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Introduction

Carbon materials are studied intensively
last time due to supposed their high hydrogen
sorption. One of the most important parameters,
characterizing properties of layer materials, is
interlayer distance. The distance between layers of
an ideal crystal (002) of graphite is known to be
0,3354 nm [ 1 ]. In the case of multi-layer carbon
nanotubes ( MLNT ) the distance between
neighboring layers is considerably more. It is
assumed to be 0,34 nm [ 2 ]. However, there are a
number of the factors, which can distort the ideal
cylindrical structure of multi-layer nanotubes.
Defects of layer (five- and seven cycles), atoms
(ions) of other elements between layers presence,
interaction of nanotubes with each other that can
be appeared to unite of them in bundles and others
are these factors. It is natural also to think that
addition of metal atoms into interlayer space or
into the tubes can have influence on their sorption
characteristics.

In the present work we put the aim to study
XRD patterns of deposits, formed in electric arc
sputtering of Zr-M-graphite electrodes, where M —
is metal of 3B group (or 3d metal). Deposit-a-
growth of cylindrical shape on the cathode is called
simply deposit in the thesis. Deposit is known to
consist of MLNTs mainly. Addition into the anode
composition such metal, as zirconium, was caused
by its ability to form carbide, which due to its high
temperature of fusion ( 3420 C [ 3,4 ] ) can
modify composition of the deposit, formed at high
enough temperature (more than 2000 C). Addition
of a second metallic component according to the
our initial intention had the aim to test possibility
of more soft dopping of deposit and multi-layer
nanotubes as a consequence too. The principle
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parameter, which we were interested in first, is
interlayer distance in MLNT, which is easy
calculated from XRD patterns [ 5,6 ]. It was
interested to get information about the structure of
metallic components in deposit too.

Results

The large part of deposit is formed at high
temperature. However, if the deposit sizes are big
enough, temperature along outer surface of it can
differ considerably. A part of deposit, existed close
to the space between electrodes, has got maximal
values of temperature ( 2000-3000 C), and a part of
deposit formed at the beginning of the process —
minimal values. The temperature of this part does
not exceed 600 C for deposits with length of 5 cm
and more. This conclusion could be done course of
this part was dark (did not shine) in the process of
sputtering. According to these observations inner
part of deposit is formed by the material with high
temperature of fusion, while more low temperature
melting materials can deposit on outer surface
which is gradually quenched.

This point of view is confirmed by the fact
that we did not find the presence of easy melting
copper and manganese in XRD patterns. At that

time the rest metals with tg, =>1450 C are

presented in deposit as little metallic particles.

It has to note that the presence in the
sputtering electrode of metals, which do not
produce high temperature melting carbides, leads
to particles of zirconium carbide in the deposit to
grow of more large sizes. At last, varying of
the sputtering anode composition, described in the
report, has a weak influence on interlayer distance
of multi wall nanotubes, presented in deposit.



Table 1. Synthesis parameters

Relation of Regime speed of Deposit,%

Ne / Catalyst catalyst % catalyst cathode mas.of

No. components moving, anode mass
U L mm/min
B A

1. Zr+Ti 1:1 2+4 35 | 180 1,45 50,0

2. Zr + Mn 1:1 2+4 36 | 175 1,49 49,2

3. Zr + Fe 1:1 2+4 33 | 185 1,72 14,7

4. Zr+ Co 1:1 2+4 35 | 180 1,70 40,1

5. Zr + Ni 4:1 2+4 35 | 170 1,65 63,9

6. Zr+ Cu 1:1 2+4 34 | 175 1,73 55,1

Table 2. Interlayer distance, d ,, ; overage sizes of MLNT, D, ; lattice parameter, a ,; particle size of

ZrC, D,, and fusion temperature of 3d metal. d ,,, values with index m were determined by the

peak (002) maximum position, and that with index c¢g - by the center of gravity of the peak.

Particle .
Ne / Catalyst doo2", doo™", Dyo2, Lattice parameter, size of Fusion
No. HM HM HM of ZrC, um ZrC temperature of
’ ’ 3d metal, °C
pm
7. Zr+ Ti 0.3427 | 0.3431 15.7 0.4709 27 1668
8. Zr + Mn 0.3423 | 0.3424 12.8 0.4702 85 1245
9. Zr + Fe 0.3436 | 0.3429 15.1 0.4703 56 1539
10. 7Zr+ Co 0.3431 | 0.3427 15.8 0.4703 57 1492
11. Zr +Ni 0.3427 | 0.3417 16.8 0.4702 61 1452
12. Zr+Cu 0.3421 | 0.3424 16.9 0.4701 51 1083
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Beenenne

Yrnepoansie HaHOMaTePHaITbI B
mocieaHee  Bpemss  Bce  Ooyiee  aKTHUBHO
HCCIENYIOTCS B CBSI3M C HMX MpEAroyiaraeMoi
BBICOKOH  BOJIOPOJOCOPOIIMOHHON  €MKOCTBIO.
OmanM w3 Hamboyiee BaXKHBIX IapaMETPOB,
XapaKkTepU3YIOIIUX CBOHCTBO CIOMCTBIX MaTepHa-
JIOB,  SIBISIETCS ~ MEXKCIIOEBOE  PacCTOSHUE.
W3BectHo (cM., Hampumep, [1]), 9TO paccrosHUE
mexnay ciuosmu (002) B upeanbHOM KpUCTalie
rpapura cocraBuser 0.3354 um. B cmyuae
YIJIEPOIHBIX MHOTOCTEHHBIX HaHOTPYOOK (MCHT)
paccTosiHUEe MEXIy COCETHHMH CIIOSMH 3aMETHO
Oospre. [IpuHATO cunTaTh, 4TO OHO OMK3KO K 0.34
HM [2]. CymecTtByeT, OIHAKO, LEIbIA psf
(hakTOpOB, KOTOpPBIE MOTYT MCKaXKaTh HICATBHYIO
UWINHAPHYECKYIO  CTPYKTYPY  MHOTOCIOMHBIX
HaHOTpyOOok. K Takum akTopam oOTHOCSITCA
nedeKTHl B mpeaenax cios (MSITH- ¥ CEMUWUICHHBIE
LUKJIBI), HaJlu4ue aTroMoB (MOHOB) JAPYTUX
JJIEMEHTOB MEXIY CIJIOSIMH, B3aMMOJEHCTBHUE
TPyOOK ApPYyT C APYrOM, YTO MOXET MPOSIBUTHCA
MpU UX OObEANHEHHUH B ITyYKH, U T.I. EcTecTBEHHO
TakKe JymaTh, 4YTO BBEJACHHE MeTallla B
MPOCTPAHCTBO MEXIy TpPyOKaMu WIU BHYTpPb
TpyOOK MOXKET TOBIUATH HA HX COPOITMOHHBIE

XapaKTEPUCTUKH.
B Hacrosmielr pabote Mbl ITOCTaBHUIIN IIETh
W3YYHTH PEHTTEHOBCKHE I pPaKTOrpaMMBbI

JIETI03UTOB, 00Pa3yIOIIUXCs IPU NIEKTPOAYTOBOM
pacmbuieHnd Zr-M-TpauTOBBIX 3JIEKTPOIOB, T
M — wmeramn 3d-rpynmel. B Hacrosmei pabote

JIETIO3UTOM  HA3BIBACTCS  HAPOCT  «IWIUHAPU-
yeckoi» ¢opmbl Ha Kartone. Kak uW3BecTHO,
IENO3UT cocTouT B ocHoBHOM w3 MCHT.

BBenenne B coctaB aHoza Takoro MeTayia, Kak
LMPKOHHUH, OO 00YCIOBIEHO TEM, YTO OH MOXKET
00pa3oBBIBaTh KapOWJ, KOTOPBI BBHUIY CBOEH
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tyromiaskoct (3420 °C cormacHo [3, 4]), MoxkeT
MOAU(HUITIPOBATE EMO3UT, HOPMUPYIOITHICS TIPH
JI0CTATOYHO BBICOKON Temmeparype (6onee 2000°
O). BBenenue BTOPOTO METATIINYECKOTO
KOMIIOHEHTa [0 HallleMy MepPBOHAYAIBHOMY
3aMBICITy TIPECIEOBAIO IIelb MPOBEPKH BO3MOXK-
HOCTU 0OJiee MSITKOTO JOMUPOBAHUS JICMIO3UTA H,
CJIEJIOBATENhHO, MHOTOCIIOMHBIX HaHOTOPYOOK.
OcHOBHOW TIapaMeTp, KOTOPHINA, HAC MHTEPECOBAI
MpEeXIE BCEro, - 9TO MEXKCIOEBOE PACCTOSHHE B
MCHT, xoTopoe Jerko onpeAenseTcs ¢ TOMOIBI0
PEHTreHOBCKUX audpakTorpamm [5, 6]. HHTe-

pecHO OBIIO TaKKe TMONYYUTh CBEIEHHUS O
CTPYKType METaJUIMYECKHX  KOMIIOHEHTOB B
JCTIO3HTE.
PesyibTathl

OcHOBHas 4YacTh Aemo3uTa (HopMHUpYETCs
npu  BBICOKOW Temmepatype. OpHako, ecnu

pa3Mepsl JIeNO3WTa JIOCTaTOYHO OOJbIIHE, TO
TeMmrepaTypa BJIOJIb BHEIIHEH IWIMHIAPUYECKON
MTOBEPXHOCTH JICTIO3UTAa MOXET CYIIEeCTBEHHO
paznuuaThcs. MaKkCUMaNIbHYIO TEMIIEpaTypy HUMe-
€T Y4YacTOK BOJH3M MEXAIJIEKTPOTHOTO IIpOMeE-
xyTtka (2000-3000° C), a MUHMMAIBHYIO -
y4acToK, C(hOpMUPOBaHHBIA B Hadajie Mpolecca.
[lpu pnmuee pemo3uta 5 m Oomee Temreparypa
sroro ydactka He npesbimaer 600 ° C. Takoe
3aKJII0YEHHEe MOKHO CJIeJlaTh Ha OCHOBAaHHH TOTO
(hakTa, 4TO ITOT YYaCTOK MMEET TEMHBIH I[BET (HE
CBETUTCS) B Tmporecce pacmbuieHus. CoriacHo
9TUM H36H}O)Z[GHI/I$IM BHYTPCHHAA 4aCTh ACTIO3UTA
(hopMupyeTcs U3 TYroIiaBKOro MaTepuaa, Toraa
KaKk Ha BHEIIHEH TIOCTENEHHO OCTHIBAIOIICH
MMOBEPXHOCTH MOTYT OceaTh 00Jee JIeTKOTUIaBKHe
MaTepuabl.

[lonTBepxaeHreM TakoOH TOYKH 3pPEHHS

CIIYyKUT TO, qTo Ha PETTCHOBCKUX



mudpaKkTorpaMMax JICTIO3UTOB MBI He 00HAPY KUITH
JICTKOIUIaBKUX MEAN W MapraHua. B 10 *)e BpeMA
octaieHble Metamwisl ¢ T, > 1450 ° C
MPUCYTCTBYIOT B JICMIO3UTE B BHJE MEIKUX
METAJUTHYCCKUX YACTHIL.

Crenyer OTMETHTh, YTO TPUCYTCTBUE B
pacCHbUIIEMOM DJIEKTPOJC META/UIOB, KOTOPHIC HE
00pa3yroT TYTOIUIABKUX KapOWJOB, MPUBOIUT K

Tabmuna 1. [Tapamerpsl cuHTE3a

TOMYy, YTO YaCcTHIBl KapOwma IUPKOHHUSI B
JIETIO3UTE PaCTyT 10 O0Jiee KPYIMHBIX Pa3MEpOB.

Haxkonern, omnucaHHble B HacToOsIeH
paboTe BapHWalMHM COCTAaBa PACHBUIIEMOI0 aHOIA
c1ab0 BIHUAIOT HAa MEXKCIOCBOE pACCTOSHUE B
MHOTOCTEHHBIX YIJIEPOAHBIX HAHOTPYOKax,
MPUCYTCTBYIOIIUX B JACTIO3UTE.

CoortHo-
IIICHUE % Pexum CKopocTh Henosut, %
Neri/n. | Kartanusatop | KOMIIOHEHTOB | Karajiu3a- noja4u OT MacChI
KaTajau3aTopa Topa KaToja, pacIbLI.
[SA D A MM/MHH aHona
B A
13. Zr + Ti 1:1 2+4 35 180 1,45 50,0
14. Zr + Mn 1:1 2+4 36 175 1,49 49,2
15. Zr + Fe 1:1 2+4 33 185 1,72 14,7
16. Zr+ Co 1:1 2+4 35 180 1,70 40,1
17. Zr + Ni 4:1 2+4 35 170 1,65 63,9
18. Zr+Cu 1:1 2+4 34 175 1,73 55,1

Tabnuma 2. MexcnoeBsie pacctosHUs dggy, cpeanue pasmepbl MCHT Dy, MTOCTOSHHAs peNIeTKH s
KapOua IUPKOHUS a,, pasmep yactunl ZrC Dy, u Temneparypa minasnenus 3d-meramna. 3Hauenus dopy €
HWHAEKCOM M ONpeIeIIsUTH 110 MOJI0XKeHHI0 MakcuMyMa mika (002), a ¢ ”HAEKCOM T - TI0 MOJIOKEHUIO [IEHTpa

TSKECTH.
[TocTosiHHast Pasmep Temneparypa
Ne /n/n. | Karanu- doo2", doo™, | Dooos PELIETKH ISt YaCTHI] [JIABJICHUS
3aTop HM HM HM KapOuma ZrC, 3d-meranna,
LUPKOHUSI, HM HM °C

19. Zr+Ti 0.3427 0.3431 15.7 0.4709 27 1668

20. Zr+Mn | 0.3423 0.3424 | 12.8 0.4702 85 1245

21. Zr + Fe 0.3436 | 0.3429 | 15.1 0.4703 56 1539

22. Zr+ Co 0.3431 0.3427 | 15.8 0.4703 57 1492

23. Zr + Ni 0.3427 0.3417 | 16.8 0.4702 61 1452

24, Zr+ Cu 0.3421 0.3424 | 16.9 0.4701 51 1083
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