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Present study offers the technology for production of small uniform particles and coatings by employment of
nonequilibrium plasma at atmospheric pressure. A new process has been developed for a high rate plasma deposition of
fine particles from solid carbon, aluminum hydroxide and some other related precursor powder. The SEM micrographs
showed the features of synthetized carbon particles injected into plasma jet reactor before and after plasma treatment.
Shape and size of these particles strongly depend on the localization of inserting place. Significant differences in size
and shape were observed over deposition process when initial carbon powders were feeding directly into the reacting
arc zone together with propane-butane gas. The carbon film elements deposited on a quartz substrate with addition of
propane-butane showed the minimal size and streamline shape. Visual and SEM observations confirmed that carbon
coatings proved to be suitable for further deposition of catalytic and tribological coatings.
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INTRODUCTION

Plasma-assisted deposition of wide range coatings and
plasma-assisted processing of sprayed substances have
become key processes in many scale of application. It is well
known that thermal spray pyrolysis may affect the formation
of fine particles or granules [1]. The similar process may
occur also during plasma spraying. It follows that the
dominant process of composition changes during plasma
spraying may be spray pyrolysis. Therefore we proposed to
perform a series of experimental and theoretical
investigations to test the effect of injection of non-reacting
and reacting gas mixture such as propane-butane into plasma
jet reactor or plasma torch anode. This allowed the presence
of higher temperature inside the reactor.

The employment of plasma spray pyrolysis may be
directed at the fabrication of variety of ceramic coatings,
production of fine mineral fibre and granules, synthesis of
micro- and nanostructured particles and plasma polymer
products [2,3].

EXPERIMENTAL EQUIPMENT
AND TECHNICAL DETAILS

Fine particles were deposited employing a specific
plasma spray technique with a linear, sectional plasma torch
(Fig. 1) generating non-equilibrium plasma jet at atmospheric
pressure. The similar plasma spray torch 100 kW of power is
analyzed in details elsewhere in [4]. Plasma chemical reactor
which is directly connected to the plasma torch anode 9
consists of two sections 0.02 m of length produced of high
purity copper and cooled by water. The internal diameter of
the reactor is 0.01 m and total length is 0.04 meter. Such
design enables easy to change the length and configuration of
the reactor, as well as the flow direction and the exposure
duration of material processed.

Experiments were performed at plasma flow
temperature 2500 — 3500 K and velocity 300 — 450 m-s™
The diameter of particles was evaluated from the cross-
sectional  scanning electron microscopy (SEM)
observation and the surface zone phase composition was
analyzed by X-ray diffractometer.

Coatings and particles were deposited without
intermediate layers. Instantly, dispersed particles or thick
films of fine structure were obtained during plasma

spraying process when raw stuff were introduced into
three places of the plasma equipment. Firstly, fine
particles and coatings were formed in the nitrogen plasma
at atmospheric pressure when initial powder was injected
into plasma jet in the outside area of exhaust nozzle of
plasma generator perpendicular to plasma jet.
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Fig. 1. The schematic presentation of plasma torch:
1 — cathode junction, 2,4 — rings of injection of plasma
forming gas, 3 — intermediate anode, 5 — neutrode,
6 — powder injection ring, 7,9 — anode, 8 — magnetic coil

The second way of injection is related to the
increasing temperature, kinetic energy of powder and
their exposure time in high temperature zone. In this case
precursor powder was injected into nitrogen plasma flow
inside the reactor. The third place of powder injection was
reacting arc zone when precursor powder was injected
directly into the arc together with additional gas. Instead
of previously used two rings for injection of plasma
forming gases (Fig. 1.) the third one has been arranged
(Gs;). Plasma forming gas was supplied via the first ring
(G)), the propane-butane gas via second (G:). Therefore
the length of plasma torch has increased. Coatings were
deposited on the surfaces of different kind of substratum,
such as stainless steel, silicon, quartz glass or ceramics

RESULTS AND DISCUSSION

A new process is going to be developed for a high
rate plasma deposition of solid films and particles from
solid carbon monomer precursor (Fig. 2.). Dispersed
powder particles (in the present case — carbon and its
mixtures with Al (OH)s) injected into the plasma assume
the portion of the kinetic and potential energy from
plasma flow. In motion together with plasma they became
motile rapidly and their edges were melted and shaped.
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Fig. 2. Model formation of fine particles during plasma spray pyrolysis

Passing the way from plasma torch exhaust nozzle to the
substratum or selecting device particles leaves the
distance equal 90 — 120 mm. Injected into flow almost all
particles leaves the distance being as partly melted.

Fine particles of carbon have been produced by plasma
processing of irregularly shaped initial powders. In the
case when additional propane-butane gas is not supplied
the size and shape of final product depend on the injection
location of the initial stuff. As is visible from Fig. 3a and
b only several groups of particles has changed their shape
and size. The view is different when powder is supplied
into diffuse arc column. The shape of particles are not
particularly uniform although a smaller particles are better
formed (Fig. 3c). At the same arc current the plasma
forming gas flow rate may have only negligible impact on
size and shape distribution of grains.

During the initial phase of plasma spraying process
when powder particles are injected into the reactor or into
the arc zone, in the reason of the affect of high
temperature flow they may be completely melted and
partly evaporated. This occurs when the particle size is
relatively small and the velocity of the plasma flow is
relatively low at the temperature of 3200 — 3500 K. In the
middle of distance between exhaust nozzle and
substratum the shape of particles is substantially uniform.

Significant differences in size and shape were
observed during plasma spray deposition process when
carbon particles were stocked directly into the arc

together with propane-butane gas. These particles were
selected and separated in the specific filter made. Carbon
particles deposited on a quartz and silicon substrate with
addition of propane-butane gases has minimal size and
streamlines shape (Fig. 4) because of partial evaporation,
explosion and secondary formation of the new fine
particles during the plasma spray pyrolysis process. The
ratio of fine down of the treated powders increases with
the increase of propane-butane flow rate in plasma. The
diameter of such particles is in general in the range
between 2 um and 50 nm.

Intensive cooling the substratum surface the substance
vapour should condense and form a film on the surface
significant thinner as in the case of conventional plasma
spraying. However this didn‘t occur although the
dimensions of elements of coatings were rather smaller,
i.e. reached up to 5 — 10 um instead of 50 um.

When dispersed particles are injected directly into the
arc and the spray distance is decreased the significant
changes on the surface of coating were not observed
although increasing SEM magnification until 2000 times
some increase of coating elements was noticed.

Films of fine particles were formed on a quartz glass
substratum intensively cooling it. Proper conditions to the
formation of carbon containing coatings are achieved
when exhaust temperature in plasma torch exhaust nozzle
reached 3200 K and the flow velocity — 320 ms™. The

diameter of elements of such coating didn‘t exceed 2 pm.

Fig. 3. SEM image of particles produced of 50% C and 50% AIl(OH); mixture at different injection location of initial

powder a-

into plasma Jjet outside the reactor; b — into the reactor; ¢ —

into the arc column
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Fig. 4. SEM topography of carbon particles selected on quartz glass surface. Initial powder injected into arc reacting
zone together with propane-butane gas. a — initial powder, b — injected into the reactor, ¢ — injected into the arc

At the fairly high arc current the plasma jet
temperature may reach the value at which plasma spray
pyrolysis occur and prism shaped particles fed into
plasma jet reactor may shape as hollow spheres [3]. The
size of such granules strongly depends again on injection
location of initial substance and time of duration in high
temperature zone. The spherical granules obtained by the
plasma spray pyrolysis 50 — 100 um of diameter consist
of unagglomerated and uniform octagonal elements with
mean length of edge between 40 and 50 pm, which is
equal to the mean diameter of original initial particle [3].
Under certain processing conditions Al,O; powders have
been completely spheroidized. The morphology and
structure of individual particles were examined and their
formation mechanism was discussed elsewhere in [3].

It is important to notice that employing the presented
method is possible to obtain nanosized particles and
nanostructured coatings. Obtained particles are mainly
spherical, their sizes vary from 20 to 300 nm.

CONCLUSIONS

particles directly into the reacting arc zone fine-grained
structures have been available.

Injecting carbon particles up to 50 pum in diameter into
reacting arc zone and blowing additionally propane-
butane gas it is possible to obtain coatings diameter
composing elements of which doesn’t exceed 2 pm.
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substance and means of plasma processing. By injecting

CHUHTE3 MEJIKUX YACTHII B ITPOLECCE ITNPOJIM3A IINIASMEHHOI'O PACIIBIJIEHU A

B. Banunurwoc, I1. Banamxasuurwc, B. I'puzaiimene, JI. Mapyunayckac

[IpencraBnena TEXHOJIOTHS IyJIbBEPH3ALMM MEIKHX YacTHUI] C MIOMOIIbI0 HEPABHOBECHOH IIIa3MEHHOHM CTpyH IpH
aTMoc(epHOM JIaBieHUH. MeToJ IUIa3MEHHOI'0 NMHUPOJIM3a paclbUIEHHEeM pa3pabOTaH C LENbIO IMOJYYEHHS MEIKHX
MIAJKUX MHUKPOYACTHI[ M3 MOPOILIKA YIIEpojAa, THAPOKUCU aTlOMHHHUA, JOJIOMHUTA, IECKa U HEKOTOPBIX APYTHX
MaTepuaioB. lcciemoBaHUS CKaHHUPYIOIIMM 3JIEKTPOHHBIM MHKpockornoM (SEM) mokasanu pasHHIy MEXIy
JTUCTIEPCHBIMU YaCTHIIAMHU, BIyBa€MBIMHU B IUIA3MEHHBIN CTPYHHBII peakTop, M 4YacTUIAMM, NOJIYYEHHBIMU IIOCI]IE
00pabotkn B miazMme. [lomydeHo, uTro auamMerp M (opma YacTHIl PE3KO 3aBUCHT OT JOKAIM3AIMU BBEICHHS HX B
IUTa3MEHHBIN MOTOK. CyIeCTBEHHBIE U3MEHEHUSI BEIMYMHBI U ()OPMBI 3aMEUEHBI BO BPEMsl IUIa3MEHHOTO HAIBUICHHS,
KOTJIa TIOPOLIKH YTJIEpO/ia COBMECTHO C HECYIIMM Ia30M IOJaBAINCH IPSMO Ha PEaKTHBHYIO 30HY AYTH IUIa3MOTpPOHA.
[Ipn HacaxIeHUM MOKPBITHH yIiIepoa Ha MOMI0XKKY M3 KBAPLEBOTO CTEKJIA, BMECTE C IIOPOLIKOM CHIPbS, OACTABIISA
cMech TponaHa-OyTaHa, IOJlydeHa MEJIKO3EpHHUCTas IUJICHKa C 3JeMEHTaMH MHHHUMAaJbHBIX Pa3MepoB W OjecTsen
¢opmel. Onrtuyeckass mukpockonuss 1 SEM wuccienoBanust oOpa3moB NMOATBEPXKAACT IPHUTOJHOCTH METOAA IIPH
HAHECCHUH KaTaJUTUUECKUX U TPHUOOIOTHUECKHX TOKPBITHH.

CHUHTE3 JPIBHUX YACTOK Y IPOLECI OTPOJII3Y MJIASMOBOT'O PO3INJIEHHSA
B. Baninumwc, Il1. Baramksagiuwc, B. I'puzaiimene, JI. Mapyunayckac

[IpencTaBieHO TEXHOJIOTIIO MyJbBEpH3allii APIOHUX YACTOK 3a JOMOMOTOI0 HEPIBHOBAroro Ijia3MOBOTO CTPYMEHS
npu atMOc(hEpPHOMY THUCKY. MeTo[] IIa3MOBOTO IIPOJIi3y PO3MHICHHIM PO3POOJCHHUN 3 METOI OACpIKaHHS APIOHHUX
TJIAJKUX MIKPOYACTHHOK 3 IOPOIIKY BYTJICHIO, TiIPOKHUCY aJIOMIHIIO, HOJOMITY, MICKY 1 JAEAKAX IHIIMX MaTepialiB.
JocmimKeHHsT CKaHyI0OUNM eIeKTPOHHIM MikpockoroM (SEM) mokasanu pi3HHII0 MK JUCIIEPCHUMH YacTKaMH, SKi
BIYBAIOTHCS B IUIa3MOBHMH CTPYMHWHHHH pEaKTop, i 4YacTKaMH, OTPUMaHMUMHU IIicist 00poOku B mna3mi. OTpumano, mo
nmiamerp i popMa 9acTOK Pi3KO 3aJEKUTh BiJl JOKaJi3aIlil BBEICHHS iX y IUIa3MOBHUH MOTIK. [CTOTHI 3MiHHM BEeNWYHHH 1
(dopMu 3amiueHi ImiJ Yac IIa3MOBOTO HAIMIIIOBAHHS, KOJM MOPOIIKK BYIJICIIO Pa30M 3 HECYYHMM Ta30oM IOJaBajuCs
MIPSIMO Ha PEaKTHBHY 30HY JIYI'H IuiazMoTpoHa. [Ipu Haca/pkeHHI MOKPHUTTIB BYIJIELIO HA IMIJKJIAAKY 3 KBapIIOBOTO CKJIa,
pa3oM 3 MOPOIIKOM CHPOBWHHM, IIJCTABISIOYM CYMIIl IpOIaHy-OyTaHy, OTpuMaHa JApiOHO3EpPHUCTA IUTIBKA 3
€JIEMEHTaMU MiHIMaIbHUX PO3MIpiB 1 Oamcky4oi ¢opmu. Ontuyna wmikpockomis i SEM  jmociipkeHHs 3pa3kiB
M ATBEPIKY€ IPUAATHICTD METOAY NPH HAHECEHH] KaTaTiTHYHHX 1 TPHOOJIOTIYHMX HOKPHTTIB.
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