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The peculiarities of processing of constructional materials by pulse plasma streams

In this paper presented the results of studies of stainless steel samples surface after modification by pulsed
plasma flows, processing by single and multiple time. The modification carried out on CPU-30 pulsed
plasma accelerator worked at continuously filling mode. The working gas air on pressure 0.04-0,5 mmHg
and energy density of plasma 0-40 J/cm?. The changes of properties of materials investigated by SEM and
XRD methods.

The evolution of the grain, as a structural component of steel, depending on the basic processing parameters,
was researched. Is shown, that changes in the structure of the steel influence of the microhardness of mate-
rial surface. The peculiarities of influence of powerful plasma impact on constructional materials is the the
formation of hardening nitride and carbide phases.
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AM. Kykemos, A.T. 'abnynnuna, C.I1. ITak, A.Y. AmpeHoBa
KoHcTpykuusiJIbIK MaTepHaIiapAbl HMIYJIbCTI IJIa3Ma aFbIHBIMEH 6H/Iey epeKIeTikTepi

By xkymbIcTa TOT OacnaifTeiH Oosiat yiriciHig OeTiHe OipHelle YaKbIT apaibIFbIH/Ia UMITYJIBCTIK IIa3MallbIK
aFbIHMEH 9CEp €TKEH Ke3Jle aJIbIHFaH 3epPTTey HOTHIKeNlepl KeNTipiIreH. DKCIEPUMEHTTIK KYMbIC Y3/IKCi3
TOJNTBIPY PEXUMIHJE JKAacaWThIH UMITYJIbCTIK muazmaiblK yaerkimre (MITY-30) xacamnpsl. XKymbicta ra3
perinze aya anbiHabl, KeIChIMBI 0,04-0,5 MM chiHam OGaraHachl >KOHE IUTa3Ma DHEPTHSCHIHBIH THIFBI3/IBIFBI
0-40 JIx/cm?. Marepuangap KacHeTiHIiH e3repici peHTreH KypsUIbIMABIK Tanmaay (PKT) skoHe pacTpiisik
ANEKTPOHIBIK MUKpockonus (POM) amicTepimer 3epTreni.

Onyiey mapamerpiiepiHe OaiaHbICTBl OONATTBIH KYPBUIBIMJIBIK OONIriHIH (JIOHIEPAIH) IBOJIOLUSICHI
seprreni. bomar KyphUIBIMBIHBIH €3repici marepuan OeTiHIH MHUKPOKATTBUIBIFBIHA OCEep ETeTIHIIr
KepceTii. KoHCTpYKIMSUTBIK MaTepraiiapra ria3Ma aFbIHHBIH KYIITI 9CePiHIH epeKIIeNiKTepl — HUTPUL
JKoHE KapOus (azanapbiHbIH OekemeyiHiH cebedi Ooabl.

Tyitin ce30ep: WMITYNBCTIK TUTa3Ma, TOT OacTalTBIH OoNaT, OONATTHIH KYPBUIBIMBI, KOHCTPYKIUSITBIK
Marepuaniap.

AM. Kyxemos, A.T. 'abaymmuna, C.I1. [Tak, A.Y. Ampenoa
Oco0eHHOCTH 00Pa0OTKH KOHCTPYKIHMOHHBIX MATEPHAI0B HMITYJIbCHBIM IIOTOKOM ILJIA3MbI

B nmanHO#t paboTe mpeAcTaBIeHBI pe3yabTaThl HCCICOBAHNI MOBEPXHOCTH OOpA3IOB M3 HEPIKABEIOMICH
CTaJik 1IoCJIc BOSﬂeﬁCTBHﬂ HUMITYJIbCHBIMU ITJIA3MCHHBIMH ITOTOKAMH, O6pa60TaHHBlX B TCUCHHUH HECKOTOPIo
BpeMeHU. Monudukaius oCymecTBIsIIACh Ha HMITYJILCHOM IU1a3MeHHOM yckoputene UITY-30, paborato-
IIEM B peXHMMe HEIPEepBIBHOTO 3aroyiHeHus. B kadecTBe pabouero raza BeIOpaH Bo3ayx; nasienue 0,04-
0,5MM PT.CT. ¥ IIOTHOCTH dHeprumiuiazMel 0-40 /Ix/cm?. Mi3MeHeHHs: CBOWCTB MAaTEPUAJIOB HCCIIEI0BATNCh
C TIOMOIIBI0 METOAOB PeHTreHOCTpyKTypHOTO aHaimu3a (PCA) u pacTpoBO# 3JIEKTPOHHONW MHUKPOCKOITHH
(POM).

Bruta rccnenoBana 3BOMIONHNS CTPYKTYPHOTO KOMIIOHEHTA CTAIM (3€pHA) B 3aBUCHMOCTH OT OCHOBHBIX Ia-
pameTpoB 06paboTku. [TokazaHo, 4TO U3MEHEHHUS B CTPYKTYPE CTAJIN BIHUSIOT HA MUKPOTBEPIOCTh TIOBEPX-
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HocTH Marepraia. OCOOCHHOCTH BIMSIHUSI MOIITHOTO BO3AECHCTBUS IUTa3Mbl HA KOHCTPYKIIMOHHbIE MaTepHa-
JIBI SIBJISIFOTCS] IPUYMHON (POPMHUPOBAHMS YIIPOUHEHUSI HUTPH/A U Kapouna das.
Knrwueswie cnosa: nMiynbcHasl I1a3Ma, Hep>KaBerollas CTallb, CTPYKTypa CTald, KOHCTPYKLIMOHHBIE Ma-

TEpUaAIbI.

Introduction

Treatment of solid surfaces using pulsed plasma
flows is one of the most promising ways to create
materials with desired properties, including the na-
noscale structure. A feature of this method is the
high density power impact on the surface of materi-
als, resulting in melting of the surface layer of the
material and the cooling rate of 10°-10% K/s [1-3].
Obviously, the physical parameters of the process
leading to the formation of structures of a given
size can be achieved only under certain modes of
exposure. As shown in our works, pulsed plasma
accelerator CPU-30 has a power density of 0.5-5
MW/cm? high enough for surface processing, such
as semiconductors, metallic materials with melting
[4,5]. Well researched work of the accelerator in
pulsed mode, when the working gas is injected into
the electrode space before applying a high voltage.
In the other mode, so called “continuously mode”,
at constant initial gas pressure in the chamber, the
plasma parameters vary over a wide range. In addi-
tion, recently shown that at different gas pressures in
the channel of the accelerator can form clots certain
form, which may play an important role in the pro-
cessing of the material.

High heating and cooling speed of the plasma
flows promote large temperature gradients on the
material, which, in turn, serve as a prerequisite
for the activation of chemical reactions on the sur-
face and stimulate the generation and diffusion of
radiation-induced defects and etc. In the process of
crystallization from the melt in the surface layer of
the material may change, leading to the formation of
new compounds, the intermediate states are meta-
stable phases. Interest is the study of the mechanism
of crystallization in a homogeneous eutectic metal
and nonmetal melts, and their relation to structural
changes and tribological characteristics.

Experiment

In this paper, the generator of pulsed plasma
flows is the accelerator with coaxial electrode ge-
ometry CPU-30 [6]. CPU generates a plasma flows
with velocities (10-100) - 10° m/s and a high den-
sity of the ion kinetic energy from 10 eV to 10° eV
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with a pulse duration of ~ 15 ps. Flux density and
efficiency of influence depends on the conditions
under which the processing is carried out of the tar-
get. In the experiment, the target used samples of
nickel-chromium alloy 12X18N10T, whose surface
has been treated with a residual air pressure in the
working channel of the accelerator. Processing in
this mode is characterized by a homogeneous en-
ergy distribution of the plasma flow on the surface
of'the study object. Was selected a wide range of op-
erating pressures P = 0,04 + 0,5 mm Hg and energy
density Q =8 + 50 J/cm?. Treatment was carried out
once and multi time. The samples were placed at a
distance of 6-10 cm from the end of the central elec-
trode in a plasma focus area.

In this paper, on the basics of 12X18N10T steel
samples had studied the mechanism of growth of
crystallites of the individual phases at the eutectic
solidification of metallic alloys after exposure to
plasma. The influence of the main parameters of the
plasma treatment on the evolution of grain, and as a
result, the surface hardness of stainless steel. In the
analysis of experimental data, we used the methods
of X-ray diffraction (XRD) and scanning electron
microscopy (SEM). Microhardness of the surface
was determined by Vickers (HV) method on metal-
lographic microscope “Metaval” under loading of
indenter 20g.

Scherer’s method used in the XRD to determine
the crystallite size of main phases, it was found that
the single effect of the plasma density variation en-
ergy Q in a given interval (P = 0.04 mmHg) reduces
the size of the main phase of the crystallites were Fe
~ 2 time (Table 1). The greatest effect is achieved
by grinding grain Q = 8,5 J/cm?. The increase of Q
causes small fluctuations is shown, while the crys-
tallization process is not stable, then the phase Fe
grain size does not change. Such changes in the sur-
face structure can be explained by the conditions of
the process, in particular the selected operating pres-
sure at which the CPU-30 to reach a maximum value
of the energy density of the plasma flow. The de-
gree of melting in this case may lead to unexpected
side effects. For example, the presence of a small
amount of ferrite phase in the sample number 1, 3,
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the amount of which decreases and disappears at the
sample number 4.

In addition, the sample number 3, 4, revealed
the presence of two phases with the structure
Fe, (austenite) to the parameters of a fcc lat-
tice, close to the parameters of the main phase
Cr, ,Fe,,Ni,, but differ greatly. The content of

0,19 0,11°
the second phase of austenite is approximately

one-third of the content of the main phase of
v-Fe. Perhaps this refers to the austenite phase,
which is not on the surface, but in the depth of
the sample. With Q increasing the second phase
of the austenite structure disappears (sample
number 5, 6), possibly due to the fact that the
process of modifying the sample affects the
deeper layers of the sample.

Table 1 — The results of X-ray analysis of stainless steel after treatment

oo | M| sow A o | o phase LA
i | o . 3.5824:£0.0006 ;(3)'7608198 902 Cr, ,Fe, Ni, 1560
- 44.554 18.2 Fe.C, -
One time impact
3.58240.0006 43712 1490 Cr, ,,Fe, Ni,, 470
o " 2.8650£0.0007 44.740 56.2 Fe 747
3.5843+0.0006 43.687 622
Cr, ,,Fe, Ni,, 700
N3 | 1| 1995 3.5901£0.0006 43.540 253
2.8647+0.001 44702 27.9 Fe 1135
3.5862:£0.0006 43.657 727
Ned | 1 27.1 Cr, ,Fe, Ni, 560
3.5949:60.0008 50.737 633
Nos | 1 34,9 3.5868+0.0006 43.659 751 Cr, ,,Fe, Niy, 530
N6 | 1| 3925 3.5866+0.0006 43.649 815 cr, ,Fe, Niy 470
Multi time
3.58730.0006 455.0 Cr, JFe, Ni, 350
Al e 3.6113+0.004 253 FeN, ., 163
3.5896+0.0015 578.0 Cr, JFe, Ni, | 480
A el B 3.6104+0.0011 32 FeN, .. 123
3.5892:0.0006 4100 Cr, JFe, Ni, | 440
Nz 01 3.6162+0.0026 43329 FeN, .. 133

With increasing numbers of treatment (up to 10,
20 and 30 time) the structure of the sample surface
stainless steel 12X18N10T modified in solid solu-
tion in which the main are two phases: the austen-
ite - Cr, ,Fe Ni  and iron nitride. The elemental
composition of iron nitride is expressed by FeN_ ...
Small crystallite size may be due to a reduced degree

of crystallinity nitride. A small number of samples

in the presence of a third phase, which can be identi-
fied as Fe,C - iron carbide.

Effect of plasma treatment parameters Q and P
on the crystallite structure apparent when studying
the surface of steel 12X18N10T by SEM (Figure
1, 2, 3). To identify the microstructure was chosen
mode of electrolytic etching plasma-treated samples
for grain.
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Figure 1 — Topography of the sample number 1 (Q = 8,5 J/cm? n= 1), Ne 4 (Q = 27,1 J/cm?, n = 1) general view (x
400) and a fragment (x 2000) after treatment with P = 0.04 mm Hg respectively

Figure 2 - The surface of the samples Ne 1 (Q=4,2 J/cm>, n=1), Ne 3 (Q =8 J/cm?, n=1) and Ne 4 (Q =22,8 J/cm?,
n = 1) general view (X 400) and a fragment (x 2000) after treatment at P = 0.1 mm Hg

On the pictures is clearly visible a transformation
of grain with increasing of Q and P. The presence of
various rack-and-plate-crystalline structure with a dis-
tinct defect of twinning on many samples, suggesting
the presence of a phase transition of y-Fe lattice in the
a-Fe (martensite phase) with another type of lattice.
Since in this case the martensite phase to the austenite
is more stable, such a transition should be accompa-
nied by a hardening of the material surface. Fluctua-
tions in grain size, marked XRD associated with the
phase transformation, the formation of a well-known
compounds and the new, the occurrence of which is
not predicted by the equilibrium phase diagram.
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As we know, the birth of new compounds pro-
ceeds in parallel processes of defect, the result of
which is the appearance of micro-inclusions, areas
of damage and plastic deformation characteristic of
doping impurities and chemically active, directly or
indirectly, by affecting the synthesis of new phases
and the restructuring of the treated surface. When
the concentration of implanted ions stoichiometric
values in the matrix formation of compounds that
require minimal restructuring. Table. 2 shows the
changes in the elemental composition of the samples
were 12X18N10T when processed in the given con-
ditions.
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Figure 3 — The surface of the sample number 2 (Q = 10,35 J/cm?, n= 1), Ne 3 (Q = 19,9 J/cm?, n = 1) general view (x
400) and a fragment (x 2000) after treatment with P = 0.5 mm Hg respectively

Table 2 — Stoichiometricchangesin steel12Kh18N10Tafter processing

Ne sumple Al, % Si, % Ti, % Cr, % Mn, % Fe, % Cu, % Ni, %
4 (initial) - 0,68 0,21 17,85 1,58 70,61 - 9,07
At air work pressure0,1 mm Hg.
4 (one time) - 0,67 0,16 17,96 1,69 70,42 0,39 9,10
3 (10 time) - 0,67 0,33 17,81 1,40 70,61 0,33 8,85
1(20-) - 0,63 0,26 17,87 1,62 70,32 - 9,30
2(30-) - 0,69 0,24 17,83 1,74 69,78 0,51 9,21
At P=0,5 mm Hg.

3 (one time) 0,10 0,36 0,20 17,69 1,62 70,31 - 9,23
5 (multi time) - 0,71 0,21 17,82 1,57 70,31 0,39 8,98

After processing can see the changes of surface
microhardness of treated samples, as shown in work
[7]. Single exposure leads to an increase of micro-
hardness to 1.5 - 2 times as a result of treatment at
a pressure of 0.5 mm Hg, repeated - almost three
times at = 0.1 mm Hg.

Conclusion

Studies have shown that repeated treatment is
effective. It is shown that the dependence of HV on
the multiplicity of effects is almost linear. One of
the reasons for the increase in microhardness, ap-
parently, are the structural changes, including the
formation of hardening nitride and carbide phases.

For example, in work [7] stated that when implant-
ed iron-based alloys with nitrogen ions increase the
radiation dose to 4 - 10'® cm™? at room temperature
leads to the appearance of the martensite phase,
which when heated to temperatures of 426 K into
a tetragonal bcc grid iron nitride. And as in the ex-
periment, surface treatment of steel 12X18N10T
done repeatedly, as the plasma gas was used by the
air that N, is one of the main components, and the
results of X-ray analysis showed the presence of
nitride phase, we can assume that these conditions
impulse excitation can initiate similar phase trans-
formation. Strengthening also helps reduce the size
of the crystallites with repeated exposure.
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