NEW MATERIALS AND NANOTECHNOLOGY

E-BEAM PRODUCTION OF CARBON-BASED MATERIALS
WITH AMORPHOUS, NANO-STRUCTURES
FOR INDUSTY AND MEDICINE

Description

Technology is based on the method of electron beam evap-
oration of carbon (graphite) using a liquid pool of tungsten
and subsequent condensation of the vapour flow, which
was suggested by us and patented in Ukraine and the USA
(US Patent #5296274, cl. BO5D 1/00 Movchan B. A. and
others. "Method of producing carbon-containing materials
by electron beam vacuum evaporation of graphite and sub-
sequent condensation™). Evaporation is performed as follows:
a plano-cylindrical tungsten tablet 5-10 mm high is placed
on the end face of a cylindrical graphite block of 50—100 mm
diameter and specified length. The tablet is melted by the
electron beam and forms a "hot pool”. A continuous trans-
port process of carbon dissolution in the liquid pool volume,
subsequent evaporation from the pool surface and forma-
tion of an intensive vapour flow of carbon atoms (clusters)
is established. Tungsten practically does not evaporate.

Located near the above-mentioned carbon evapora-
tion source is the second independent traditional source of
electron beam evaporation of metallic and non-metallic
materials, which are added to the main vapour flow of car-
bon by evaporation, if required (The third evaporation
source can also be used).

This method has been recently improved by applying
the technique of reflection of the vapour flow of carbon (or
carbon plus additives) from surfaces (mirrors) heated up to
high temperatures (1000—1800 °C), to form in space vapour
flows of a specified orientation and particles which would be
more uniform in terms of composition, structure and energy.
This improvement is required at subsequent deposition of the
vapor flow and "engineering" of the specified coating struc-
ture. Vapour flow ionization and bleeding gases into the vacu-
um chamber can be used as additional technological parameters
for controlling the deposition process and condensate struc-
ture. Temperature of the deposition surface is one of the main
technological parameters, controlling the condensate structure.

Rate of evaporation of a graphite block of 70 mm
diameter is equal to 1.0-1.1 kg/h.

Innovative Aspect and Main Advantages
Electron beam technology differs from the currently avail-
able methods of arc and laser evaporation of carbon by
availability of many parameters for fine adjustment of the
main stages of the evaporation process, vapour flow forma-
tion and its condensation, namely:
1. Area, average values of evaporation rate and temper-
ature of atoms (molecules) evaporated from the tung-
sten "hot pool"”.
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Fig. 1. Examples of special structures of carbon condensates:
nanotubes (a) and spheres (b).

2. Temperature, composition and molecular structure of
the vapour flow after reflection from the heated sur-
faces, vapour flow ionization, bleeding gases and using
additives of inorganic and organic substances, includ-
ing catalysts of the growth of macromolecular struc-
tures of the type of nanotubes and fullerenes.
Temperature of the condensation surface of an orient-
ed vapour flow in the range from room temperature to
1000-1200 °C and respective structures

3. From amorphous to nano- and micro-sized. Possibility
of producing macromolecular (fullerenes, nanotubes)
and diamondlike structures, carbides and composite
materials (coatings) on their base is shown. A pilot
production electron beam unit of up to 250 kW power
adapted to the above technology variants is available.
Areas of Application:Electronics and optoelectronics,
medicine, chemical technology, instrument and me-
chanical engineering.

Stage of Development

Technology and equipment have been patented, experi-
mental facilities are available, and a demonstration can be
done.

Contact Details

International Center for Electron Beam Technologies of
E. O. Paton Electric Welding Institute of NASU

68, Gorky str., Kiev-150, 03150, Ukraine

Yakovchuk Konstantin

Tel.: +38 044 289-2176

Fax: +38 044 287-3166

E-mail: yakovchuk@paton-icebt.kiev.ua
http://www.paton-icebt.kiev.ua
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HOBI MATEPIAJIN TA HAHOTEXHOJIOrIi

EJJERTPOHHO-IITPOMEHEBA TEXHOJIOI'TA

TA YCTATRYBAHHA A4 OAEP;RAHHSA MATEPIAJIIB
HA OCHOBI BYTJVIEIIIO 3 AMOP®HOIO,

HAHO- I MIKPOPO3MIPHOIO CTPYRTYPOIO

02120 nponosuuii

TexnoJiorist 6a3y€eThest HA 3aIIPOIIOHOBAHOMY HAMU i 3aria-
tentoBanomy B Ykpaimi i CIITA (ITarent CIITA Ne5296274,
k. BO5SD 1,/00 Movchan B.A. and others. "Method of pro-
ducing carbon-containing materials by electron beam vacu-
um evaporation of graphite and subsequent condensation.")
METOJIi eJIEKTPOHHO-ITPOMEHEBOTO BUITAPOBYBAHHS BYTJICIIO
(rpadiTy) 3 BAKOPUCTAHHSM Pi/IKOT BAHHU BOJIbdpamy i Ha-
CTYTTHOI KOHJIEHCAIil TapoBOTO TOTOKY. BumapoByBanus
3IIHCHIOETHCSI B TAKMIA CIIOCIO: HA TOPII IUIIHAPUYHOTO 610~
Ky rpadity miamerpom 50—100 MM i 331101 TOBKIHT yTPH-
MYETBCSI TUIOCKO-IIIJIHAPIYHA TabseTKa BoJb(dpaMy BUCO-
1010 5—10 MM, 1110 PO3ILIABJISETHCS €JIEKTPOHHUM IIPOMEHEM
i yrBopioe "hot pool". YcraHoBmoeTbest OesnepepBHUIN
TPAHCIOPTHUI IPOIIEC POZYUUHEHHSI BYTJIEIO B 00'eMi PiKol
BaHHM, HACTYITHOTO BUIIAPY 3 MOBEPXHi BAHHM i yTBOPEHHS
IHTEHCWBHOTO TTAPOBOTO TIOTOKY aTOMiB (KJacTepiB) ByTJie-
1110. Bosibdpam 1pu 11boMy 1IPAKTUYHO HE BUTIAPOBYETHCSL.

Ilopyd i3 3a3HaYeHNM /IPKEpesIOM BUTIAPDOBYBAHHS BY-
JICIIO PO3TAIIOBYETLCS 1HIE He3a/IesKHE TPAJAUILIHHE JIKe-
PeJIo eJIEKTPOHHO-TIPOMEHEBOTO BUITAPOBYBAHHS METaJICBUX
i HeMeTaliYHUX PEYOBHH, 110 [IPU HEOOXIJAHOCTI, MIJISIXOM
BHUTAPY, BBOAATHCS B OCHOBHM MApOBUIA MOTIK BYTJIEIIIO.
(MoxuBo 3acTOCYBaTH 1 TPETE [IFKEPETIO).

OcranniM wacoM 1eil MeTo OyB yIOCKOHAJIEHHI
MIJISIXOM 3aCTOCYBaHHSI TEXHIKHU BIIOUTTSI IIAPOBOTO OTOKY
Byrueiio (abo ByrJielo 3 106aBKaMu) BiJl HArPITUX 10 BU-
cokux temreparyp (1000—1800 °C) moBepxoub (13epkair)
3 MeToo (hOPMYBaHHS B IIPOCTOPI MMAPOBUX TOTOKIB 3a/1a-
HOI opienTartii i 6iIbIIT OAHOPIAHUX 32 CKJIaZ0M, CTPYKTYPOIO
Ta eHeprieto yactok. Lle ypockoHaseHHsT HeOOXijHe st
MOJIAJIBIIIOTO OCA/KEHHS 11aPOBOTO TIOTOKY 1 "KOHCTPYIO-
BaHH:" 33/IaHOI CTPYKTYPH KOH/IEHCATIB.

VY aKoCTi 10/JaTKOBUX TEXHOJIOTIYHHIX TTAPAMETPIB pe-
TYJIIOBaHHS IIPOIECY OCA/PKEHHS 1 CTPYKTYPH KOH/IEHCATIiB
MO’KHA 3aCTOCOBYBATH i0HI3allilo 1TapOBOTO TOTOKY i BBe-
JIeHHI Ta3iB y BaKyyMHY KaMepy.

Temmieparypa 1oBepxHi 0Ca/PKeHHS — OJIMH 3 OCHOBHIX
TEeXHOJIOTIYHUX TTapaMeTpiB, SIKUN KOHTPOJIOE CTPYKTYPY
KOH/IEHCATIB.

[IBuakicts Bunapy 610Ky rpadiry giamerpom 70 Mm
nopisuioe 1,0—1,1 xr/rox.

Innosauitinuii acnexm ma ocnosni nepesazu
EnexTponHO-TIpOMEHEeBa TEXHOJIOTIS Bi/IPI3HAETHCS BifT ic-
HYIOYMX METOJiB /JYTOBOIO i JIA3ePHOTO BUIIAPOBYBAHHS
BYIJIEII0 HASIBHICTIO GaraTthoX MapaMerpiB TOHKOTO Pery-
JIIOBAHH: OCHOBHUX CTa/Iill IIpoIiecy BUIIApOBYBaHH:, (hop-
MYBaHHSI [1aPOBOT0 ITOTOKY 1 1Or0 KOH/IEHCAITii:
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Puc. 1. IIpukaaau ocoGIMBEX CTPYKTYP KOHIEHCATIB BYIJIEIIO:
(a) — HanotpyGKy; (6) — cdhepu.

1. Tlnomi, cepesiHix 3HAYEHD MIBUIKOCTI BUTTAPOBYBAHHS
i TemMIiepaTypu aToMiB (MOJIEKYJI), [0 BUIIAPOBYIOTh-
ca 3 moepxHi "hot pool” Bosmbppamy.

2. Temmeparypu, CKJIay i MOJIEKYJIIPHOI CTPYKTYPH T1a-
POBOTO MOTOKY MiCJs BiAOUTTS Bif HATPITHX IOBEp-
XOHb, 10HI3a11ii TaPOBOTO MOTOKY, BBEZICHHI Ta3iB i 710-
MIIIIOK HEOPTaHIYHUX i OPraHiYHNIX PEYOBMH, BKJIIOUAIO-
YH KaTa/li3aTopu POCTY MAKPOMOJIEKYJISAPHUX CTPYK-
TYp TUIIa HAHOTPYOOK, (yIepeHiB.

3. Temmeparypu moBepxHi KOHJIEHCAIlii OPIEHTOBAHOTO
MapoBOTO TIOTOKY B iHTepBaji Bifi KIMHATHUX [0
1000-1200 °C Ta BiAMOBIAHUX CTPYKTYP Bix amopd-
HUX JI0 HAHO- i MiKPO- PO3MipHUX.
byso mpomeMoHCTPOBAaHO MOKJIMBICTD OJlepsKaHHSA

MakpoMoJieKyIsipHuX (byJieperu, HaHOTPYOKM) i asMazo-

HOAIGHUX CTPYKTYP, KapOiiB Ta KOMIO3UIIHHUX MaTepi-

astiB (TIOKPUTTIB) HA IXHiil OCHOBI.
€ [0CITiIHO-TIPOMICIIOBA eJIEKTPOHHO-TIPOMEHEBA yC-

TaHoBKa MOTy:kHicTIO 250 KBT, amantoBana 10 3a3HaYeHUX

TEXHOJIOTIYHUX BapiaHTiB.

Tanys3v 3acmocyeanns
Enexrponika, onToesekTpoHika, MEIUIINHA, XiMiuHA TEXHO-
JIOTist, TPUJIAIO- 1 MATTHHOOY Iy BAHHSI.

Cmadis po3pooxu

Texnonoris i ycTaTKyBaHHS 3allaTeHTOBAHi, € BU3HAYCHA
6asza ekcrepuMeHTaIbHUX AOCAIKEeHb. MoKINBa 1eMOH-
cTparis.

Konmaxmna ingpopmauia:

MikHapoaHuii IIeHTP eJIeKTPOHHO-TIPOMEHEBUX TEXHOIOTI
[nctuTyTy enexrposBapioBanus im. €. O. [latona HAHY
VYrpaina, 03150, Kuis-150, Bys1. Topbkoro 68

KownraxtHa oco6a: Kocrsintun SIkoBuyk

Texn.: 044 289-2176; Maxc: 044 287-3166

E-mail: yakovchuk@paton-icebt kiev.ua
http://www.paton-icebt.kiev.ua
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