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SYNTHESIS OF CARBON NANOTUBES WITH NI-TI CATALYST

Abstract. Carbon nanotubes have been of interest to the scientists for about 30 years due to their unique
properties. Their use as a material for creating flexible conductive coatings, supercapacitors, batteries and solar cells
is promising because of their excellent mechanical and electrical properties, as well as high electrochemical stability.
In this paper, we consider one of the methods for the synthesis of carbon nanotubes on a Ni-Ti bimetallic catalyst on
a silicon substrate. The effect of the thickness of the catalytic layer and the synthesis temperature on the quality of
the obtained samples was studied. The synthesis was carried out by the CVD method as the most convenient
technique with the possibility of a large yield of the final product. The obtained samples were studied by scanning
electron microscopy and Raman spectroscopy. It was found that with an increase in the synthesis temperature and a
decrease in the thickness of the catalytic layer, the crystallinity of the structure improves the number of defects in the
structure decreases and structural ordering increases. The use of a catalyst and an adhesive metal layer, which was a
barrier between the catalyst and the substrate, shows good results in improving the quality of the synthesis of
nanotubes.

Keywords: carbon nanotubes, synthesis, chemical vapor deposition (CVD), catalyst, magnetron sputtering.

Introduction. A carbon nanotube is a hollow cylindrical structure with a diameter of one to several
tens of nanometers, a length of one to several hundred micrometers or more, formed by carbon atoms and
is a graphene plane rolled into a cylinder. For the first time, CNTs were systematically described by
Sumio lijima (NEC Corporation), who discovered them in 1991 as a by-product of the synthesis of
fullerene C60 [1], and, almost simultaneously with it, the L.A. group Chernozatonsky [2]. Mention of the
existence of unusual forms of carbon similar in morphology was encountered earlier [3, 4], however, these
works did not receive further development.

Carbon nanotubes (CNTs) have many physical and chemical properties many of which are unique.
CNTs have very high thermal conductivity [5,6], strength [7], and the tensile modulus is many times
higher than that of steel. A wide range of electrical conductivity [8, 9] from semiconductor to metal makes
them promising for creating conductors and pn junctions in nanoelectronics, for creating conductive high-
strength composite materials and functional additives to polymers. The use of carbon nanotubes in various
fields of science and technology is a promising task [10]. In addition, carbon materials, such as amorphous
carbon or activated carbon, are widely used, and their replacement with CNTs in some cases gives a
unique effect, limited only by the higher cost of CNTs compared to other carbon materials. Therefore, the
development of effective methods for the synthesis of CNTs is a very urgent task.

CVD is a method with a high level of process control that allows you to control the growth location
and geometric parameters of carbon tubes on any type of substrate [11]. To obtain an array of CNTs on the
substrate surface, a seed layer is needed. A thin metal film acts as a seed layer, which is a catalyst for the
growth of CNTs; mainly nickel, iron, and cobalt act as such metals. A catalyst film can be formed using
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the methods of chemical deposition from a solution containing a catalyst, thermal evaporation, ion beam
sputtering, or magnetron sputtering. The main issue of this work was to study the effect of a buffer layer,
as well as the temperature dependence and thickness of the catalytic layer on the growth of CNTs.

Experiment. In this work, a bimetallic catalyst was used to synthesize CNTs. Its preparation included
2 stages: the deposition of a catalytic layer and the formation of nanoclusters. At the first stage, a thin
layer of titanium with a thickness of 80 nm is deposited on the pre-cleaned substrate using the magnetron
sputtering method. After that, 0.5 to 10 nm thick nickel layers were deposited using the second magnetron,
which is in the same chamber. The thickness of the forming layer is adjusted according to the indications
of quartz microbalances previously calibrated for the sputtered materials. The second stage is the
formation of nanoclusters, which occurs during the replacement of the substrate from the cold zone of
CVD the reactor to a hot one, pre-heated to the synthesis temperature. Within 5 minutes after the
placement of the substrate into the hot zone, the catalyst film transforms into nanoclusters. The process
takes place in a stream of hydrogen, which reduces the catalyst because thin metal films oxidize very
quickly in the air. This is necessary for high catalytic activity. A longer heating duration leads to an
increase in the particle size of the catalyst, which in turn affect the tubes’ diameter. The synthesis of CNTs
by the CVD method of was carried out in a tubular sealed quartz reactor at atmospheric pressure in a
stream of hydrogen equal to 4 normal liters per hour (figure 1). The carbon source in the synthesis process
was ethanol vapor. In the preparation stage for the synthesis, the chamber while heating was preliminary
blown out with nitrogen for 10 minutes to remove oxygen, and only after that the hydrogen was let into
the chamber. In addition, at the stage of the heating, the hydrogen passed through the bubbler previously
blowing all the air out of volume unfilled with ethanol. The bubbler and the reaction zone of the chamber
were cut out with valves, which were opened only at the time of synthesis. The flow of hydrogen passing
through a bubbler carries the ethanol vapour into the reaction zone of the chamber, where under the high
temperature the ethanol decomposes into carbon and hydroxyl group. The latter in turn combines with
hydrogen, forming water vapor or interacting with an amorphous carbon formed in the process of the
synthesis, oxidizing it this way and removing from the substrate increasing the catalyst activity time. We
experimentally found out an optimal temperature for our chamber configuration. It ranges from 880°C to
950°C. Upon reaching the synthesis temperature, a stream of hydrogen is directed through a bubbler with
ethanol at room temperature. Upon completion of the synthesis, the hydrogen flow is stopped and the
bubbler is cut out with valve. Samples were taken into the cold zone. Subsequent cooling of the reactor
took place in a stream of nitrogen. After taking the samples out the reactor, one can see that the substrates
are covered with a soot.
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Figure 1 - The structure of the CVD installation for the synthesis of carbon nanomaterials.
1 - nitrogen gas, 2 - hydrogen generator, 3 - gas flow meters, 4 - bubbler with ethanol, 5 - tubular flow reactor,
6 - substrate, 7 - bubbler with water for gas purification, 8 - discharge to the atmosphere

Figure 2 shows silicon substrates coated with a nickel-titanium catalyst before and after the synthesis
of CNTs by CVD. It is seen that after the synthesis the substrate surface with catalyst layer is covered with
soot, which indicates the possible deposition of carbon nanostructures, including CNTs.
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Figure 2 - Silicon substrates with a nickel-titanium catalyst
(a) - before and (b) after synthesis of CNTs by CVD

Results and discussions. It is known from the literature [12] that the average size of catalyst
nanoclusters formed after annealing depends on the thickness of the initial film, as well as the duration of
heating of the substrate. During our experiments, it was found out that the synthesis temperature plays a
key role in this process, because at different thicknesses of the deposited catalyst layer and at the same
annealing temperature, the diameters of the tubes are the same. However, with an increase in the synthesis
temperature, the diameter of CNTs decreases significantly. Using SEM analysis, talking about the
diameter of the tubes is only conditional. However, this analysis shows a significant change in size with
increasing temperature (figure 4-5).

To improve the quality of the synthesized CNTs, the so-called titanium buffer layer was used in this
work. As the experimental results show, in the absence of a buffer layer during high-temperature heating,
the silicon substrate material interacts with the catalyst, leading to the formation of nickel silicide islands
[13] (figure 3a). As can be seen from Figure 3b, CNT growth occurs only on these areas. On the rest of the
substrate, where no islands are formed, the catalyst loses its activity, possibly due to the diffusion process
into the surface of the substrate (figure 3c).

Figure 3 - The formed islands of nickel silicide (a) and selective growth of CNTs on it (b,c)

Thus, to prevent the diffusion of nickel into silicon and the formation of nickel silicide, a thin film of
a titanium buffer layer was deposited on the silicon surface. Under the high temperature, a titanium-nickel
alloy is formed, which subsequently exhibits high catalytic activity. An analysis of the results showed that
an increase in the synthesis temperature affects the quality of the obtained samples. The properties of these
samples were studied by scanning electron microscopy (figure 4-5) and Raman spectroscopy (figure 6).
Raman signal of the synthesized products corresponds to a typical spectrum of multi-walled carbon
nanotubes (MWCNTSs) [14]. Analysis of the Raman data shows that with increase in the synthesis
temperature, the quality of the obtained samples improves; this is evidenced by an increase in the G peak’s
intensity and a decrease of the D peak intensity (characterizing the defective structure).
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a—Ni (5 nm), Ti (80 nm) b —Ni (10 nm), Ti (80 nm)

Figure 4 - CNT samples synthesized at a temperature of 880°C and synthesis time t - 1 min

a— Ni (5 nm), Ti (10 nm) b —Ni (10 nm), Ti (80 nm)

Figure 5 - Samples of MWCNTs synthesized at a temperature of 950°C and synthesis time t - 1 min
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Figure 6 - Raman spectra of obtained MWCNTs
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where No. 1 and No. 3 are samples of Ni (10 nm), Ti (80 nm), T = 880 and 950 °C, respectively,
No. 2 and No. 4 are samples of Ni (5 nm), Ti (80 nm), T = 880 and 950 °C, respectively

Figure 7 - Data analysis of the Raman spectra of CNTs

A more detailed analysis of the Raman spectra of CNTs is presented in figure 7. It can be seen that
with increasing temperature and decreasing thickness of the catalytic layer, such trends are observed:
narrowing of the half-width of the peaks (figure 7a), which indicates an increase in the crystallinity of the
structure; a decrease in the intensity of peak D, which is represented by the ratio I[(D)/I(G), indicating a
decrease in the number of defects in the structure (figure 7b); a decrease in the ratio of G to 2D peaks’
intensity, which indicates an increase in structural ordering in the mutual arrangement of atoms (figure 7c)
[15-16]. Thus, it was shown in the work that the use of a titanium buffer layer allows to reach effective
synthesis conditions, while the diameters and quality of synthesized CNTs depend not only on the
thickness of the catalytic film but also on the synthesis temperature.

Conclusion. Due to its variability, the CVD method makes it possible to precisely control the growth
of CNTs. By changing the synthesis parameters, one can control the yield and structural parameters of
nanotubes. In this work, the influence of the synthesis temperature and the thickness of the catalytic layer
on the growth of CNTs, as well as the role of the buffer layer, were demonstrated. An increase of synthesis
temperature and a decrease in the thickness of the catalyst improves the crystallinity of nanotubes. The use
of a catalyst and an adhesive metal layer, which was a barrier between the catalyst and the substrate, gave
positive results in improving the effectiveness of the synthesis of nanotubes. It was previously assumed
that the catalyst particles during preliminary annealing can dissolve in titanium and lose their catalytic
activity; however, the formed Ti-Ni nanoclusters promoted the catalytic growth of CNTs.
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KOMIPTEKTI HAHOTYTIKIIEJEPAI NI-TI KATAJIU3ATOPBIMEH CUHTE3JIEY

AnHoranusi. OTbI3 KbUT OOWBI KOMIPTEKTI HAHOTYTIKIIETCDP CSpPEKIIe KACHUCTIHIH apKachblHIa FalbIMIap.Ibl
KBI3BIKTBIPBIIN Kenesi. Oxapasl MKeMJII OTKI3Till jkaOblH, CyHepKoHAeHcaTop, Oarapesuiap MeH KYH OarapesuiapblH
JKacay YIIiH MaTrepuall peTiHje naijaiaHy Tamaimia MeXaHUKaJIbIK JKOHE DIICKTPIIK KaCHeTTepi apKbUIBI api sKOFaphl
AIIEKTPOXUMUSUIBIK TYPAaKTBUIBIFBIMEH epeKimerneHeni. Makanmamga kKpemHuE cyOcrpaTeiHgarsl Ni-Ti OuMeTammbl
KaTaln3aTOPBIHAA KOMIPTEKTI HAHOTYTIKIIENEpAi CHHTE3NEY OmicTepiHiH OipiH KapacTelpambl3. KaTamuTHKaIBIK
Ka0aTThIH KaJIBIHIABIFEI MEH CHHTE3 TEeMIIepaTypachIHbIH aJbIHFAaH YITUIEpIiH camackiHa ocepi ne 3eprrenai. CVD
CHHTE3/ll COHFBl OHIMHIH YJIKECH MIBIFBIMIBUIBIFBI apKbUIbI BIKTUMAaJ €H KOJIAHJbl OHIIpIC 9/ici peTiHne Kyprisui.
AJBIHFaH yIITUIep CKaHepJeylli 3JIeKTPOH/IbI )koHe PaMaH crieKTpocKonuschl apKbUibl 3epTrenai. CuHTe3 TeMiepa-
TYpachIHBIH 6CYi )KoHE KaTaIUTUKAIBIK Ka0aTThIH KaJIbIHJIBIFBIHBIH a3at0bl HET131He KYPhIIBIM KPUCTAJABUIBIFBIHBIH
JKaKcapybl, aKay CaHBIHBIH a3alobl )KOHE KYpPBUIBIMABIK PETTUTIKTIH JKorapbuiaybl Oaiikannmel. Karamusatop meH
TOCEHIIl apachlHOaFbl KeIepri CaHaJaThlH, KaTaJlW3aTop MEH METalJblH aAre3Msulblk KabaTelH IaiinasiaHy,
KOMIpTEKTi HAHOTYTIKIIEIep CHHTE31HIH CallachlH )KaKCapTyAa OH HOTHXKe Oepi.

KemipTekTi HaHOTYTIKIIE — KybIC HUJIMHAPIIK KYPBUIBIM, AnaMeTpi OipHelle HaHOMETp/ieH 0acTajblll OH/IaFaH
HaHOMETpJIepre ACHIH )KETETiH, Y3bIHIBIFbI Oip MUKPOMETPJIEH KY3/Ier€H MUKPOMETpre JIeiiH HeMece OJlaH Ja Kol
OoJaThIH, KOMIPTEK aTOMJapbIHAH TY3UITeH J)KoHE LIMIIMHIPre opajFaH rpadeH napakmacel. Anram petr KHT sxyiieni
typae Cymuo Ummxkuma (Sumio lijima NEC Corporation) cumarransr, on oxapasl 1991 xsumer C60 ¢ymiepernep
CHHTE3iHiH XaHaMa eHIMi pPeTiH/e aIlThl )koHe oHbIMeH Oip mesrinae JI.A.UepHo3aTOHCKUITIH TOOBI a CHMIATTaFaH.
Mopdonoruscel KOMIpTEKTIH yKcac epekiie (GopMmaiapblHbiH Oap eKeHIIri Typanbl OYpbIH Ja Ke3[IeCTipiireH,
anana Oy )KYMbICTap OJIaH 9Pl JaMH aJIMaJIbI.

Kemiprekri Hanoryrikmenep (KHT) kenrereH ¢u3MKanblK >KOHE XHMHUSUIBIK KacHETTEpre He, OJap.blH
kermIiiri epexme 6omnbin keneni. KHT eTe jkoraphl XbUTy OTKITIIITIKKE jKoHE OEpIKTIKKE Me, all CO3bIILY MOMYJI
OonaTtka KaparaHma OipHerne ece »XOoraphl. JKapTeUiail ©TKI3TIIITEH MeTanFa JCHIHTi 3JCKTP OTKI3TIITIKTIH KeH
CHEKTPi Oapabl HAHODIEKTPOHHUKAIA OTKI3TIIITep MEH P-N JKapThUIail ©TKI3TilI KypyFa, OTKI3TIIITIr XKOFapsl Oepik
KOMIIO3UT MaTepuajjap MeH moiauMmepiepre (yHKIMOHAiAbl Kocnaiap skacayra KHT mepcnexkruBansl ereni.
KemipTekTi HaHOTYTIKIIENep/ i FHUIBIM MEH TEXHHKAaHBIH OPTYpJl cajachlHAa KOJaHy MEePCIEeKTUBAJIbI TalchipMa
Oonbin  ecenteneni. CoHbIMEH Karap, KOMIpTeri Marepuaiiapbl, MbICAIbl, aMOp(Thl KOMIPTEK Hemece
AKTHBTEHJIIPIITeH KOMIPTEK, KeHIHEH KoJlaHbuIaabl kaHe onapasl KHT-mMeH anmacTelpy kel jkarjaiiia epexiuie
apdexT Oepenmi, amaiima Oacka KeMipTeKTi MarepuangapmeH camsicTeipranna KHT xemMbar OonraHOBIKTaH
mekreneni. Conapiktad KHT cuHTE3iHIH THIMAL 9miCTEpiH )kacay ©Te ©3eKTi OOIBIN caHANAMdbL. .

CVD — xe3-kenreH cyOcTpaTKa KeMipTeK TYTIKIIENEpiHiH eCy OpHBI MEH T'€OMETPISUIBIK MapaMeTpiepiH
OakpulayFa MYMKIHZIK O€peTiH jKOFapbl TEXHOJIOTHUIBIK Oakpuiay onici. Cyocrpar 6erine KHT maccuBin any yin
TYKbIM KabaThl KakeT. JKyka MeTayul KaObIpliarbl TYKbIM KabaThl periHge opekeT ereai opi KHT ecyinig
KaTajlM3aTopbl OOJIBIT CaHAIA/Abl, HETi3iHEH MeTayl pPETiHAE HUKeNb, TeMIp MOHEe KOOanbT KOJIIBIHBLUIA/IBI.
Karannszarop kaOBIpmIarelH axy YIIiH KaTadu3aTOpbl Oap epiTiHIIICH XUMUSIBIK TYHIBIPY, TEPMILUTBIK OylaHy,
MOHJIBIK COYJICHIH IIAbUTYbl HEMece MarHeTPOHHBIH IIalIbIpay SAIiCTEepiH KOJIIAaHy apKbUIbI KOJI )KETKi3yre OoJaibl.
Byn sxymeictarsl 6actel Mmocene KHT ecyine Oydep kabaTeIHBIH O0ITyBI, COHBIMEH KaTap KaTaiau3aTop KabaTThIH
KaJIBIH/IBIFbI )KOHE CHHTE3 TEMITEPaTypachiHa TOYCIIUTIK dCEPiH 3ePTTeY.

Tyiiin ce3aep: xemiprexri HaHoTyTiKIenep (KHT), cuntes, xumusiisik Oy sy TyHOace! (CVD), karanusarop,
MarHeTpOH/IbI MANIBIPaTY.
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CHUHTE3 YIVIEPOAHBIX HAHOTPYBOK HA KATAJIU3ATOPE NI-TI

AHHOTauMs. YTJiepoaHble HAHOTPYOKM B TedeHHe mnociemHux 30 jer, Omaromapst CBOMM YHHKAIbHBIM
CBOMCTBaM, MPEICTABILIIOT HHTEPEC I YYeHBIX. VX MCHOIb30BaHNE B Ka4eCTBE MaTepuasia IJisl CO3/TaHMUs THOKHX
MPOBOJSIINX MOKPBITHH, CYNEPKOHACHCATOPOB, OaTapeil U COJHEUHbBIX JIEMEHTOB SIBJISCTCS MEPCHICKTUBHBIM BBHIY
TOT0, 9YTO OHHM OOJAJAIOT MPEBOCXOTHBIMH MEXAaHHUECKUMH H 3JIEKTPUYSCKUMH CBOWCTBAMH, a TaKXe BBICOKOH
ANEKTPOXUMUIECKON CTaOMIBHOCTRIO. B 3TOH cTaThe paccMaTpuBaeTCs OJMH M3 METOAOB CHHTE3a YIJICPOIHBIX
HaHOTPYOOK Ha Ni-Ti OmMeTayIMYecKoM KaTaln3aTope Ha MOBEPXHOCTH KPEMHHEBOH MOMTOXKKHU. Takxke H3y4eHO
BIIMSTHAE TOJIIMHBI KaTATUTHYECKOTO CIIOSI M TEMIIEpaTyphl CHHTE3a Ha KaueCTBO IMOMYYEHHBIX 00pa3moB. CHHTE3
npoBomwics meronom CVD kak oamH U3 Hambosiee pacpoCTpaHEHHBIX METOIOB IMONYyYCHHS HAHOMATEPHAJIOB C
OOJBIIUM KOJMYECTBEHHBIM BBIXOJOM KOHEYHOTO NpoAykKTa. llomydeHHBIE OOpasmpl OBUIM H3yYEHBI METOJaMHU
CKaHUPYIOIIEH 3IEKTPOHHON MHKPOCKOIIMH M CIIEKTPOCKONHWH KOMOWHAIIMOHHOTO paccesHus. OOHapyXeHO, YTO C
pOCTOM TeMIepaTypsl CHHTE3a W YMEHBIICHHEM TOJIIIUHBI KaTaJUTUYECKOTO CIIOoS HaOII0maeTcs yIIydIlIeHne
KPHUCTAJUIMYHOCTH CTPYKTYPBI, yYMEHBIICHHE KOJUYEeCTBA JAE(PEKTOB U POCT CTPYKTYPHOH YIOPSIOYEHHOCTH.
Hcnonp3oBaHue Karain3aTopa U aare3MOHHOTO CJIOs METaslla, KOTOPbIH SBISUICS OapbepoM MEXIy KaTalu3aTopoM
U TIOJITIOKKOM, JTATIO TIOJIOKUTENbHBIE PE3YJIbTAThI B YIIyUIIEHHH Ka4yeCTBa CHHTE3a YIIIEPOIHBIX HAHOTPYOOK.

YraneponHas HaHOTPYOKa — 3TO MmoJas MIIMHAPHYECKAs CTPYKTYpa INAMETPOM OT HECKOJIBKHUX 0 HECKOJIBKUX
JIECSTKOB HAHOMETPOB, JJIHHOW OT OJHOI J0 HECKOJNBKHUX COTEH MHKPOMETPOB M OoJjiee, 00pa3oBaHHAs aTOMamu
yriepojia U MpejcTaBIisiioNias coboi ockocTh rpadena, cBEpHyTyio B mmnHap. Bnepseie YHT cucrematuyecku
onucanbl Cymno Uumxumoit (Sumio lijima, kopnopaus NEC), ob6napysxkusmero ux B 1991 r. kak moOO4HBIH
npoaykT cuHTe3a QymiepeHa C60, M MpakTUHECKH OIHOBpPEMEHHO ¢ HUM — rpynmoit JI.A. UepHO3aTOHCKOTO.
YHoMuHaHHS O CYLIECTBOBAHUU CXOXKHX MO MOP(OJIOTHH HEOOBIYHBIX (OPM YIIiepoja BCTPEHAIUCh U pPaHbIIE,
OJTHAKO JabHEHIIEero pa3sBUTHS ATH PaOOTHI TOTIAa HE Oy IHIIH.

Yraneponusie HaHOTPYyOku (YHT) obmamaioT MHOXECTBOM (PH3MUYECKHX M XUMHUYECKHMX CBOICTB, MHOTHE U3
KOTOPBIX YHUKanbHEL. YHT HMMEIOT 0ueHb BBICOKYIO TEIUIONPOBOAHOCTh M MPOYHOCTH, & MOAYINb YHIPYTOCTH TPH
pacTsHKEeHHH BO MHOTO a3 BhIIIE, 4eM y ctanu. IlIupoxuii Auana3zoH 3JeKTPONPOBOAHOCTH OT HOJIYIPOBOJHHUKA 10
MeTajula JeNlaeT WX IEPCIEeKTUBHBIMU /ISl CO3JaHHS IMPOBOJHHKOB M PN-TIEPEXOJOB B HAHOIJICKTPOHUKE, IS
CO3/IaHUS MPOBOJAIINX BBICOKOTPOYHBIX KOMITO3UTHBIX MAaTEpUANOB U (PYHKIMOHANBHBIX JOOABOK K IOJHMEpPaM.
[IpumeHneHne yriiepoAHBIX HAHOTPYOOK B PA3MTUYHBIX 00JIACTAX HAYKH M TEXHUKH SBIISETCS MEPCIECKTHBHOM 3a/1a4eH.
Kpome Toro, yrmepommble MaTepuanbl, Takhne Kak aMOp(HBIA yriaepoa WIM aKTUBHPOBAHHBIM YTOJb, IIMPOKO
NpUMEHSIOTCs, u uXx 3ameHa Ha YHT B HekoTopwix ciyuasx naér yHUKaJdbHbIA 3(deKT, orpaHMYSHHbIH TOJIBKO
6oree BpIcOKOI cTromMocThi0 YHT 1o cpaBHEHHIO ¢ APYyTUMH YIIIEpOAHBIMH MaTepuaiamu. [lostomy paspabotka
3¢ pexTHBHBIX MeTo0B cuHTe3a YHT odens akTyasibHa.

CVD sBnseTcss METOIOM C BBICOKMM YPOBHEM KOHTPOJS IpoIlecca, KOTOPHIH IO3BOJMSET KOHTPOJIMPOBATH
MECTOIOJIOXKEHNE POCTa U T€OMETPUUECKHE IMapaMeTphl YIIEPOIHBIX TPYyOOK Ha JHOO0M THIE MOIOKKHA. UTOOBI
nosnyuuts MaccuB YHT Ha moBEepXHOCTH IOIJIONKKHU, HYXKEH 3aTpaBOYHBIN Cl0H. B KadecTBe 3aTpaBOYHOrO Cios
BBICTYIIa€T TOHKas IJIEHKA METajula, KOTopas SIBISIeTCA KaTanu3atopoM s pocrta YHT, B posnn Takux MeTauioB
BBICTYIIAIOT B OCHOBHOM HHKENb, Xele30 U KobanbT. HaHeceHme TIEHKM KaTanm3aTopa BO3MOXHO C
WCTIOJH30BAHUEM METOAOB XHUMHUYECKOTO OCAXKICHHS W3 pacTBOPA, COAEPIKAIIEro KaTajiu3aTop, TEPMUYECKOTO
WCTIApEHHS, WOHHO-TYYEBOTO PACHBUICHUS WJIM MAarHeTPOHHOTO paclbUIeHHs. B kadecTBE OCHOBHOTO BOIIpOCa B
JIAaHHOW paboTe ObLIO UCCIIENOBaHUE BIUSHUS HAMUYMs Oy(QEepHOro ciosl, a TaKKe TeMIlepaTypHas 3aBUCHMOCTb U
TOJIIIMHA KaTaIuTH4YecKoro cjos Ha poct YHT.

KioueBble cioBa: yriepomasie HaHOTpYOkm (YHT), cuHTe3, XMMHUYECKOE OCakIeHHe W3 HapoBoil (a3l
(CVD), xatanuzatop, MarHeTpOHHOE pacIblICHHUE.
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