modification and adjustment of accelerator working
regimes for different gases used.

EXPERIMENTAL DEVICE

The PPA device consists of coaxial plasma
accelerator (with anode diameter of 14 ¢cm and cathode
diameter of 4 cm) and the vacuum chamber of 120 cm in
a length and 100 cm in a diameter. The power supply
system of the accelerator is a capacitor battery with the
stored energy of W=68 kJ. The experiments were carried
out with varying the discharge voltage in the range of 18-
25 kV, causing an increase in the peak values of discharge
current from 400 to 500 kA. The time duration of the
plasma stream generation is 3-6ps. Average specific
power is achieved 10 MW/cm?, energy density of the
plasma stream is varied in the range of 5-50 J/cm®. As
working gases nitrogen and helium were used. The
scheme of experiments is presented in fig.1.

Measurements of plasma stream pressure were
carried out with piezodetector. Energy density was
determined using thermocouple calorimeter. Complex of
optical diagnostics included diffractional spectrograph
DFS-452, monochromator MDR-23, compact universal
monochromators, photodiodes, photomultiplier tubes.

EXPERIMENTAL RESULTS

Examples of spatial distributions of both plasma
pressure and energy density are represented in fig.2,3 for
helium and nitrogen plasmas in regime with Ug=19 kV.
At the distance of 35 cm from accelerator output, where
the samples are typically installed in experiments on
surface modification, the plasma stream pressure is 10
and 12 bar, energy density value — 30 and 23 J/cm?® for
helium and nitrogen plasma accordingly.
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Plasma stream velocity was estimated by two
methods: photoelectric method using two compact
universal monochromators and by time-of-flight method.
Its value for this low-energy regime of accelerator is (1.5-
2)x107 cm/s for both gases.
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Fig.2. Plasma stream pressure vs. the distance from
accelerator output
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Fig.3. Plasma stream energy density vs. the distance
from accelerator output

Temporal distributions of helium and impurity spectral
lines, as well as continuum are presented in fig.4. Maximal
concentration of helium ions is observed at 10 ps after the
discharge beginning. For the same time moment the
luminescence intensity of neutral helium is minimal, but it
is increased for subsequent time moments (18-20 ps).
Experimental results indicate that with decreasing of
helium ions concentration for late moments of time the
impurity intensity is start to increase.

Plasma electron density was estimated from half-
widths of Hell 4686 A spectral line based on the
experimental and theoretical data [3] of the Stark
broadening values of Hell 3202E and 4686E spectral
lines in dependence on plasma electron density. The value
of electron density in plasma stream is calculated as (2-
2.5)x10'° cm™ with following formula:

N,=2.04x10"(4h,,) * em™

cm ", .
Under the plasma processing of steel samples the plasma
density near the target surface achieved (6-8)x10' cm?.
Shielding characteristics of plasma layer, which is
formed close to the target surface, are analyzed with
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calorimetry for different target materials. It is shown that
energy losses due to the shielding effect are not more than
20%.
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Fig. 4. Temporal distributions of the spectral lines

intensities for He I, He II, C II and continuum in a free

Plasma electron temperature measurements were carried
out by two methods: the Gunningham method [4] — using the
ratio of total intensities Hell/Hel spectral lines, and by the
ratio of helium spectral line to the continuum intensity in the
same range of wavelengths. In free plasma stream the
electron temperature value estimated for comparison by two
methods is equal to 8-10 eV and it value near to the target
surface is about 30-40 eV.

Plasma pulse duration was determined from
photodiode (fig.5a) and piezodetector (fig.5b) signals.
For He plasma it is ~ 4-6 ps and for N — 5 ps. Helium and
nitrogen plasma stream parameters obtained in result of
these experiments are summarized in the table.

He N
V, cm/s 1.2-1.5 x 107 1-1.2 x 107
P, bar 10 12
Ne 1.6 x10' 8 x 10"
E, eV 500 800
J, j/em’ 29 19

Fig.5. a) signals of photodiode and discharge current
(10 us/div); b) Signal of piezodetector (5 us/div)

SUMMARY

The results of these investigations can be summarized
as follows:
* Electron temperature in free plasma stream is
measured as 8-10 eV. Under the plasma stream
interaction with the target surface, thin plasma layer with
Te increased up to 30-40 eV is formed close to the target
surface.



* Variation of plasma electron density can be achieved
by changing of the valve pressure or assortment of the
working gas sort. The value of plasma electron density in
a free plasma stream is about (1.5-2)x10'® cm™. This
value is increased up to (6-8)x10'® cm™ in the vicinity of
the target.

* Shielding characteristics of plasma layer, which is
formed close to the target surface, are analyzed for
different target materials. It is shown that energy losses
due to the shielding effect are not more than 20%.

* Plasma pressure and energy density values measured
with piezodetectors and calorimeters are in good
agreement with plasma parameters obtained by optical
techniques.

* The obtained results are used in technological
applications of pulsed plasma streams for processing of

The work is supported in part by STCU grant # 881C.
REFERENCES

1. LLE. Garkusha, A.N. Bandura, A.M. Bovda et al. //Proc.
of the I International Congress on Radiation Physics, High
Current Electronics and Modification of Materials. 5"
Conference on Modification of Materials with Particle
Beams and Plasma Flows. Tomsk, Russia, 2000. p.299-302.

2. AM. Bovda et al.// 18" Int. Workshop on High
Performance Magn. and their Application, Annecy,
France, 2004.

3. T.L. Pittman, C. Fleurier // Phys. Rev. A 33. 1986,
p.1291

4. L.C. Johnson, E. Hinnov. Electron temperatures from
Hel intensity measurements // Phys. of Fluids. 1969, v.19,
Ne 9, p.1947-1949.

materials.

ACKNOWLEDGEMENTS

HNCCIIEJOBAHUS TAPAMETPOB I'EJIMEBBIX IIVTASMEHHBIX IIOTOKOB
B ODKCIIEPUMEHTAX 110 MOJAN®UKALIMU ITIOBEPXHOCTH

A.H. banoypa, O.B. bvipka, B.B. Yebomapes, H.E. I'apxywa, M.C. Jladvicuna,
A.K. Mapuenko, B.H. Tepewiun, C.A. Tpyouanunos, A.B. Llapenko

OmHAM W3 TEpCIEeKTUBHBIX METOZOB MOIM(HKAINK TOBEPXHOCTH SBISETCA 00paboTKa  pa3iIHyHBIX
KOHCTPYKIIMOHHBIX MaTEePUaOB UMITYJILCHBIMH IIa3MEHHBIMH ITIOTOKAaMH. | 1aBHAs 11e1b 3TOH paboThl — ONTUMHU3ALIH
PSXKHMOB IUIa3MEHHOH 0OpaOOTKM Ul pasiIMYHBIX MATEPUaJoOB, 4YTO OJHOBPEMEHHO II03BOJISICT JOCTHIATh
MaKCUMAJIBHOH TONIIMHE MOJH(ULIUPOBAHHOTO CJIOS W MHHHMAJIbHOH BEJIMYMHBI LIEPOXOBATOCTH HMOBEPXHOCTH.
JeranpHast nHdopManus 00 OCHOBHBIX IUIa3MEHHBIX MApaMeTpax — JJIEKTPOHHAs IUIOTHOCTh, JIEKTPOHHAS U MOHHAs
TEeMIIEPaTypBbl, JUINTEIBHOCTh T€HEPAIIMA M CKOPOCTH IIJIa3MEHHOT'O MOTOKA, ObUIa MOJy4eHa ¢ MOMOIIbI0 ONTHYECKOH
JUArHOCTHUKH. HpOaHaJ'II/BI/IpOBaHI)I HWHTETPAJIBHBIC CIIEKTPbl M3JIYUYCHHA ILJIa3MbI. bonpmMHCTBO TenueBBIX U
IIPUMECHBIX CIIEKTPalbHBIX JIMHUN HccnenoBaiuck Ha npeamer Illtapkosckoro ymupenus. Ilbe3omaryukamMu u
KaJIOPHMETPAaMH HW3MEpEHbl COOTBETCTBEHHO BEIIMYMHBI NABICHUS M IUIOTHOCTH SHEPIHMH IUIa3MBI, KOTOPBIE XOPOIIO
COIJIACYIOTCS € ITapaMeTPaMH IIa3MBl, OJyYEHHBIMH C IOMOILBIO ONITHYECKOH ANarHOCTHKY.

JOCIHLIKEHHSA ITAPAMETPIB I'EJIIEBUX ITJTASMOBHUX ITIOTOKIB
B EKCIEPUMEHTAX 3 MOJU®IKAIIII IOBEPXHI

A.M. Banoypa, O.B. bupka, B.B. Yebomapywoes, 1.€. I'apxywma, M.C. Jladuzina,
A.K. Mapuenxo, B.1. Teppowun, C.A. Tpyouaninos, O.B. Llapenko

OjiuH 3 NEepCleKTUBHUX METOAIB Mojudikaiii moBepxHi — e 00poOka pI3HMX KOHCTPYKLIHHIX MarepialiB
IMIYJIbCHAMH TUIa3MOBHUMH TIOTOKaMH. ['0JIOBHA IUJIb JOCIIIKCHBb € ONTUMI3allis PEKUMIB I1a3MOBOT 00pOOKH Pi3HUX
MaTepiamiB, IO OJHOYACHO IO3BOJISIE IOCATATH ONTHMAJIbHOI TOBIIMHH MOIU(IKOBAHOTO MIApy Ta MiHIMAaJIbHOI
BEJIMYMHH IIOPCTKOCTI MoBepxHi. JleranmpHa iH(pOpMamis Mpo OCHOBHI MapaMeTpu IUIa3MH — €JICKTPOHHA T'YCTHHA,
€JIEKTPOHHA Ta 10HHA TEMIIEPATypH, TPUBATICTh Ta MIBUAKICTH [UIA3MOBOTO MOTOKY, OyJia OTpHMaHa 3a JOMOMOTO0
ontu4HOi miarHOCTHKH. [IpoaHamnmizoBaHi iHTerpaibHi CHEKTPH BUIPOMIHIOBAHHS IDUIa3MH. BiNBINICTH Tei€BHX Ta
JIOMIIIKOBHUX CHEKTPaJbHUX JIiHIN nocmipKkyBanucs Ha npenmer llrtapkiBcbkoro posmmpeHHs. 11 e3onatunkamu Ta
KaJIOPIMETPAMHU BUMIPSHI BEITMYMHN THUCKY Ta TYCTHHU CHEPTii IUIa3MH, SKi JOOpE IMOTO/KYIOTHCS 3 IapaMeTpaMu
IUIa3MH, OTPUMAHHMHU 32 JIOIIOMOT'OF0 ONITHYHOT 1IarHOCTHKH.
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