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'"Introduction

Temperature of process as well as rates of
reactants heating and products cooling play
important role in pyrolytic method of carbon
nanotubes synthesis [1]. Previously we proposed
and successfully tested the method of obtaining
carbon nanostructural materials (nanotubes and
nanofibers) by extremely rapid heating of organic
compound vapors. Ethanol and its mixtures with
water, glycerole and ferrocene are used as starting
reagents [2]. Number of latest publications also
regard ethanol as promising reactant for carbon
nanotubes  production [3,4]. In particular,
nanotubes without impurities were obtained by
catalytic pyrolysis of ethanol vapors. Authors
explain this fact as etching action of OH radicals
with respect to noncrystalline carbon species [4].
In present work we investigate possibilities of the
method of extremely quick heating of ethanol
vapor for purposes of catalytic and noncatalytic
synthesis of carbon nanostructural materials.

Results and discussion

Experiments were carried out on the setup
described in [2]. Setup include resistant graphite
heater placed inside the reactor space and served to
heat a reaction mixture The heater temperature
varied from 1000 to 2000°C. Super-fast heating of
reagent vapors was achieved by placing a specially
cooled reagent source close to the heater. . The
reagent was ethanol or its mixtures with water and
glycerol. Some other carbon containing liquids are
used also in special experiments.

Three directions of synthesis of carbon
nanostructural materials were investigated:

- selective deposition of carbon nanotubes and
nanofibers on substrate covered by catalyst;

- nonselective  deposition of  carbon
nanomaterials with catalyst introduced into
reaction gas mixture;

- nonselective  deposition of  carbon

nanomaterials without catalyst.

Thin films of various metals 100 — 200 A thick
deposited by thermal evaporation in vacuum
chamber were used as catalyst on the substrate.
Own metals surfaces and pyrolyzed salts of metals
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(nitrates and acetates) on the porous surface served
as catalyst also. As a rule, substrate located under
heater during the process of selective deposition.

Ethanol solution of ferrocene was used for
nonselective catalytic deposition of carbon
nanomaterials. Products of nonselective synthesis
deposited on the substrate located over the heater.

The products of pyrolysis were analyzed by
differential thermal analysis (DTA), X-ray
diffraction methods, and scanning and
transmission electron microscopies.

SEM studies of the deposits on graphite
substrates without catalyst provide that they
had a fiber-like structure. The nanofibers are as
long as several tens of microns, depending on
the process duration. An approximate rate of
fiber growth was 1 — 3 p m/min. In some
cases, a secondary nanofiber growth was
observed, producing garland-like structures.

Transmission electron microscopy was used
to study the structure of nanomaterials in
grater detail. It was found that samples could
consist both of nanotubes and nanofibers. The
fiber thickness varied in the range
30 — 150 nm. The nanotubes synthesized had
bamboo-like and fish-bone structures. The
outer diameter of the tubes was 20 — 50 nm.
Note that electron microscopy studies of the
deposits showed that they did not contain
products of non-fiber nature that agreed with
data [4]. Deposit with “coral-like” structure was
obtained when silicon wafer over heater was used.

The introduction of catalyst vapors
(ferrocene) into the reaction mixture caused
changes in the deposit structure. In particular,
nanoparticles of metallic iron with same
diameter were observed at the end of fibers.

A selective deposition of carbon nanomaterials
was observed on the substrate arias covered with
the catalyst, while uncoated substrate surface
remained clear. It was shown that in the same
conditions growth rate and morphology of carbon
nanodeposit depended on catalyst nature.
Moreover, for nickel for example, when one metal



is used as catalyst its catalytic activity (structure
and growth rate of nanotubes and nanofibers)
depends strongly on procedure of preparation.

Reducing the substrate temperature in the
process of selective deposition of carbon
nanomaterials is important task. Particularities of
this process are studied in present work depending
on heater and substrate temperatures. It is shown
that the method of extremely quick heating of
ethanol vapor allows to selective deposition carbon
nanomaterials on substrate with temperature below
500°C. This result allowed us to use aluminum and
glass as substrates for selective deposition of
carbon nanomaterials.

Present work had financial support in the frame
of program Russian Academy of Science
“Fundamental problems of physics and chemistry
of nanodimensional systems and nanomaterials”.

Conclusions

The investigation demonstrated that the
method of extremely rapid heating of ethanol
vapors can be used for:
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- synthesis of carbon nanostructural materials
both with and without catalyst;

- selective growth of carbon nanotubes and
nanofibers on the substrate with temperature below
500°C.
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CEJIEKTUBHOE N HECEJIEKTUBHOE OCAKJIAEHUE YIVIEPOJAHBIX
HAHOMATEPHAJIOB METOAOM CBEPXBBICTPOI'O
HAT'PEBA ITAPOB 3TAHOJIA
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’Benenne

TemnepaTypa npoBeneHHUs Mpolecca, a TaKKe
CKOpOCTb HarpeBa HCXOJHBIX pEareHToOB |
OXJIAXKACHUS NPOTYKTOB WIPAIOT CYHIECTBEHHYIO
pOJIb PU MHUPOIUTHYECKOM CHUHTE3€ YIIEPOIHBIX
HaHOTpYOOK [1]. Panee HamMu OBLT TpeIOKEH U
YCIEIIHO  anpoOMpOBaH  METOX  IOJIyYeHHs
YIJEPOAHBIX  HAHOCTPYKTYpHBIX  MaTepHaJIOB
(HaHoTpyOOK u HaHOBOJIOKOH) yTeM
CBEpXOBICTPOTO HAarpeBa IapoB OPraHUYECKUX
COCIMHEHUH JO BBICOKOW TeMmmepaTrypel. B
KauecTBE MHCXOJHOIO peareHTa HCIOIb30BaICA

9TaHON, a TakXke CMECH DJTaHolla C BOJIOH,
mminepuHoM W ¢epporieHom  [2]. B psge
MyONMKAIWii  TOCIAEAHUX JIET 93TAHON TaKXKe

paccMaTpuBaeTcsl Kak IEPCIEKTUBHBIN peareHT
JUISI CWHTE3a YTJIEPOJHBIX HaHOTPyOok [3,4]. B
YaCTHOCTH, OTMEYAaeTCs, 4YTO KaTaJHTUYECKUM
MUPOJTU30M 3TAaHONA MOTYT OBITh IOJYYCHBI
HAaHOTPYOKHM TNPAaKTUYECKH HE  COAEpKallue
npuMeceid. ABTOPHI CBSI3BIBAIOT 3TO C TPaBSIIUM
neiicteueM OH pagukanoB 1Mo OTHOLICHUIO K
HeKpHUcTauImdeckuMm ¢opmam yriepona [4]. B
HaCTOSIIEH pabore HaMu HCCIIEIOBAHBI
BO3MOXHOCTH METOJMKH CBEPXOBICTPOTO Harpesa
mapoB  dTaHoNa Il KaTalWTHYECKOTO H
HEKaTaJIUTH4ECKOTO CHHTE3a YIJIEPOJHBIX
HAaHOCTPYKTYPHBIX MaTE€PHAaJIOB.
Pe3yabTaThl 1 00CyxK1eHHe

OKCIEpUMEHTHl MPOBOIWIMCH Ha YCTaHOBKE,
ommcaHHoOW B pabotre [2]. Harper pearenra
OCYWIECTBISICS. C  TOMOUIBIO  PE3UCTHBHOTO
rpauTOBOrO HarpeBaTels, IOMELICHHOTO BHYTPH
peakxropa. Temmepatypa HarpeBaTess
BapbupoBanachk B nuamnazone 1000 - 2000°C. Hns
JNOCTHXKEHUSI MaKCHMAJIBHO BBICOKOW CKOPOCTH
HarpeBa  MapoB  peareHTa  MPUHYIUTEIHHO
OXJIAKJACMbIi ~ MCTOYHHK  pacrmoyiarajicsi B
HEIIOCPEICTBEHHON OJMM30CTH OT HarpeBaTens. B
KayecTBe peareHTa MWCIIOJIb30BajlCsS JSTaHOd, a
TaKKe ero CMeCH C BOJOH, IIHUepuHOM. B
OTAEJBHBIX IKCIIEPUMEHTAX HCIIOIb30BAIHN APYyTHE
YTIePOICOAepIKaIINeE JIETyUre KUIKOCTH.
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IIponecc HOJTYyYEHUS YIJIEPOIHBIX
HAaHOCTPYKTYpPHBIX MaTepHajoB HCCIENOBaICA B
TpeX BapHaHTax:

- CEJIEKTUBHOE  OC@KICHUS  YIJIEPOIHBIX
HAaHOTPYOOK W HAHOBOJIOKOH Ha TOAJOXKKY C
HaHECEHHBIM KaTaJIn3aTOPOM;

- HECEIEKTUBHOE OCAXKACHHE YIJICPOIHBIX
HAaHOMATEPHAIOB c HCIOJIb30BaHHEM
KaTaln3aTopa, BBEICHHOTO B  PEaKIMOHHYIO
ra3oByIO Cpemy;

- HECEJIEKTUBHOE OCAXJACHHE YTIIEPOIHBIX
HaHOMAaTEpHaIOB oe3 UCTIOJIb30BaHUS
KaTaJn3aTopa.

B xadectBe KaTamM3aTOPOB Ha IOJIOXKKE
WCIIONB30BAIM IUIEHKH METAJUIOB, OCaXKJCHHbBIE
METOJIOM BaKyyMHOT'O HCHAapeHUs, MOBEPXHOCTH
caMHX METaUIOB, a TakXe COJIH MEeTaJUIoB
(auTpatbl, areraTsl), HaHECEHHBIE HA IOPHUCTYIO
MOBEPXHOCTh M 3aTeM NHPOJu30BaHHbIE. [lpm
CEIIEKTUBHOM OCaXICHUN YTIEPOITHBIX
HaHOMAaTEepHUaJoOB MOJJIOXKKA pacrojiaraiach, Kak
MIPaBWJIIO, MOJT HATpeBaTeeM. [[isi HeceeKTHBHOTO
KaTaJIUTHIECKOTO CUHTE3a YTIEPOIHBIX
HaHOMAaTEepHaJIOB WCTIOTIB30BAIIN pacTBOpPHI
tdepporiena B dTaHoie. Bo BTOpOM U TpeTheM
BapHaHTaX MPOBEJCHHUSI MPOIECCa CUHTE3UPYEMbIe
TIPOIYKTHI OCaKTAITNCh Ha MOITIOKKAX,
PacTOIOXKEeHHBIX Ha/l HarpeBaTeieM.

[IpoaykThl CHUHTE3a HCCIENOBAINUCH METOJIAMHU
TG hepeHITnATEHO-TEPMHYECKOTO aHanmm3a
(ITA), penrrenodazororo aHammza (PDA),
ckanupyiornieir (COM) u npocseunBatomieit (TOM)
ANIEKTPOHHON MUKPOCKOITHH.

N3yyenue ¢  TMOMONIBIO  CKaHUPYIOIIEH
3IEKTPOHHON MHKpPOCKONHHU JETO3UTOB, IMOITYyUEH-
HBIX Ha TPaUTOBBIX MOJUIOKKAX 0€3 MPUMEHEHUS
KaTtajgm3aTopa, TOKa3ajllo, YTO OHH HMEIOT
BOJIOKHUCTYIO CTPYKTYpY. [lInHAa HaHOBOJOKOH, B
3aBHCHMOCTH OT MPOJOJDKUTEIBHOCTH IpoIiecca,
MOJXKET JIOCTUTAaTh HECKOJNBKUX JECSITKOB MHUKPOH.
[IpumepHast CKOPOCTh POCTa BOJIOKOH COCTaBIISLIIA
1 — 3 MkM/MUH. B 0TIeNbHBIX Cilydasx B MpoLecce
CUHTE3a HaOIoHaCs BTOPUYHBIH poct
HAaHOBOJIOKOH, TMPHUBOIAIMNNA K 0Opa30BaHHUIO
CTPYKTYP THIIA «THPJISTHIA».



boree moapoOHOE W3ydYeHHE ~ CTPYKTYpHI
MOJIYYCHHBIX ~ MAaTEpPHAJIOB C  TMOMOIUIbIO
MIPOCBEUUBAIOIICH  AIEKTPOHHOM  MUKPOCKOIHH

MTOKa3aJI0, 94TO OOpas3Ibl MOTYT COCTOSITh KakK W3
HAHOBOJIOKOH, Tak W M3 HaHOTpyOok. TommunHa
BOJIOKOH KoJieOnercs B nuana3one 30 — 150 Hm.
CuHTe3WpOBaHHBIE HAHOTPYOKHM OTHOCSITCA K
CTPYKTYPHBIM THIIaM «0aMOYK» U «PBIObS KOCTBY.
Buemnuit JIUAMETP TpyOOK COCTaBJIsI€T
20 — 50 uM. Cnexgyer OTMETUTD, YTO BJIEKTPOHHO-
MHUKPOCKOITUMYECKOE MCCIIEZIOBaHNE JETIO3UTOB TIO-

Kasajo  MPaKTHYECKOE  OTCYTCTBHE B HHUX
NPOAYKTOB  HEBOJIOKHUCTOM  MPHUPOJABI,  YTO
cormacyercs ¢ JaHHeIMH pabotel  [4]. Tlpm
HCITOJIB30BAHUU KPEMHUECBLIX IMOJJIOXKCK,

pacIoyoKeHHBIX Hajl HarpeBaTesieM, HaOJI0Aa10Ch
OCaKJCHUE JIeTIO3UTA, HMEIOIIETO
«KOPAJIOBUIHYIO» CTPYKTYDY.

BBenenue napoB katanuzaropa (QeppoueHa) B
PEaKIMOHHYIO cMech MIPUBOIUIIO K
OIIpEICIICHHOMY M3MEHEHHUIO CTPYKTYpPHI
Jeno3uTa. B yacTHOCTH, Ha KOHILIAX OTIEJIBHBIX
BOJIOKOH OTYETJIMBO HaOMIONAIMCh HAHOYACTHIIBI
METAJUIMYECKOTO  JKeJIe3a,  COOTBETCTBYIOLIHE
J1aMeTpy BOJOKOH.

[Iporecc ceneKTUBHOTO OCaXKACHMSI MO3BOJISAET
ocakgaTb  YIVIEpOJHBIE  HaHOMarepuanbl B
00JIACTSIX TOJUIOKKHU, MOKPBITBIX KaTalU3aTOPOM,
TOrla KaKk HEMOKpPHITHIE OONacTH  OCTaloTCA
yucTeiMU.  MccnenoBanume mokaszajgo, 4YTO B
OJMHAKOBBIX  yCIJIOBUSX CKOpPOCTb POCTa U
MOP}OJIOTHs YIIIEPOIHOTO HAHOJETO3UTa 3aBUCHUT
OT IpupoAbl KaTanuzartopa. Ha mpumepe Hukens
[IOKA3aHO, YTO JIaXKe B ClIyyae IPUMEHEHUS OJHOTO
U TOTO K€ MeTaja KaTalIUTH4ecKas aKTHBHOCTh
(cTpykTypa M CKOpPOCTH pPOCTa HAHOBOJIOKOH U

HaHOTPYOOK) CHJIBHO 3aBHCHT OT Cloco0a
MIPUTOTOBJICHUS KaTaln3aTopa.

CHWXeHHe TeMmIepaTypbl TOMJIOXKKH TpH
CEJICKTUBHOM OCaKICHUN YTJIEPOTHBIX
HaHOMAaTEPHAIIOB SBIISACTCS OJTHOM u3
MEPCIEeKTUBHBIX 3afad. B Hacrosmeil padote
M3y4eHBl OCOOCHHOCTH 3TOrO  Ipolecca B
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3aBUCHMOCTH OT TEMIIEpaTyp HarpeBareiass u
noaoxku. [TokazaHo, YTO METOJ CBEPXOBICTPOrO
HarpeBa MapoB pearcHTa I03BOJIIET IMPOBOJUTH
CEJIEKTUBHOE OCaXKIeHIe YIJIEPOIHBIX
HaHOMAaTEpHUaJIOB Ha IMOJJIOXKKY, HArpeTyI HIDKE
500°C. 910 00CTOATENLCTBO I103BOJIAJIO
HCIONIL30BAaTE B KA4EeCTBE  IOJIOKEK  JIJIA
CEJIEKTUBHOI'O OCAXIECHUS AIFOMUHUN U CTEKIIO.

JononauTensHoe (UHAHCHUPOBaHUE PabOTHI
OCYILIECTBISUIOCH IO MPOEKTYy  MPOrpamMMbI
(hyHIaMEeHTaITbHBIX HUCCIIEIOBAHNI PAH

«DyHnamMeHTaTbHBIE TPOOIEMBI (DU3UKH U XUMHH
HAaHOPa3MEPHBIX CUCTEM U HAHOMATEPHUAJIOB.
BrIBOaBI

IlpoBenenHoe wucciaegOBaHUE MOKa3alo, 4YTO
MpeaiaraeMbplii  METOJ] CBEPXOBICTPOTO Harpena
MapoB 3TaHOJa NO3BOJISET:

- TOJIy4aThb YIJIEPOJHBIE HAHOCTPYKTYpPHbBIE
MaTepHaibl KaK C HCIOJIh30BaHHWEM, Tak u 0e3
HCIMOJIb30BaHUs KaTaau3aTopa;

- CEJICKTHBHO oCaXIaTh YIJIEPOJHBIE
HAaHOTPYOKM M HAHOBOJIOKHA Ha IOJIOKKY IIPH

temmeparype Hwke S00°C.
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