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Introduction’

Numerous methods of synthesis allows
preparation of carbon nanotubes (CNT) of different
purity and, consequently, with different properties. In
particular, this is also related to their sorption properties.
Data of different authors on CNT hydrogen capacity may
differ by an order due to different conditions for
synthesis. Conditions for sorption and hydrogen capacity
especially depend on the state of hydrogen (at equal
other conditions).

CNT saturation with activated hydrogen occurs
under milder conditions.

Any of the hydride-forming metals or alloys
may be used for hydrogen activation when its sorption-

desorption thermodynamics satisfies the certain
conditions.
However, reversible sorption capacity and

chemical activity of all the hydride-forming materials
greatly depend on the state of their surface.
Electronegative impurities (O,N etc.) present on the
surface result in deterioration in kinetics of hydrogen
sorption. Penetration of impurities into the particle bulk
decreases its capacity and leads to its decrepitation.

When particles of hydride-forming metal were
covered with protective layers, sorption kinetics and
other operating characteristics were deteriorated.

This work is aimed to verify the hypothesis on
creation of the hydrogen penetrable, hydrogen-sorbing
protective layer of nanostructural carbon on the surface
of the hydride-forming particle.

Nanostructural carbon is supposed to be a
barrier against electronegative impurities. Dynamic
equilibrium of hydrogen sorption-desorption processes
will allow the metal particle to be donor of activated
hydrogen for nanostructural carbon.

Experimental

LaNis (MmNis) intermetallide of ABs type was
used as a metal hydride-froming component.

We have attempted to grow nanotubes on the
intermetallide surface by two methods:
1. Catalytic pyrolysis of acetylene.
2. Electro-erosion sputtering of the alloy of ABs type in
liquid hydrocarbon.
In the first case intermetallide was mixed with catalyst
for CNT synthesis - Ni/Cu
(98 wt.%/2 wt.%). The mixtures were prepared
beginning from the proportion NiCu:LaNis = 1:1. The
concentration of LaNis fraction was gradually increased
by mixing in the ball mill in hydrogen at P=0.5 MPa.
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Catalytic activity of the mixtures prepared has
been investigated in regard to the CNT growth. The
mixtures passed through the furnace for catalytic
pyrolysis (the apparatus was designed in laboratory 67 in
Institute for Problems of Material Science of National
Academy of Sciences of Ukraine).

The electric sparc erosion apparatus was used in
the second case. (The apparatus was also designed in
laboratory 67 in Institute for Problems of Material
Science of National Academy of Sciences of Ukraine).
Hydrocarbons and their mixtures were used as sources of
carbon.

Results and discussion

In the first case, in hydrocarbon pyrolysis,
CNTs grow on all the mixtures up to the proportion
NiCu:LaNis=2:98. At this proportion CNTs do not form
on pure LaNis. Therefore, in spite of the fact that
intermetallide contains a high amount of nickel, which is
catalyst for CNTs growth, CNTs do not form in these
experimental conditions.

In the second case, during electric arc LaNis
sputtering in the hydrocarbon medium, different carbon-
hydrocarbon layers form on the surface of particles.
CNTs (Fig.1), similar to those produced by this methos
on pure nickel [1], have been found only on the particles
prepared in solvent-2355.

Conclusions

In catalytic pyrolysis of hydrocarbons in the
range from 800 to 1200 °C, LaNis is not catalyst of the
CNTs growth at the given experimental conditions.

However, during electric erosion sputtering of
this alloy in hydrocarbons (of certain composition),
CNTs may grow on the surface of LaNis particles
formed.

We can agree with this conclusion if we do not
take into consideration the fact that intermetallide might
be separated into components in the electric arc, and
CNTs might grow on the particles enriched in nickel like
in [1-23].
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UCCJEJTOBAHUE KATAJTUTUYECKON AKTUBHOCTMH LaNis
ITPU CUHTE3E YHT

yp A.B., lyoosoii A.I'., CaBenko A.®D., borosenos B.A., Kosaas A.1O.,
3arunaiiuenko C.10., JInicenko E.A.
Wucturyt npodnem matepuanoenenust HAH Ykpaunst, JIJabopatopust Ne 67,
yi1. Kpxxmkanosckoro 3, Kues, Ykpanna

BBenenue

MHOT04YHCIeHHBIE METOAbBI CHHTE3a IIO-
3BOJISIIOT ~ TOJNyYaTh YTJIEPOAHBIE HAHOTPYOKH
(YHT) pa3nmuuHOW YHCTOTHI M CJICIOBATEIBHO C
pa3IUYHBIMA CBOWCTBaMU. IJTO, B YaCTHOCTH, OT-
paxkaeTcssi U Ha MX COPOIMOHHBIX CBOMCTBax. Jlu-
TepaTypHbIe MAaHHBIE MO WX BOJOPOIOEMKOCTH,
MOJTy4YeHHBIE Pa3HBIMH aBTOPaMH, MOTYT OTJIH-
4YaThCd HA TMOPSAJIOK W3-332 Pa3IMYHBIX YCIOBUH
CUHTE3a. YCIOBHS COPOIMH U BOIOPOJOEMKOCTb
O0COOEHHO 3aBWICAT OT COCTOSHHS Bomopoaa (Tpu
PaBHBIX IPYTHX YCIOBHSAX).

Haceimenne YHT akTMBUpPOBaHHBIM BO-
JOPOJIOM TIPOXOINT B O0JI€e MATKUX yCIOBHSIX.

Jl1s aKkTHBAIMKM BOJIOPOIa MOXKHO HCIIOJIb-
30BaTh JIO0OW TUAPUI000paA3yIONIUNA METAUT W
CIUIaB, TEPMOJUHAMHKA TPOLECCOB COPOIMH—
JIecopOIu KOTOPOTO OTBEYAET 3aJJaHHBIM yCIIOBH-
SIM.

OpnHako peBepcHBHAs COPOLIMOHHAS €M-
KOCTh M XMMHYecKasi aKTUBHOCTh BCEX THIPUIO-
00pa3yoIuX MaTepUaIoB B 3HAYMTEIBHON CTere-
HU 3aBUCST OT COCTOSIHUS MX MOBepxHOocTU. Hamm-
Yhe Ha TOBEPXHOCTH JJICKTPOOTPHIATEIBHBIX
npumeceit (O, N u Ap.) IpUBOANUT K YXYIILIEHUIO
KHHETUKU COPOIMY BOJIOPO/IA, a MPU MPOHUKHOBE-
HUU B O0BEM YACTHIBI CHH)KAET €€ €MKOCTh W
MIPUBOJNT K JEKPETUTAIIIH YaCTHIIBI.

[TokpeiTHE YacTHUIl THAPUAO0OPA3YIOIIETO
MeTalljla 3allUTHBIMH TUIGHKAaMH TPUBOAMUIIO K
YXYAIIEHUI0 KHHETUKHA COPOIMH M APYTUX OIKC-
ITyaTallMOHHBIX XapaKTCPUCTHUK.

B Hacrosmieit paboTe mpoBepseTcs TUIIO-
Te3a CO3MaHHsS Ha TOBEPXHOCTH THAPUA000pa-
3yroled 4YacTUIlbl BOAOPOIONPOHUIIAEMOM BOJIO-
pOI-COpOUpPYIOIIEH 3aIUTHOW IJICHKH W3 HAHOCT-
PYKTYPHOTO yTiiepoja.

[Ipenmnonaraercsi, 4TO HAHOCTPYKTYpPHBIN
yriaepon OynmeT OapbepoM IS DIIEKTPOOTPHUILA-
TENBHBIX MPUMECEH. A THHAMUYECKOE PaBHOBECUC
MIPOIIECCOB COPOITMU—IecOpOIIMK BOAOPOIa TI03BO-
JUT METAJJIMYECKON YacTHIIC CTaTh JOHOPOM aK-
TUBUPOBAHHOTO BOJOPOJA JJIsl HAHOCTPYKTYPHOTO
yraeposa.
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YcaoBus 3KciepUMeHTA

B kxadecTBe MeTamIHuecKoil ruapuao0opa-
3YIOIIEH COCTABIIAIONICH HCIIONb30BANICS UHTEPME-
taumn Tana ABs - LaNis,(MmNis).

HanoTpyOkn Ha MOBEpXHOCTH HHTEpMe-
TaJUIU]IA TBITATUCH BBIPACTUTH ABYMSI METOAMU:

1. KaTanutuyeckuM MUPOJIU30M alE€TUIICHA.
2. DNeKTpOod’pO3MOHHBIM PpacHbIICHHEM CIIIaBa
tuna ABs B XKHJIKOM YIJIEBOAOPOJE.

B nmepBom cnyudae HWHTEpMETaIUI MHC-
MOJIB30BAJIM B CMECH C KaTalu3aTOPOM CHHTE3a
YHT Ni/Cu (98%mac./2%mac.). CMecH TOTOBHIH
"aunHag ¢ otHomeHusa NiCu:LaNis=1:1 ¢ mocre-
MIEHHBIM yBEJIMYEHHEM KOHIICHTpanuu (Qpakiuu
LaNis cmemuBanieM B IIapoBOil MENbHULIE B Cpe-
ne Bopopona npu P=0,5 MITa.

[lonyyeHHsle cMecH HCCIECOOBAIM HA
NpeAMET UX KATAJTUTUYECKON aKTUBHOCTH B OTHO-
meHuu pocra YHT, nponyckas ux depes nedn Ka-
TAIUTUYECKOTO MUPOJu3a (YCTaHOBKH, H3TOTOB-
nmeHHo B mab. Ne 67, UIIIM HAH Yxpaunsr).

Bo BTOpOoM ciy4yae HCHONB30BAIH 3JIEK-
TPOUCKPOBYIO 3PO3HOHHYIO YCTaHOBKY. B kauect-
BE MCTOYHHUKA YIJIEPOJa UCIONb30BAIM YIIeBOIO-
POIBI ¥ UX CMECH.

Pe3yabTaTthl 1 00cy:KIeHue

B mepBoMm ciydyae mpu mupoiu3e yrieBo-
nopoaoB YHT pactyT Ha Bcex cMecsiX O COOTHO-
menuss koHmeHTparuii  NiCu:LaNis=2:98. Ilpu
STOM COOTHOIIICHHH KOMIIOHEHTOB W Ha YHUCTOM
LaNis YHT ne o0Opa3syrorcs. Takum oOpaszom, He-
CMOTpSI Ha BBICOKOE COJEpXKaHWe B WHTEpMETal-
JIAJIE HUKEIIS, SIBISTFOIIETOCS] KaTalu3aTopoM pocTa
YHT, B maHHBIX 3KCHEPUMEHTAIBHBIX YCIOBUSX
YHT ne o0Opazyrorcsi.

Bo BTOpOM citydae, mpu 3JeKTPOIYTOBOM
pacteuiennn LaNis B cpeae yrieBOJOPOIOB, Ha
MTOBEPXHOCTH YacTHUI[ 00pa3yroTCsl pa3IndHbIe yT-
JIEPOA—YyTIEBOAOPOJHBIE TIEHKH. TOJIBKO Ha Hac-
THUIaX, MTOJIy4E€HHBIX B pacTBopuTene — 2355 Opun
obnapyxenbl YHT (puc. 1), mogo0Hble moirydeH-
HBIM 5TUM METOJIOM Ha YHCTOM HuKeme [1].
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Puc. 1.

BriBoabI

Wntepmeramnun LaNis npu  katanuTh-
YECKOM IHUPOJIN3E YIIIEBOJOPOJOB B TEMIIEpaTyp-
HoM nutepaie 800 — 1200°C He sBisieTcs KaTam-
3aTopoM pocta YHT mpu AaHHBIX DKCIIEPUMEH-
TaJbHBIX YCIOBHSIX.

OpnHaxko MpH 3IEKTPO3PO3MOHHOM pPAaCIIbI-
JIEHMHM 3TOr0 CIUIaBa B YIJIeBOAOpodax (ompene-
JICHHOTO COCTaBa) Ha MMOBEPXHOCTH OOpa3yrOIINX-
cst yactuy LaNis moryT pactu YHT (puc.1).

C 3TUM BBIBOJIOM MOXHO COIJIACUTBCS,
€CITM HE YYHTHIBATh TOT (DaKT, YTO B DJICKTpHUE-
CKOHM Iyre MHTEpMETAJUIMJ MOT pa3lIeNHuThCsi Ha
komrnoHeHThl 1 YHT mornu BeipacTd Ha 4acTHUIAX,
OoraThIX HUKeNeM Kak B [1].
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