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Introduction

Investigations into electric sparc metal
erosion, that have been performing for the last two
decades, allow us to gain sufficient information on
mechanism of the ultradispersed particle formation,
effect of arc parameters and physical properties of
medium on the parameters and properties of the
particles prepared [1-2].

Moreover, the work directed to the
investigation into the mechanism of the dispersed
phase formation suggests that monolithic solid
particles will not form in all the cases [3].
Experiments  demonstrated that in  some
experimental conditions the hollow particles
formed. They can have various geometric forms. In
the work presented the formation of hollow
ultradispersed particles is considered. The particles
have been prepared by nickel sputtering in the
hexane medium.

Experimental

As showed in [3], the main techniques for
hollow particle preparation may be:

a) dispersion of the substance solution using
ultrasound or frothing the operation solution before
pyrolytic treatment;

b) interaction between liquid particles (solutions or
melts) and gas or vapor in aerosols;

¢) emulsion method;

d) precipitation of different compounds on the
surface of polymer particles followed by treatment
with oxygen and hydrogen;

e) other techniques representing modifications of
one or another method or their combination.
Various materials may be produced by these
techniques [4-23].

Basically, macro- and microparticles are
produced by all the techniques above.

In our previous work we prepared micro-
and nanodispersed particles by two techniques:
1) final reduction in H, of the mechanical mixture
from highly dispersed powders of required metal
oxalates and the base followed by removing the
base material by chemical method; 2) cladding the
highly dispersed base powders with required metals
followed by removing the base material by different
methods.
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In this report we represent the results of the
work aimed to prepare the hollow nanoparticles of
metal carbides.

The apparatus for electric sparc material
dispersion in liquid media was used for this
purpose. The apparatus was designed in laboratory
67 in Institute for Problems of Material Science of
National Academy of Sciences of Ukraine.

The apparatus allows preparation of particles
10 nm - 10 um in size. There is possibility to study
the effect of temperature, the nature of liquid phase,
plasma parameters on properties, geometric
parameters and structures of the products produced.
In the experiment nickel was used as the

material sputtered. It has been sputtered in
C,HsOH, toluene, benzene and hexane. The
products produced have been studied using

transmission electron microscopy (Fig.1-9).

Results and discussion

In the course of the experiment the
formation of hollow particles has been observed
only in the hexane medium. Moreover, the
formation of nanoparticles has been observed in all
the media. Nanoparticles are gathered it the fractal
clusters which consist of larger or fewer number of
initial units (Fig.2). Nanoparticles may present as
separated aggregates or they adhere to the large
metal particles (Fig.2). Particles may be both
hollow with crystals on the surface (Fig.3) and
completely monolithic (Fig.4).

Additionally, the particles with the almost
regular form (Fig.5) and the noticeably distorted
spherical form have been prepared in hexane. It is
rather difficult to describe the shape of some
hollow particles produced (Fig.7). Among the
particles prepared there were particles with faces
typical for monocrystals (Fig.8,9) and the particles
which have the shape like an acrumpled paper sheet
(Fig.1).

We suppose that the
formation occurs in two stages:
a) the refractory carbide, oxycarbide or carbon
(graphite or hydrocarbon) layer forms on the
surface of the metal particles, when it is cooled.
Quenching the layer occurs in the operation liquid

(Fig.5).
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b) The particle returns from the liquid medium (due
to the turbulent movement of liquid) into the
plasma zone. Heating occurs above the metal
melting point. As a result, vapor forms inside the
refractory shell. The shell tears, vapor is ejected.
This process results in the formation of both metal

nanoparticles

and hollow structures which,

obviously, will be of great practical interest as
filters, sorbents and catalysts.
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IHOJYYEHMUME ITOJIBIX HAHOYACTHI
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Beenenue

PaboTel 1O W3y4YEHUIO 3JICKTPOUCKPOBOM
9PO3WH METAJUIOB, TPOBOJUMBIC IOCIEAHUX JBa
JIECSTHIIETHS, ITO3BOJIMIA TONYYHTH JOCTATOYHO
uHpopMaru 0  MexaHu3Me  (HOpPMHUPOBaHUS
YIBTPaIUCTIEPCHBIX YacTHIl, 0 BITUSTHUH
MapaMeTpoB Iy U (DU3WYECKUX CBOKHCTB CpeIbl
Ha TIapaMeTpbl U CBOWCTBA MOJYYCHHBIX YaCTHUIL
[1-2].

Kpome Ttoro, paboTsl, HampaBieHHbIE Ha
M3yYCHHUE MExaHu3Ma 00pa30BaHMs JUCICPCHBIX
(a3, CBHIETEILCTBYIOT O TOM, YTO HE BO BCEX
ciy4asx OyayT oOpa3oBBIBATECS MOHOJUTHBIE
TBepAbIe JacTHIBI [3]. DKCIEpUMEHTHI TOKa3aH,
YTO B HEKOTOPBIX IKCICPUMEHTATIBHBIX YCIOBHSIX
oOpa3zyrorcs monble 9acTuilbl. OHU MOTYT HUMETh
BCEBO3MOXKHBIE TreoMeTpudeckue (Gopmsl. B
Hacrosmed paboTe paccMOTpeHO oOpa3oBaHUE
MOJIBIX YIBTPAIUCIICPCHBIX YaCTHUIl, IOJTYYCHHBIX
pacTbUICHHEM HHKEIS B CpeJie TeKcaHa.
IKCIMepUMEHTAJbHAN YaCTh

Kak moka3ano B 0030pe [3], K OCHOBHBIM
crnoco0aM TIONydYeHHs] TIONBIX YaCTHI[ MOXKHO
OTHECTH:

a) JMCIEprupoBaHME pacTBOpa BelIeCcTBA C
MOMOIIBIO  yJIbTPa3BykKa JIMOO  BCIICHHBAaHUE
pabouero pactBopa Teped  MUPOIUTHYECKOUN
00paboTKOIA;

0) B3aMMOJCHCTBHE XHIKHUX YacTUl (PacTBOPOB
WJIM PacIIaBOB) C Ta30M HITU ITAPOM B a3PO30JIsX.
B) OMYJIbCHOHHBIN METO;

I) OCaXICHHE Ha IOBEPXHOCTh ITOJMMEPHBIX
YaCTHIl PAa3IUYHBIX COCIUHEHHH C TOCIeIyromen
00paboTKON KHCIOPOAOM U BOAOPOJIOM;

I) Jpyrde crocoObl, TPEACTABISAIONIAE COOOH
MOIU(HUKALUU TOTO WJIM MHOTO METOAa JHOO0 HX

KOMOWHUpPOBaHHUE.
Taxumu criocobamMu MO>KHO MOJTy4aTh
pasHooOpa3Hble MaTepuaisl [3].

Bcemu NepEUNCICHHBIMU BBIIIIE

cnocobaMy TMONYy4YalOT B OCHOBHOM Makpo - H
MUKPO pa3MEpPHBIE YaCTHUIIEI.

Mbl B CBOMX MpemblIyIIuX paboTrax
MOJTyYal MHUKPO — W HAHOIWCIIEPCHBIE YaCTHIIBI

Fax: 38-044-424-0381; E-mail: shurzag@materials.kiev.ua
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IByMms crocobamu: 1) BoccraHoBieHueM B Hj
MEXaHUYeCKOH cMecH BBICOKOAMCIIEPCHBIX
MIOPOIKOB OKCaJaToB TpeOyeMbIX METalloB H
OCHOBBI C IOCIIEAYIOUINM yAaJeHHeM MaTepuala
OCHOBBI XUMHUYECKUM crocobom;
2) mIaKUpOBaHUEM BBHICOKOIHMCIIEPCHBIX MTOPOIIKOB
OCHOBBI HEOOXOIMMBIMHU MeTaJlJIaMH c
MIOCIIEAYIOLTIM yAaJeHueM Pa3TUIHBIMU
cnoco0aMu Marepuaa OCHOBBI.

B Hacrosmem cooOImeHnn MPHUBOASATCA
pe3ysbTaThl pabOThI, CTaBAIICH CBOCH IICIIBIO
MOJIyYUTh  TOJIbIC  HAHOYACTHUIBI  KapOHWIOB
METaJIJIOB.

Jlnst 5TO# 1€ UCIOJIb30BalId YCTAHOBKY
3IEKTPOUCKPOBOTO JUCIIEPTUPOBAHUS MaTepHAIIOB
B XHUAKUX cpeaax (cozmaHHyro B mab. Ne67 UIIM
HAH Yxkpaunsr).

YcTaHOBKa MO3BOJISET MOMyYaTh YACTHILIBI
pazMepoM B auanazoHe 10 am — 10mkM. Mmeercs
BO3MOXKHOCTh H3y4YaTh BIIHSHUAE TEMIEPATypPHI,
MIPUPOABI KUIKOW (a3bl U MapaMeTpoB IIa3MbI Ha

CBOICTBA, TIEOMETPUYECKHE  MapaMmMeTpbl U
CTPYKTYPY MOIYy4aeMBbIX MTPOTYKTOB.
B 3KCIIEPUMEHTE B KavyecTBe

pacnbUIIEeMOro Marepuaia ucrnojib3obaics Ni. Ero
pacneusin B cpene cnupta (C,HsOH), Tomyona,
Oenzona um rekcaHa. [IpomyKTel wWccienoBamu C
MOMOIIBI0  MPOCBEYMBAIOIIETO  3JICKTPOHHOI'O
MUKpockora (puc. 1-9).

OO0cy:kaeHHe MOJYYeHHBIX pPe3yJbTATOB

B xome okcmepuMmeHta o0pa3zoBaHHE
MOJILIX YaCTHI[ HaOJIOJIAIOCh TOJIBKO B Cpene
rekcana. Kpome »3TOro Bo Bcex cpemax
Ha0IrogaJI0Ch 00pa30BaHWe HAHOYACTHUII, KOTOPHIE
coOupanuch BO  (paKTaabHbIE KIACTEPhl C
0OJIBIIUM WJIM MEHBIIMM KOJUYECTBOM HCXOJHBIX
equanI (puc. 2). OHEM MOTIH MPUCYTCTBOBATH B
BUJIC OTHCIIbHBIX arperaroB WM MPWIUNAIN K
KpYIHBIM METaJUIMYECKUM dvacTuiam (puc. 2).
Yactumpl  MoOryT OBITP  Kak  MONBIMH, C
KpHUCTaUIaMH Ha MOBEepXHOCTH (puc. 3), Tak |
MIOJTHOCTHI0 MOHOJIUTHEIMHU (pucC. 4).

Kpome sToro B rexcaHe OBUIH IOITyYEHBI
YaCTHIIHI TTOYTH TIPABWIBLHON (pHC. 5) W 3aMETHO
HUCKaXCHHOH (puc. 6) cdepuueckoii (HOpMBL
®opMy HEKOTOPBIX MOJYYSHHBIX TMOJBIX YaCTHUI
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ommcaTh JOCTaTOYHO CIIOKHO (puc. 7). Cpenm
MOJYYCHHBIX YaCTHIl OBUIM YacTHUIIBI C OTPaHKOH,
XapakTepHOH Il MOHOKpHCTa/UIOB (puc. 8, 9), a
Takke YacTHIBl (0Opa3oBaHUs), WMEIOIINE
(dhopMy ckOMKaHHOTO JHcTa Oymaru (puc. 1).
Msl mpeamosiaraeM, 4to (popmMupoBaHue
MOJIBIX YAaCTHII TPOUCXOANT B JIBE CTA/INU:
a) oOpa3oBaHHe Ha MOBEPXHOCTH METAJUIMYECKOU
gacTUIbl (B XOlE €€ OXJIaKICHHUS) TYTOIUIaBKOU
KapOWIHOW, OKCHUKApOWIHON, WM YTIICPOTHOMN
(rpacduTOBOM WM YTIIEBONOPOJHON) MJICHKH H €€
3aKaiika B paboueit )KuaKocTH (puc.S).
0) BO3BpalllCHWE YACTHIBI W3 JKUAKOH CpEIbI
(6bnmaromaps TypOyJIeHTHOMY JIBUKEHUIO
KHUIKOCTH) B 30HY IUIa3Mbl M HarpeB BBILIC
TEeMIIepaTypsl IJIaBIeHUs MeTaia. B pesyibraTe
TAKOTO HarpeBa MPOHUCXOAUT MapooOpa3zoBaHUC
BHYTPH TYT'OILUIABKOH 000JIOYKH, Pa3pbiB 000IOUKH
u BBIOpOC mapa. OTOT TpoLecC MNPUBOIUT K
(OpMHPOBAaHMIO KaK HAHOPAa3MEPHBIX YaCTHIL
MeTajla, TaK M TOJBIX CTPYKTYp, KOTOpBIE,
HECOMHEHHO, MOTYT HPEACTaBJIATH OOJBIION
IIPAaKTUYECKUIl MHTEpeC B KauecTBe (DUIBTPOB,
COpOEHTOB M KaTaJIu3aTOPOB.
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