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The problem of determination of the content of atomic nitrogen in glow discharge plasma in a nitrogen-argon
mixture is considered. The discharge in this mixture is widely applied in the technologies of metal's surfaces
modification and the atomic nitrogen is responsible for the efficiency of this technologies. Influence of mixture
composition on the rate constant of dissociation of molecular nitrogen, accountable for producing of atomic nitrogen is
determined by simulation way, and parameters of plasma — from an experiment, on the basis of measuring by double
probes. A function of distribution of electrons on energies was founded by numerically integrating the Boltzmann
equation. The last one was written in the binomial approaching for mixture of molecular nitrogen and argon. The
differences between proposed and fluid models are briefly discussed.
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1. INTRODUCTION

The energy efficiency criterion for the nitriding
process in glow discharge (GD) is proposed in paper [1].
There are presented also the results that allow determining
quantitatively the basic parameters of GD depending on
the pressure in this paper.

In recent years it became known that the atomic
nitrogen is main agent responsible for the efficiency of
nitriding the surface of metal products [2]. N,-Ar mixture
is the better of technological atmospheres in this
connection, where active dissociation of N, takes place
[3]. That is why the object of this study is optimization of
the nitriding process from the view point of percentage
composition of N,-Ar mixture as technological
atmosphere. GD plasma is sharply nonequilibrium and the
strict analysis of atomic nitrogen producing is a challenge.
Moreover, essential meaning have nonlocal effects in near
cathode GD area which are a subject of active research
during last years [4]. In turn, methods of direct
experimental definition of nitrogen atoms density N, in
plasma are difficult enough, as application of vacuum
spectroscopy methods [2] demands. Besides, they do not
allow predicting character of dependence N, from GD
parameters.

Influence of mixture composition on the rate constant
of dissociation of molecular nitrogen, accountable for
producing of atomic nitrogen is determined by simulation
way, and parameters of plasma — from an experiment, on
the basis of measuring with double probes. A function of
electrons distribution on energies is founded by numeral
integration of Boltzmann equation. The last one was
written in the binomial approaching for mixture of
molecular nitrogen and argon.

2. EXPERIMENT

The discharge plasma is generated in N,-Ar mixture at
the central part of the vacuum camera (anode) of volume

0.1 m’® [1]. The constructional details to be modified were
placed on the metal plate (cathode) 5 cm in diameter. GD
was powered by rectified voltage U up to 1500 V. The
temperature of cathode was controlled by a thermocouple
and maintained at the level ~ 810-820° K by heating from
GD of level Ul ~ 60 Wt (I — discharge current).

Actually nitriding was carried out in a N,-Ar mixture
at a pressure of 150 Pa and the pumping rate of the
mixture v=1,5 Pam’s” for 30 min.

The density of charged particles N, and the electric
field £ were measured by double probes, which could
move along the radius of the chamber.

3. GENERATION OF ATOMIC NITROGEN

The role of atomic nitrogen was analyzed by
determining its density N, on the basis of calculating the
electron distribution function (EDF) in view of its
dependence on the component composition of the
technological atmosphere and plasma parameters. The
latter include the rate of flow v and temperature 7 of the
working gas, as given parameters, and two determined
experimentally: the density N, and the field E. In
principle, we were simulated N,(r) and E(r) also using
fluid model [1]. The example of this simulation is
presented in the Fig. 1.

Nevertheless, this model cannot explain the fact, that
experimentally observed extension of ionization region (~
3 cm), exceeds substantially the thickness of the calculated
near-cathode layer ~ 0,5 cm as is shown in Fig. 1. That is
why we proceed analogously to the paper [4], where the
averaged parameters of the plasma in this region are
introduced. Namely, we used the average values of N, and
E measured by double probes. It is also assumed that the
temperature of the gas near the cathode is 800 K.

The positive column of the investigated spherical GD
is not limited to the transverse direction as the long GD in
tubes. That is why the illumination in this region is absent
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(it is believed that this region corresponds to the dark part
of corona discharge [4]). Actually viewable zone is
concentrated near the cathode in the volume V; ~
0,25 dm’.
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Fig. 1. The distribution of potential (a) and the density of
electrons (1) and ions (2) along a radius of the spherical
GD (b) at a pressure of 100 Pa: p = 150 Pa, rg= 2 cm,
ra=33cm, jx=2mA/cr’, Tx =800 K

Density of the nitrogen atoms N, was determined from
the balance between their generation in the process of N,
dissociation by electron impact and maintenance with
pumping the working gas through a vacuum chamber.
The rate constant of dissociation is

Ty = kfwd(s)fg(e)de’ @
m, 0

where e and m, — the charge and mass of the electron, ¢ —
energy, o4&) — cross section of dissociation by electron
impact, fo(§) — EDF. The latter was found by numerical
integration of the Boltzmann equation, written in the two-
term approximation [5] for a mixture of molecular
nitrogen and argon:
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Here E — field strength; N — the total density of neutral
components; M;, N; and o;; — mass, density of neutral
components and relevant transport cross sections, 7 — gas
temperature (eV); S,y and S, — integrals of inelastic
collisions between electrons and neutral particles and
electrons; A(¢) — ionization term. The integral of inelastic
collisions between electrons and atoms and molecules has
the form

N
Sw=3 e e pierep-ao ) he], O

where o; — cross section of excitation of N, electronic and
vibrational levels and Ar electronic levels, as well as the
dissociation of N,; & — quantum of the appropriate
reaction. Term S,, has a standard form [9]. A(¢) describes
the ionization of N, and Ar:
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where o; 1is differential ionization cross section for the
component i and & — ionization threshold. The next
processes where taken into account to calculate the EDF:
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Links to their cross sections are presented in [5].

Fig. 2 shows a view of the EDF, calculated according
to (2) for various compositions of the mixture. As it may
be concluded, even a small addition of nitrogen leads to
significant changes in the EDF, namely its incidence in
the energy range 3...4 eV and above. This leads to an
increase in the proportion of electrons with energies up to
2 eV, decreases, respectively, share of more energetic
electrons.

Since the dissociation reaction has a threshold
£,~9,76 eV, and the EDF decreases rapidly with
increasing energy, crucial for rate constant r, (1) is the
value of the function at the energy &, marked by the
vertical dashed line in Fig. 2. Thus, the increase of N, in
the mixture leads to a decrease in the proportion of
electrons with energies greater than ¢, and, in turn, — to
reduction of the constant r,. It decreases almost 90 times
when changing the proportion of N, in the mixture from 0
to 100% [5].

As is shown in the result of calculation, the
dependence of N, from the density N, in the discharge
plasma of the mixture leads to the presence of the
maximum values of N,. Concerning our experiment [6], it
is reached at the N, content ~ 25%. In this case N, in the
discharge is more than 20 times higher than in the case of
a discharge in pure nitrogen. The results of determining
the microhardness of the nitrided layer on the composition
of the working mixture of argon/nitrogen are clearly
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correlated with the nature of the dependence N, from N,
content. Thus, the results obtained, on the one hand,
confirm the determining role of atomic nitrogen in the
process of nitriding of metal surfaces and on the other -
can be used to simulate these processes and their

metals mentioned only spectral lines from high exited
states of atoms were observed. This feature may be used
in further quantitative study GD plasma by spectral
method.
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Fig. 2. View of the EDF for different nitrogen content in
the plasma of nitrogen-argon glow discharge

4. LUMINOUS OF THE SPHERICAL GD

We were studied by spectroscopy method the
mentioned above ionization region. The spectra of
luminous from GD plasma were recorded with
spectrometer S100-2048. In this case molybdenum and
cooper were used as material of cathode, and nitrogen and
argon — as plasma forming technological atmospheres.
The specific result is that in the spectra of gases and
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IDODPEKTUBHOCTH NPOLECCA ASOTHPOBAHUA B IIVIABME TJIEIOIHIET'O PA3PSIJIA
B.A. ZKoemanckuii, B.I. Hazapenko, B.A. Xomuu, A.B. Paoues, O.B. Anucumosa, H.0. Hee32na0, A.A. IInvim

PaccmoTpeHa 3amada onpefienieHnst CoAep KaHus aTOMapHOTO a30Ta KaK aKTUBHOW KOMITOHEHTHI, OTBETCTBEHHOM 3a
3¢ PEKTUBHOCTh TEXHOJIOTUH MOIU(DHKAIMK [TOBEPXHOCTH METAJUIOB B IUIA3ME CTAllMOHAPHOTO TICHOLIETO paspsiia
HU3KOTO JaBJCHUS B CMECH a30T-aproH, IMUPOKO NMPHMEHSEMON B ITHX TEXHOJIOTHSAX. BimsHume coctaBa cMecw Ha
CKOPOCTHYIO KOHCTaHTY JHCCOIMAIIMHE MOJEKYJISIPHOTO a30Ta, OTBETCTBEHHON 3a MPOAYLIMPOBAHNE aTOMAapHOTO a30Ta,
OTpEJINICHO PACUETHBIM IyTEM, a MapaMeTphbl IJIa3Mbl — JKCIEPUMEHTANbHO, HA OCHOBE H3MEPEHHUN JBOWHBIMU
3oHAaMU. DYHKIMS pacHpesiesieHds] 3JIEKTPOHOB TI0 JHEPIHsiIM HaxOJWiIach IYyTEM YHCICHHOTO WHTETPUPOBAHUS
ypaBHeHHs BonbliMaHa, 3allMCAHHOTO B JBYWICHHOM MPUOIIKCHHH JUIS CMECH MOJICKYJSIPHOTO a30Ta WM aproHa.
KpaTko 00CyxIeHbI pa3nudans 00CYyKIaeMOT0 ITOAX0/ia C PEIICHUEM 3a/1a9d B TUAPOTUHAMUICCKON MOJICITH.

E®EKTHUBHICTD ITPOLECY A3BOTYBAHH?I B IIJIA3ZMI )KEBPIFOUOI'O PO3PI1Y
B.A. ZKoemancwekuii, B.I'. Hazapeuko, B.A. Xomuu, A.B. Paouyes, O.B. Anicimosa, 1.0. Hes3znno, O.A. IHHInum

Po3rnsiHyTo 3amady BH3HAUYEHHS BMICTY aTOMapHOrO a30Ty SIK aKTHBHOI KOMIIOHEHTH, BiJIOBINAILHOI 3a
e(EeKTUBHICTh TEXHOJIOTiH Moaudikanii MOBEpXHI METaNB y IUIa3Mi CTalliOHAPHOTO JKEBPIOYOro po3psay HHU3BKOTO
THUCKY B CyMillli a30T-aproH, IO HIMPOKO 3aCTOCOBYETHCS B LUX TEXHOJIOTISIX. BIUIMB ckiamy cymimn Ha IIBHAKICHY
KOHCTaHTy Jucoliamii MOJEKYJISIpHOrOo a3oTy, BiJIOBiNAJbHY 3a NPOJYKYyBaHHS aTOMapHOTO a30Ty, BH3HA4YE€HO
PO3paxyHKOBHM LUISIXOM, @ HapaMeTpH IUIa3MH — €KCHEPHUMEHTAIBHO, HA OCHOBI BUMIpIOBaHb MOJBIHHUMHU 30HAaMH.
OyHKIIiS PO3MOIUTY eIEKTPOHIB MO €HEeprisiX BH3HAYCHA HA OCHOBI YHCEIFHOTO iHTErpyBaHHS piBHAHHS bonbiMana,
3alMCaHOTO B ABOWICHHOMY HAONWKEHHI IUIsI CyMIlli MOJEKYJSIpHOTO a30Ty i aproHy. KopoTko aHami3yroTbcs
BiIMIHHOCTi 0OTOBOPIOBAHOTO MIiAXOIY Ta PO3B’S3KY 3a7adi B TIAPOJMHAMIYHIA MOJEIT.
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