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SYNTHESIS OF CARBON NANOTUBES
BY THE ELECTRIC ARC-DISCHARGE METHOD

Abstract. The paper presents the synthesis of carbon nanotubes (CNTs) by the method of electric arc-discharge.
To obtain CNTs, the process of an electric arc-discharge of graphite was carried out; the current strength at a
constant voltage of 50 V was 120, 150, 170, 200 A (inert medium - argon). Using the methods of electron
microscopy, BET and Raman scattering, the chemical composition, specific surface area were determined, and the
surface morphology of the obtained samples was studied. The results of determining the specific surface area and
pore volume show that with increasing current strength, the specific surface area and specific pore volume increase
from 25.450 to 159.737 m?/g and from 0.011 cm?/g to 0.068 cm?/ g, respectively. Electron microscopic images show
CNT particles with a diameter of 58 to 370 nm, which are rolled into a single, seamless, cylindrical shape.

Keywords: CNT, graphite, electric arc-discharge, specific surface area, graphitization.

Introduction. Analysis of the state and development trends of nanoindustry objects at present allows
us to conclude that one of the most promising areas of nanotechnology is the synthesis of carbon
nanomaterials (CNM) - graphene, graphene oxide, MWCNT, SWCNT, fullerene-like structures, which are
a new allotropic form of carbon in the form of closed, framework, macromolecular systems. Among these
materials, a special place is occupied by carbon nanotubes (CNTs), which with diameters from 1 to 50 nm
and lengths up to several micrometers form a new class of quasi-one-dimensional nanoobjects. CNTs have
a number of unique properties due to the ordered structure of their nanofragments: good electrical
conductivity and adsorption properties, the ability to cold electron emission and gas accumulation,
diamagnetic characteristics, chemical and thermal stability, high strength combined with high values of
elastic deformation. Materials created on the basis of CNTs can be successfully used as structural
modifiers of structural materials, hydrogen accumulators, electronic elements, additives to lubricants,
varnishes and paints, high-performance adsorbents, gas distribution layers of fuel cells. The use of carbon
nanostructures in fine chemical synthesis, biology, and medicine is widely discussed [1].

The developed surface and structure of CNTs determines their unique electrochemical and sorption
properties when the conditions for their filling with gaseous or liquid substances are realized. CNTs can be
considered as a unique capacity for storing substances in a gaseous, liquid or even solid state [2-4], since
the graphite shell provides a fairly good protection of the material contained in it from external chemical
or mechanical stress. They have found application for obtaining high-temperature heat-insulating
composite materials [5,6], modified electrodes [7,8], sorbents [9], nanofibers [10] of catalytic systems
[11-12], as well as in medicine, security and defense devices , devices for the generation and storage of
electricity, transport, communications, computer technology, building materials [13]. Among the most
important properties of CNTs, the relationship between the geometric structure of a nanotube and its
electronic characteristics should be mentioned first of all [14-16]. The widespread use of CNTs requires
the production of a large amount of material at a low cost. Therefore, the development of low-cost
methods for the synthesis of CNTs is urgent.
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Among the advantages of carbon nanotubes are:

1. Many unique and truly useful properties that can be used in the implementation of energy efficient
solutions, photonics, electronics, and other applications;

2. It is a nanomaterial that has a high coefficient of strength, excellent thermal and electrical
conductivity, and fire resistance.

3. Improving the properties of other materials by incorporating a small amount of carbon nanotubes
into them;

4. Carbon nanotubes with an open end exhibit a capillary effect, that is, they can draw in molten
metals and other liquid substances;

5. Nanotubes combine the properties of solids and molecules, which opens up significant prospects.

The predominant methods currently used to synthesize CNTs from coal are based on thermal plasma,
chemical vapor deposition (CVD) and arc discharge methods.

Currently, the synthesis of CNTs is based on the methods of thermal plasma [17], chemical vapor
deposition (CVD) [18] and arc discharge [19]: Tian et al. [14] were the first to develop a thermal plasma
method for obtaining multi-walled CNTs (MWCNTSs) from coal, the second one based on the thermal
decomposition of carbon-containing gases (chemical vapor deposition), accompanied by gas-phase
chemical deposition (GPCD) of crystalline nanocarbon on metal catalysts. The third method of synthesis
consists in the evaporation of graphite and the subsequent condensation of the product when the vapor is
cooled in an arc discharge.

The most widespread method for producing CNTs is using thermal sputtering of a graphite electrode
in the plasma of an arc-discharge burning in a helium atmosphere. The method used in 1991 by the
Japanese scientist S. [jima [20] differed from the method of obtaining fullerenes in that the electrodes did
not come into contact with each other, but were at some distance from each other during the arc burning.
Under these conditions, carbon evaporating from the anode is condensed on the cathode in the form of a
deposit of a predominantly cylindrical shape. Carbon nanotubes were obtained in the form of sharp
needles with a diameter of 4 to 30 nm and a length of 1 um at the negative end of a carbon electrode at a
constant arc discharge current. Graphite electrodes were placed in a volume filled with argon atmosphere..
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Figure 1 - Scheme of graphite sputtering in an electric arc plasma

Studying the structure of needles consists of coaxial tubes nested within each other, which, in turn,
consist of hexagonal graphite networks, in the nodes of which carbon atoms are located. The winding
angle can vary from tube to tube, as well as within a single tube. The tops of carbon nanotubes are closed
with caps consisting of hexagons and pentagons, as is the case in the structure of the Cqo fullerene
molecule.

Carbon nanotubes combine the properties of molecules and solids and can be regarded as an
intermediate state of matter. This feature attracts constant attention of researchers studying the
fundamental features of the behavior of such an exotic object in various conditions. These features, which
are of significant scientific interest, can form the basis for the effective applied use of nanotubes in various
fields of science and technology [21].
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The purpose of this work is to synthesize carbon nanotubes (CNTs) by the electric arc-discharge
method and to study the physicochemical properties of the samples obtained.

We have chosen the method of electric arc-discharge to obtain CNTs, since this method is acceptable
in laboratory conditions. The electric arc method is currently the most common method for obtaining
defect-free CNTs. The essence of the method consists in thermal sputtering of a graphite electrode in the
plasma of an arc discharge burning in an inert gas atmosphere.

To obtain CNTs, the process of an electric arc-discharge of graphite was carried out, the current
strength at a constant voltage of 50 V was 120, 150, 170, 200 A (in an inert atmosphere of argon)
(figure 1).

e

Figure 1 - Installation for producing CNTs by electrophysical method

The elemental composition, structure, and dimensions of the samples were studied by energy
dispersive X-ray spectroscopy on an SEM device (Quanta 3D 200i) with an EDAX attachment for energy
dispersive analysis.

The study of the type of carbon modification was carried out using Raman spectroscopy using the
method of Raman light scattering (RS). The Raman spectra of the samples were recorded on a HORIBA
Jobin Yvon instrument and an Integra Spectra scanning probe microscope using a laser with a radiation
wavelength of 473 nm. Installation parameters: power - 35 mW, solid-state laser, grating —600/600.

Specific surface area, specific pore volume by limiting filling were studied by the Brunauer-Emmett-
Teller (BET) method. The measurements were carried out on a KATAKON Sorbtometer M.

The results of the performed elemental analysis and determination of the specific surface area and
pore volume presented in Table 1 show that with an increase in the current strength, the specific surface
area and specific pore volume increase from 25.450 to 159.737 m*/g and from 0.011 cm?/g to 0.068 cm’/g,
respectively.

Table 1 - Physicochemical characteristics of CNTs obtained from graphite by electric arc-discharge

Current Elemental composition, % Specifi f 2 Specific pore
strength, A C o Si Fe Cl pecthic surface, m/g volume, cm¥/g
120 86,64 12,19 0,90 - 0,26 25,450 0,011
150 88,42 11,14 0,44 - - 56,203 0,024
170 87,04 12,48 - 0,48 - 159,737 0,068
200 85,04 13,19 0,50 1,27 - 140,143 0,060

As can be seen from the research data, the highest specific surface area - 159.737 m?/g is observed
where the current strength was 170 A, at a constant voltage of 50 V (in an inert argon atmosphere).
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Figure 2 - Electron microscopic images of CNTs at current strength: a) 120; b) 150; ¢) 170; d) 200 A

The electron microscopic images shown in Figures 2 show that CNT particles with a diameter of 58 to
370 nm are rolled into a single, seamless, cylindrical shape. The length of nanotubes can reach tens of
micrometers; the end of such a tube can be open or closed by a fullerene-like hemisphere. The cylindrical
surface of the tubes is formed by hexagons. In real nanotubes [22], due to the existence of pentagons and
heptagons and structural defects, the formation of bridges and the curvature of the cylindrical surface are
observed.

Figure 3 shows the Raman spectra of CNTs obtained after an electric arc-discharge at 120, 150, 170,
200 A, which contain graphite-like carbon of varying degrees of crystallinity and order.
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Figure 3 - Raman spectra of CNTs after an electric arc-discharge at a current strength of:
a) 120; b) 150; ¢) 170; d) 200 A

We have determined the ratio of the intensity of the peak G to D (IG / ID) in order to assess the
quality of carbon-based materials in terms of the presence of defects [23-26]. The higher the ratio of G to
D, the higher the quality of the materials. The Raman spectra (figure 3a) of the obtained materials showed
three peaks at 1355 and 2730 cm’', corresponding to peaks D and 2D (signal with a defect) and 1576 cm’
signal G (graphite order), respectively. Increasing the current at a constant voltage of 50 V and a current of
120 A showed an IG / ID ratio of 2.33, which is indicated by the presence of defects. Increasing the
current, increases the temperature in the arc, i.e. between the two electrodes and the process of
carbonization of the carbon material is accelerated. With an increase in the current of 170 A (figure 3 (c)),
the process proceeds with the formation of graphite at 1580 cm™ and graphene at 2720 cm™', as well as
CNTs, as indicated by the high ratio IG / ID = 1.271. With an increase in the current strength of 200A
(figure 2 (d)), the carbonization process proceeds with the formation of predominantly graphite-like
materials. As shown by the Raman spectrum, a weak peak at 1350 cm™ and a high signal intensity at
1570 cm™ G, as well as a weak 2D peak at 2720 cm™ indicate a high IG / ID ratio of 3.25.

A narrow intense peak G at 1582 cm™ together with a weakly pronounced peak D at 1365 cm™ are
characteristic of rather large (on the order of several micrometers) graphite particles. The appearance of a
peak in the region of ~ 2700 cm™ (2D peak) indicates a certain ordering of the structure under study. The
broadening of the peaks, as well as an increase in the intensity of the 2D defect peak, indicate the presence
of the formation of carbon nanotubes. Broadening of peaks in Raman spectra, as well as an increase in the
intensity of the defect peak D, indicate the presence of the presence of finely dispersed graphite particles
and the formation of carbon nanotubes.

Thus, the method for producing carbon nanotubes is based on the electric arc-discharge of graphite,
which is the most promising method for the industrial production of CNTs and provides a product with a
relatively high multilayer fraction and uniformity of the fraction, which determines the achievement of the
strength characteristics required for structural materials.

Acknowledgement. This work was carried out as part of the scientific and technical program
No IRN BR05236359 “Scientific and technological support for coal processing and production of high-
value coal products” and project No. IRN AP05130707 on the theme “Development of technology and
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JIEKTPIOFAJIBI 9IIC BOMBIHIIIA KOMIPTEKTI HAHOTYTIKIIE CUHTE3I

AnHoTanus. Makanmaia >JeKTpIOFalmsl omiciMeH keMiprekti HanoTyTikmenep (KHT) cuHTe3i yCHIHBUIFaH.
KHT amy ymriH rpadutTi 35IeKTpIoFanbl paspsaaray yaepici xyprizingi, 50 B TypakTel kepreyzaeri Tok kymri 120,
150, 170, 200 A xypamsl (MHEPTTiI OpTa — aproH). DIeKTPoHIs MUKpockonusi, BOT xone PamaH - cnekTpockomnus
ozicTepl apKbUIbl YITUIEpAiH XUMHSIIBIK KYpaMbl, OCTIHIH MEHIIIKTI ayJaHbl aHBIKTAJIIbI, AIIBIHFAH YITUIepAiH OeTKi
MOP(OIOTHACH 3epTTenti. beTTiH MeHIIIKTI ayaaHbl MEH KeyeK KeJeMiH aHBIKTay HOTIKeNepl KOpCeTKeHICH, TOK
KYIOTiH apTybIMEH OETTiH MEHIIIKTI ayJaHbl XoHe Keyek Konemi 25,450 nen 159,737 m? / T neiiin xoHe colikeciHme
0,011 cm’/r-nen 0,068 cm>/r neiin apTajbl. DIEKTPOH Bl MUKPOCKONHUSIIBLIK CYpETTEpE AuameTpi 58-nen 370 HM-Te
neiiinri KHT Genmiexrepi kepceTirex, onap 01pTeKTi, IMITHHIAPIIK MilliH Kypaiiael. HaHOTyTiKIIenepaAiH Y3bIHABIFbI
OHJIaFaH MHUKPOMETpI'€ )KETyl MYMKIiH, MYH/ai TYTIKTIH COHbI (yJulepeHre yKcac >kapThl NIapMeH alllbLIybl HEMece
%aObLTybl MYMKiH. Paman criekTpinie Tap Kapkbinasl G mbiHbl 1582 cm!'-nie xone ipi (GipHene MUKpoMeTp) rpadur
OemnmekTepine ToH 1365 cM-ne D aiikpIH eMec mbIHBI Gaiikanaasl. ~ 2700 cM™' (HIBIHEL 2D) aiiMakTa IIBIHHBIH
maiina OoJyBl 3epTTENICTIH KYPBUIBIMHBIH OCnTisi Oip peTTuririH aikeiHmgainsl. [IIBIHHBIH KeHeroi, conman-ak 2D
IIBIHBIHBIH KapKBIHIBUTBIFBIHBIH apTyhl KOMIPTEKTI HAHOTYTIKIIENEpiH Makiaa OOTysIH KepceTeTi.

Kymricra kemiprekti HaHotyTikmenepai (KHT) snexrpaoransl To3aHmaTy OHiCiMEH CHHTE3A€Y YCHIHBUIFAH.
DNeKTpAOoFaibl 9MIici Ka3ipri yakpiTTa akayceis KHT amynsry kem TapairaH ofici OONBIN caHamambl. OIICTIH MOHI —
MHEpTTI ra3 armocepacblHIa >KaHATBIH [JOFA Pa3psAATHl IUIAa3MaJarbl I'padUT SIEKTPOABIHBIH TEPMHSIIBIK
IIAIIBIPAYHI.

YiriiepaiiH 2JIEMEHTTIK KYpaMblH, KYPBUIBIMBIH JKoHE euiieMiH 3eprrey EDAX-TeH sHeprusi qucnepcuschiH
Tanmayra apHainran npedukci 6ap COM (Quanta 3D 2001) KyphUIFBICHIHIA SHEPTHSIHBI TUCTICPCHSIIBIK PEHTTCHIIK
CHeKTpockonus opiciMeH xkyprizinai. KemiprekTi Momudukanusiaay TypiH 3epTrey PamaH CIIEKTPOCKOMHSCHI
apKbUIBl JKapbIKTBIH KOMOMHAIMsIIBIK mambipay oaicin (KKIL) xomnany apkeiisl xyprisinmi. JKKII cnexrpnepi
HORIBA Jobin Yvon acna0sinna xoHe Integra Spectra 30HATHI ckaHepiiey MHKPOCKOIIBIH/A, TOJIKBIH Y3BbIH/BIFBI
473 M OonaThIH J1azepl KoyigaHa OTHIpbIN ka3puiabl. OpHaty mapamerpiiepi: KyaTsl — 35 MBT, KarTel Kyiineri
mazep, Top — 600 / 600. BeriHiH MEHIIIKTI aymaHBI, MIEKTi TONTHIPY OOWBIHINIA MEHIIIKTI KeyeK KemeMi bpyHayap-
Ommer-Temnep (BOT) omicimen 3eprrenami. Ommey Sorbtometer m KaTtakoHBIHAA KYpri3unmi. bertiH MeHITiKTI
ayIaHbl MCH MEHIIIKTI K€yeK KOJIEMiH aHBIKTay HOTIKEIEPl TOK KYIIiHIH YIIFAafObl Ke3iHAe HAaKThl OeTi MeH MEHIIIKTI
KeyeK KojeMi colkecinme 25,450-mem 159,737 m*r-ra peiiin xome 0,011 cm®/r-mem 0,068 cm’/r-re mehin
YIFasTBIHBIH KOpceTel. DIEKTPOHAbl MHUKPOCKOMHSIIBIK cyperrepiae auamerpi 58-meH 370 um-re neitinri KHT
OeJreKTepi KOPiHEIl, Oap TyTac, TIiricci3, MUIMHAPIIK MilmHre opaarad. HaHOTYTIKIIeIepaiH Y3bIHABIFB OHIAFaH
MHUKpPOMETpre *eTyi MYMKiH, MyH/ail TYTIKTiH YIIbl alllblK HeMece kaObIK (yJulepeH Topi3ai *KapThl 1ap OOIybl
mymkin. XXKII cnexrpinge 1582 cm! kesimgeri G Tap KapKplHAbI WIBIHBL, 1365 cM-' kesimmeri d conm ailikbiH
WBIHBIMEH Gipre rpadut Gesmmuekrepine ToH (GipHeme MUKpoMeTpre KybiK). ~2700 cm™! (2D mibiHbl) aliMarbIHIaFsl
IIBIHHBIH KOPIHICI 3epTTENCTiH KYPBUIBIMHBIH Oenriti Oip perrimirin kepceremi. LIIbIHHBIH KeHEIOi, COHmal-ak
akaynel 2D MIBIHBIHBIH KapKBIHIBUIBIFBIHBIH apTybl KOMIPTEKTI HAHOTYTIKTEPMAiH maiga OoirybslH KepceTenmi. bi3
aKayJapIblH OOJybl TYPFBICBIHAH KOMIpTEri HeTi3iHJeri MaTepualgapiblH canachlH Oaranay yiliH G IIBIHBIHBIH
D (IG/ID) xapKbIHABUIBIFBIHBIH apaKaTbIHACBIH aHBIKTaObIK. G-HIH D KaThIHACHI HEFYPIBIM JKOFaphl 0OoJca,
MaTepHalIapIblH Canachl COFYpPJIBIM JKOFapbel OoJafbl. AJIBIHFaH MaTepHalAapIblH KOMOMHAIMSUIBIK LIALIBIPAY
criekTpiepi coiikecinme D sxone 2D mbiHmapeina (akaybl 6ap curHan) coiikec KenetTin 1355 sxone 2730 cm! sxome
1576 cm! G curHaneiHa (rpaguT peri) colikec KeNleTiH ym IObIHABI KepcerTi. 50 B sxome 120A TypakTel
KepHeyJiepieri ToK KyuiHiH xorapbuiaybl IG/ID 2,33 kaTbIHACHIH KOPCETTI, OYJI akayaapabiH OONAThIHBIH OLIIIpeIi.
Tok KyLIHIH JKOFapbulaybl AOFaJarbl TEMIIEpaTypaHbl JKOFapbUIaTazpbl, SSFHU €Ki DJIEKTPOA apachblHla KOMIPTEKTi
MaTepualibl KapOOHU3aIusuiay yuaepici xenenaerai. 170 A TOk KyliHiH >KOFapbuiaybiMeH (2 (B) cyper) yaepic
rpaputr 1580 cm!' xome rpaden 2720 cm’!, compaii-ax KHT tysymen xypemi, 6yn IG / ID = 1,271 xorapsl
KaTbiHachlH Kepcereni. 200A TOK KYIIiHIH >KOFapbulaybIMeH (2-cyper (T)) KapOoHHM3alus yaepici Heri3iHeH rpadur
Topi3ai MatepuannapabH maiina Gonysl Herizinge xypemi. JKKI kepceTkenaeit, obmbicTarsl aincis mbiH 1350 cm!
JKQHE CUTHAJIIBIH YJIKEH KapKbIHIBUIBIFBI 1570 em’! G, conpaii-ax 2720 cm™! canacsiagars! oncis mely 2D IG / ID-Hig
3,25-ke TeH XKOFaphl apaKaThIHACHIH Kepcereni. Ochbuiaiiima, KOMIpTeKTI HAHOTYTIKIIENEpAi amy ofmici rpadurTig
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CHUHTE3 YIJIEPOAHBIX HAHOTPYBOK 3JIEKTPOAYI'OBBIM METOJ1OM

AnHotanusi. B paborte mpencraeieH cuHTe3 yriaepoaHbix HaHOTPyOok (YHT) meromoM 351eKTpOayroBOro
pacibuIeHHs. JJIEKTPOJIYroBOH CIOco0 B HacTrosiiiee BpeMsl sBisieTcs HauOojiee pacipOCTPaHEHHBIM METOIOM
noxyuenus Oeznpedextoix YHT. CyTh MeTOZa COCTOMT B TEPMHUYECKOM paclbUIEHHH Ipa)UTOBOTO JIEKTPOJa B
IUIa3Me JYyroBOTO paspsja, ropsumero B armocgepe uHeptHoro rasza. s nomyuennss YHT nmpoBoauics mporecc
ANEKTPHYECKOTO AYTOBOTO pa3psna rpadura, Criia TOKa IpH MOCTOSTHHOM Hampspkernn 50 B cocrasmma 120, 150,
170, 200 A (unepTtHas cpenma-aproH). C HCIIONB30BaHMEM METOJOB J3JEKTPOHHOW MuKpockomuu, BOT u
KOMOHMHAIIMOHHOTO PACCESHUs OIpENesieH XUMUYECKHH CcOCTaB, yAeNbHas MOBEPXHOCTh M M3ydeHa Mop(hoiorus
MOBEPXHOCTH IOIYy4YEeHHBIX 00pa3noB. MccnenoBaHnue 31€MEHTHOTO COCTaBa, CTPYKTYPhI U pa3MEpHOCTH 00pasioB
MIPOBOIMIIA METOZOM DHEPTOAUCIEPCHOHHON PEHTIEHOBCKOM CrieKTpockonuu Ha npubope COM (Quanta 3D 200i) ¢
MIPUCTABKOW [UIS SHEPTroANCIepcHoHHOr0 aHainu3a oT EDAX. M3y4yenne Tuma MoauduKanuy yriepoaa MPOBOIUIN C
MOMOIIBI0 PaMaHOBCKOM CIIEKTPOCKOIUHU C KCIOJIb30BAHUEM METOAa KOMOMHAIMOHHOTO paccestus csera (KPC).
Cnextpsl KPC o6pa3uos 3amuceiBaiu Ha npubope HORIBA Jobin Yvon u 30HI0BOM CKaHHMPYIOILEM MHKpPOCKOIIE
Integra Spectra ¢ ucnosib30BaHMeM Jazepa ¢ JJIMHON BOJIHBI u3myueHus 473 M. [lapaMeTpsl yCTaHOBKU: MOIIHOCTD -
35 MBT, TBepmotenbHbIi nazep, pemerka —600/600.Y nenpHas MIOMIAAb HOBEPXHOCTH, YAEIBHBIH 00BEM MOp IO
NpeebHOMY 3allOJHEHHIO M3ydal MeTonoM bpyHayspa-Ommera-Temnepa (BOT). M3mepenust npoBoauiau Ha
npudope KATAKOH Sorbtometer M. Pe3ynbraTsl onpezeneHust yaeabHOH IUIOMAAN TOBEPXHOCTH U 00OBEM ITOP
MOKAa3bIBAIOT, YTO IPH yBEJIECUCHUH CHJIBI TOKA YAEIbHAs OBEPXHOCTh U YACIbHBIA 00BEM IOp yBEITHUMBAIOTCS OT
25,450 mo 159,737 m*r u or 0,011 cM’/r mo 0,068 cM’/r coorBercBeHHO. Ha 3IEKTPOHHO-MHKPOCKOIUIECKHX
cHuMKax BuaHB dactuiel YHT ¢ mmamerpom ot 58 mo 370 HM, KOTOpbIe CBEpHYTHI B LENBHBIA, O€3 IIBOB,
UIMHIPYecKoil hopmsl. JIIMHAa HAHOTPYOOK MOTYT IOCTUTaTh JIECATKOB MUKPOMETPOB, KOHELl TAKOW TPYOKH MOXKET
OBITH OTKPBITBIM WIJIM 3aKpPBITBIM (yiuiepenononoonoi nonycdepoit. Ha KPC cnekrpax oOHapyeH y3KHi MHTEH-
cuBHbI muk G mpu 1582 cM™!' BMecte co cnabGoBeIpaxkeHHBIM koM D mpu 1365 cm™! xapakTepHsI 171 10BOJIBHO
KPYIHBIX (MOPSIKA HECKONBKAX MHUKPOMETPOB) TpaduroBbix yactui. [possnenue nuka B obmactu ~2700 cm!
(2D nwuk) ykasplBaeT Ha OINpPEAEICHHYIO YIOPSIOYEHHOCTh MCCIIEyeMON CTPYKTYphl. YUIMPEHHUE IHKOB, a TaKXkKe
YBEJIMUYEHNE HMHTEHCHBHOCTH JedekTHoro muka 2D CBUIETENBbCTBYIOT O HaIWYUM (OPMHPOBAHMS YTIIEPOJHBIX
HaHOTPYOOK. Hamu ompeneneno coorHomenne nHTeHCMBHOCTH nHKa G k D (IG / ID) ¢ nenbio OLEHKH KayecTBO
MaTepHalioB Ha OCHOBE YIJIepoJa ¢ TOYKH 3peHHs Hamuuus nedexToB. Uem Boime otHomenne G k D, tem BbIme
Ka4ecTBO MaTepHaioB. CIEKTphl KOMOMHAIMOHHOTO PACCESHUS MOIYYEHHBIX MAaTCPHAIOB MOKA3AIM TPH ITHKA MIPU
1355 u 2730 cm'!, coorBercTByrommM mukaM D u 2D (curman ¢ gedexrom) u 1576cm™! curman G (rpaduroBbiil
MOPSII0K), COOTBETCTBEHHO. [IOBBIIIICHNE CHIIBI TOKA IMPH MOCTOSHHOM HampspkeHuH 50 B m Toka 120A moxa3zamo
otnourenue 1G/ID 2,33, Ha uro yka3biBaeT Ha Hannuue AedexToB. [ToBblIeHHEe CHIIbI TOKA MOBBIIIAET TEMIIEPATYPY
B AyTe, T.€. MEXy IBYMsI JIEKTPOJAMU M yCKOPSETCs Mpoliecc KapOoHM3anuu yriepogHoro marepuana. C moBbl-
menneM cuitbl Toka 170 A (pucynok 2 (B)) mponece uaet ¢ oopasoBanueM rpadura 1580 cm! u rpadena 2720 cm™,
a taoke YHT, Ha uto ykasbiBaeT Bbicokoe otHourenue IG / ID = 1,271. C nosbimiennem cuibl Toka 200A (prcyHok 2 (T)
nporecc KapOOHHM3alMKM TPOTEKaeT ¢ 00pa3oBaHHMEM NPEHMMYILIECTBEHHO rpadUTONnono0HbIX MaTepuanoB. Kak
nokasan KPC, criektp cnabpiii muk B o6mactu 1350 cm! u Gonbinas uarencusHocTs curnana 1570 em! G, a taxxke
cnabplii nuk 2D B obnactu 2720 e’ yka3pBaloT Ha BhIcokoe cooTHomenue 1G / ID pasroii 3,25. Takum o6pasom,
CHoco0 MOJy4eHHsI YIJIEPOAHBIX HAHOTPYOOK ITOCTPOEH Ha OCHOBE DJIIEKTPOIYTOBOTO paclblIeHus TpaduTa,
KOTOpBIN siBIsieTcsl Hanbojee MEepPCIeKTHBHBIM CIIOCOOOM IpOoMbIIUIeHHOTo mpou3BojacTBa YHT u oGecneunBaer
MOJTy4YEHHE NPOIYKTa C OTHOCHUTENBHO BBICOKON MHOTOCIOWHOCTBIO W OJHOPOJHOCTBIO (DPaKIMHU, YTO OMPEAEIIET
JIOCTHXEHUE MPOYHOCTHBIX XapaKTEPHCTHK, IPEABIBISEMBIX K KOHCTPYKIMOHHBIM MaTepraiaMm.

KuaroueBsie ciioBa: YHT, rpadur, 35eKTpoayroBoe pacbUICHHE, YASbHAS IOBEPXHOCTD, Tpa(QUTH3AIIS.
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