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INTRODUCTION

The most widely used method for SWNT syn-
thesis is the electric arc co-evaporation of graphite
and metal catalysts [1, 2]. However, the optimal
catalytic systems for SWNT synthesis are not de-
termined so far as well as methods of their purifi-
cation and attestation are not standartized. In the
present paper we present the results on SWNT syn-
thesis using novel catalytic systems — Ni-Y alloys
and discuss new approaches toward purification
and attestation of SWNT.

RESULTS AND DISCUSSION

For the synthesis of SWNT in the direct cur-
rent arc graphite rods J8x155 mm were used with
a drilled bore @4x145 mm, filled by the mixture of
powders of graphite and a catalyst. As a catalyst
the mixtures of powders of nickel and yttrium hy-
dride 4Ni/YH; were used as well as the hydroge-
nized alloys NizYHz, Ni3YH2, Ni7Y2H2. The
amount of the catalyst was adjusted so to give the
yttrium contents in the anode equal to 1 at.%. Ex-
periments were carried out at the helium pressure
of 500 Torr and the current of 90 A. Interelectrode
distance was maintained in the range of 1-2 mm.
Since the use of YH; sometimes leads to destruc-
tion of an electrode because of emission of high
amount of hydrogen, the electrode was previously
subjected to dehydrogenation by heating in vac-
uum at 400°C. Before filling of the reactor with he-
lium the metal-graphite rods were hold down to
cathode and resistively heated up to ~1000°C at
evacuation down to 102 Torr.

The amount of SWNT in the samples were as-
sessed using the data of their complex study by the
methods of electron microscopy, oxidative ther-
mogravimetry, IR and Raman spectroscopy, mag-
netometry, chemical and X-ray diffraction analy-
ses. The SWNT diameters were determined with
the help of Raman spectra by the formula
d (nm) = 223.75/v (cm "), where v—the position of
the maximum in the region of "breathing
mode" [2].

During the synthesis the so called "collar"
soot is formed around the cathode. Its amount is 4—
5% of the mass of the evaporated anode. The
SWNT contents in this soot ranges from 30 to
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70 mass % depending on the soot location in the
reactor. The amount of the soot on the walls of the
reactor is 12-16% of the anode mass, the SWNT
contents in the soot ~10%.

Experiments, carried out with the use of pow-
ders of hydrogenized alloys Ni,YH,, Ni;YH,,
Ni;Y,H,, show that the arc burnes stable and uni-
formly, the SWNT yield being essentially higher
than that in the case of Ni/Y mixtures, and increas-
ing with the increase of Ni contents in the alloy.

The Raman spectrum of "collar" soot pro-
duced with the use of Ni,YH, is shown on the
fig.1. It evidences the presence of SWNT with the
diameters 1.20, 1.28, 1.35, 1.47 and 1.62 nm.
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Fig.1. Raman spectrum of the "collar" soot, pro-
duced with the use of Ni, YH..

These data help to determine the types of
SWNT formed (fig.2).
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Fig.2. Indices of SWNT produced with the use of
Ni, YHo,.



The toluene extraction of the soots produced
with the use of Ni,YH, showed the presence of
fullerenes in the "wall" soot (~1%) and in the "col-
lar" one (~0.1%). This is essentially lower than that
in the case of the use of the -catalysts
Co-Ni (~10 mass %) [2]. This allows one to sub-
stantially simplify the purification procedure of
SWNT, as the removal of fullerenes is not neces-
sary yet. For dissolution of metal particles the soot
was treated with concentrated hydrochloric acid at
85-90°C. To oxidize and remove amorphous car-
bon it was heated under air. This procedure was
multiply repeated, the heating temperature gradu-
ally rising from 300 to 500°C (fig.3).
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Fig. 3. SWNT purification scheme.

This enrichment scheme allows one to obtain
SWNT of the purity of 50-75% depending on the
number of purification stages. In the fig.4 the nor-
malized UV spectra of the "wall" soot obtained at
various purification stages. One can see that with
the increase of the number of purification stages
the absorbance due to the presence of SWNT in the
sample increases.

Absorbance

0,0 =
600

1 T
800 1000

Wavelength, nm
Fig. 4. UV spectra of SWNT suspended in 0.05%
water solution of CTAB: / — initial "wall" soot, 2 —
after 2 purification stages, 3 — after 5 purification
stages.

The data of the electron microscopy and oxi-
dative thermogravimetry of one of the purified
samples are shown on the figures 5 and 6. An as-
sessment obtained with the use of these data as
well as with the account for the data of the other
methods listed above allows us to assert, that in the
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studied sample the SWNT contents is in the range
70—-80 mass %.
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Fig. 5. Micrograph of purified SWNT.
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Fig.6. Oxidative thermogram of enriched SWNT.
CONCLUSIONS

1. The new catalytic systems for the electric
arc synthesis of SWNT are proposed. These sys-
tems are hydrogenized alloys of nickel and yttrium.

2. It was ascertained that the SWNT yield
rises in the sequence: Ni,YH,, Ni;YH,, Ni;Y,H,.

3. The scheme of SWNT purification and en-
richment is developed.

4. The set of the methods of SWNT attestation
is proposed.
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JEKTPOJIYTOBOM CUHTE3 YIJIEPOJHBIX OJHOCTEHHBIX
HAHOTPYBOK C IPUMEHEHHUEM CIIVIABOB HUKEJISA C UTTPUEM
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BBEJEHHUE

Haubonee pacnpocTpaHeHHBIM METOJOM TIO-
Jy4YeHHs YTIEPOTHBIX OJHOCTEHHBIX HaHOTPYOOK
(OHT) sBnsieTcs 37€KTPOAYTOBOE HMCIIapeHHe Tpa-
(uTa B MPUCYTCTBUHM METAIUTMYSCKUX KaTaIH3aTo-
poB [1, 2]. OgHako A0 cHX TOp HE OMpPEACIICHBI
HanOoJiee ONTUMAIBHBIC KATAIUTHYECKHUE CHUCTE-
mbl Juist cuaTe3a OHT u ctanmapTu3upoBaHbl Me-
TOIWKHA WX OYHCTKH M aTTecTanud. B maHHOM co-
OOIIeHNN TPEeCTaBIeHBl PE3YyIbTATHI 10 CHHTE3Y
OHT c¢ npuMeHeHHEM HOBBIX KaTaJUTHUYECKUX
cucreM — crutaBoB Ni ¢ Y, U 00CyXIIeHbl HOBBIE
moaxo eI o ouncTke u arrectaiuu OHT.

PE3YJIbTATHBI U OBCYKJIEHUE

Jnst cunteza OHT B myroBoMm paspsize mocTo-
SSHHOTO TOKa OBUIM WCIIOJIL30BaHBI TpadUTOBEIE
cTepkHU J8X155 MM ¢ BBICBEpJICHHBIM KaHAJIOM
D4x145 MM, 3amoTHEHHBIE CMECHIO MOPOLIKOB
rpadura ¢ KatanuzaTopoMm. B kauectBe karanusa-
TOpa WCIOJH30BAJIM CMECH MOPOIIKOB HHKENIS U
rugpuaa uttpus 4Ni/YH;, a Taxke ruapupoBaH-
mele cmiaBel Ni,YH,, Ni;YH,, Ni;Y,H,. Konnue-
CTBO KaTaJi3aTopa TMOIOWpaTl TaKUM 00pa3om,
YTOOBI CO/Eep)KaHUE WUTTPUS B AHOJE COCTABIISIO
1 ar.%. DKciepuMEHTHI IPOBOJWIN NIPU JABICHUU
rexust 500 Topp u cuiie Toka 90 A. MexanekTpo-
HOE pAacCTOSHHE MOANEPKUBAIOCH B TIpeaerax
1-2 mm. Hcnons3oBanue Y H; nHOr1a mpuBOIuiIo K
paspyLICHUIO 3JIEKTPOJa M3-3a BbIICJIEHHUS OO0JIb-
IOT0  KOJMYECTBAa BOJOpOJA, IO3TOMY €ro
JETUAPUPOBAIM IMyTEM NPOTpeBaHHUS B BaKyyMe
npu 400°C. Ilepen 3amonHeHUEM peakTopa reuemM
METaUI-TPa(UTOBbIE  CTEP)KHH MPIDKUMATH K
KaToay M pe3ucTuBHO Harpesanu a0 ~1000°C npu
Bakyymupoauuu 10 107 Topp.

KommaectBo OHT B oOpasiiax omeHWBaIA I10
JaHHBIM HMX KOMIUIEKCHOTO MCCJIEOBaHHUA METO-
JaMH 3JIEKTPOHHONH MHUKPOCKOIINHU, OKUCIUTEIBHON
tepMmorpaBumerpun, KP- u Y®-cnekrpockonuu,
MarHeTOMeTpHUH, XUMHYECKOI0 M peHTreHodaso-
Boro ananmusa. Juametpsl OHT omnpepensiu u3
criekpoB KP 1o popmyie d (nm)=223.75/v (ecm ™),
I7ie v — MOJIOKEHHE MakcuMyMa B objactu "apIxa-
TelbHOU MOJbI" [2].

B mporecce cuHTe3a BOKpYr Karozxa obpasy-
eTcsi "BOPOTHHKOBas" caka, KOJIHMYECTBO KOTOPOM
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cocraBisier 4-5% oOT Beca HCIApPEHHOrO aHOoJa.
Conmepxxanne OHT B Heit koxnebnercs ot 30 mo
70 macc.% B 3aBHCHMOCTH OT PACIOJIOXKEHHS B pe-
akrope. KonndyecTBo caxu Ha CTEHKax peakTopa
cocraBisieT 12-16% oT Beca aHoAa, a cozepKaHue
OHT B caxe ~10%.

OKCIepUMEHTBHI, IPOBEJCHHbBIE C IPHMEHEHH-
€M TIOPOILKOB THIAPUPOBAHHBIX criaBoB Ni;YH,,
NisYH,, Ni;Y,H,, nokaspiBaioT cTaOWIbHOE H
paBHOMepHOe ropeHue Ayru. Ilpu 3ToM BBIXOJ
OHT cymecTBEeHHO BBILIE, YEM TNPH HUCIOJIB30Ba-
HuU cMecedt Ni ¢ Y, ¥ TIOBBIIIAETCS C yBEIUYCHU-
€M KOJIMYECTBA HUKEIIA B CILJIABE.

IIpusenennsiit Ha puc.l KP-cmextp "BoOpoT-
HUKOBOW" caxu, nonydeHHoii ¢ Ni,YH,, cBuue-
TeascTBYeT o mpucytcTBun OHT ¢ mmamerpamu
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Puc.1. KP-cnektp "BOPOTHUKOBOU" Caku, MOJY-
YEeHHOM ¢ Ucmoib3oBanueM Ni, Y H,.
W3 3TuUX HaHHBIX MOXKHO ONPENCIUTH THIIBI
obpaszyromuxcst OHT (puc.2).
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Puc.2. Uanexcst OHT, nony4eHHBIX C UCIOIB30-
BanneM Ni, YH,.



OKCTpakLusl TOJIYOJIOM CaX, IOJIyYEHHBIX C
npumerenuem Ni, YH,, nokasana Hanuuue B "mpu-
creHouHOH" caxke ~1% QymnnepeHoB u B "BOPOT-
HHUKOBOU" caxke ~0.1%, 94TO CyIIeCTBEHHO MEHBIIIE,
4eM TIpU HCIoJb30BaHMH Katanu3aTopoB Co-Ni
(~10 macc.%) [2]. DTO mO3BOJSIET CYIIECTBEHHO
ynpoctuTh npoueaypy ouuctku OHT, mockonbky
OTIMalaeT HEOOXOAMMOCTh YIOAICHHUS (YIUICPCHOB.
Jia pacTBOpeHHs METAJUIMYECKUX YaCTHUI] Caxy
00pabaTeiBaIl KOHLIEHTPHUPOBAHHON COJITHOW KH-
cnoroit mpu 85-90°C, a mist OKUCIICHHUS W yIaie-
HUSL aMOp(HOTO YIIIepoJia HarpeBalld Ha BO3/IyXe.
Takyio npoueaypy MOBTOPSUIM MHOTOKPATHO, IIO-
CTEIEHHO MOBBIIIAs TeMiepaTypy otxkura ¢ 300 oo
500°C (puc.3).
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Puc.3. Cxema nporecca ounctku OHT.

Takast cxema o0OraiieHuss B 3aBUCUMOCTH OT
yucna craauii mo3Bosger noinydate OHT uwmcro-
toil 50-75%. Ha puc.4 mpencraBieHbl HOPMHPO-
BaHHbIE Y ®-CHEKTphl "NPUCTECHOUHOU" CakW Ha
pPa3HBIX CTATUAX OYHCTKU. BuaHO, 4TO C yBemmue-
HUEM 4HCJIa CTaIuil pacTeT MHTEHCHUBHOCThH IIO-
TJIOMIeHMS, O0YCIIOBJICHHAS TPHUCYTCTBHEM B 00-
pasue OHT.
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Puc.4. Y®-cnekrpsl cycnensuii B 0.05%-HoMm Box-
HOM pactBope LITAB: 1 — ucxonHas "mpucCTeHOY-
Hasa" caxka, 2 — mmociie 2 cTagun OYMCTKH, 3 — ITOCIIE
5 cTaguy OYUCTKH.

Ha puc. 5 u 6 npuBenensr Mukpodororpadpus
U OKUCIUTEJbHAS TEpPMOrpaMMma OJHOTO W3 OYH-
MEHHBIX 00pa3ioB. OIeHKa, MPOBEICHHAs Ha OC-
HOBAHUU HTUX PUCYHKOB C YYETOM JAHHBIX APYIUX
BBINICMIEPCYUCICHHBIX METO/IOB, TO3BOJIAET HaM
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YTBEpKJaTh, YTO B U3yUYSHHOM 00pasiie cojepika-
nue OHT maxomgutcs B penenax 70-80 macc.%.
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Puc.5. Mukpodotorpadus ounmmenasix OHT.
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Puc.6. Tepmorpamma OKUCIIEHHS 00OTAIICHHBIX
OHT.

BbIBO/JbI

1. ITpensioxkeHbl HOBbIE KaTAJIUTUUYECKUE CHUC-
TeMBI i nekTpoayrosoro cuaTe3a OHT — run-
pUpOBaHHbBIC CIUIABBI HUKEINS U UTTPHUSL.

2. YCTaHOBJIEHO, YTO BBIXOJ HaHOTPYOOK TO-
BhImaetcs B psaay: Ni;YH,, NisYH,, Ni;Y,Ho.

3. Pa3paborana cxema oOoraiieHus U OYUCT-
ku OHT.

4. TlpensioxeH KOMIUIEKC METOJOB JJIsl aTTe-
cramuu OHT.

Pabora BhImoONHEHAa TpU (PUHAHCOBOW IMMOJ-
nepxke PODU, mpoextsr 02-03-33226 u 02-03-
32962.
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