RUSSIAN ACADEMY OF SCIENCES
INSTITUTE OF SPECTROSCOPY
142092 Troitsk, Moscow region, Russia
Phone 334-05-79, fax 334-08-86
07.02.2000 No. 11221-01-2154

To No. 14, dated 28.01.2000

Attn.: Mr. V.S. Dubents,
Director,
NII for physics of fullerenes and new materials, RANS

Based on your letter No. 14, dated 28.01.00, on the conducting of works for analysis of and
comparison of structural parameters of the specimens of graphite produced by the Research Institute
for physics of fullerenes and new materials, of the Russian Academy of Natural Sciences
(NIIFF&NM RANS), the Institute of spectroscopy, of the Russian Academy of Sciences has
conducted investigations of Raman spectra of the aforementioned specimens and analysis with the
help of electron microscope.

The analyzed specimens represented powders of the following types:

Specimen 1 - thermally-expanded graphite (TEG), obtained in SHF installation using
traditional method, by the company ITC *“Orgenergoinzhiniring” DAO “Orgenergogaz” OAO
“Gazprom?”;

Specimens 2 and 4 - graphite, expanded using the method of resistive heating as per the
method of Petric V.I. produced by ZAO “NIIFF&NM RANS”;

Specimen 3 - carbon mixture of high-reactivity (USVR-VIP), obtained using the method of
cold destruction as per the method of Petric V.I., of production of ZAO “NIIFF&NM RANS”.

Parameters of measuring instrumentations and the software allowed conducting stable and
reliable measurements of all the specimens.

Microstructure of the specimens was observed with the help of Hitachi electron microscope
(potential of 12 kV) at magnification of 50, 150, 700 and 3100.

Image of specimen 1 are presented in figure la (magnification X50, marker length L=100
microns and 16 (X700, b=10 microns).

Images of specimen 2 are presented in Figure 1c¢ (magnification X50, marker length L =100
microns) and in Figure 1d (X700, b=10 microns).

Images of specimen 3 are presented in Figure le (magnification X50, marker length L = 100
microns), Figure 1 £ (X700, b= 100 microns) and Figure 1 x (X3100, b= 10 microns).

Images of the specimen 4 are presented in Figure 1h (magnification X150, marker length L
=100 microns) and1li (X700, b=10 microns).

The images of microstructure of the specimens with the help of electron microscope at lower
magnification (b=100 microns) testify to the fact that the specimen No. 3 is possessed of the
smallest vermicules, then follow the specimens of No. 4 and No. 2. Vermicules of the specimen
No.1 had the largest dimensions, while vermicules of the specimen No. 4 were thinner and longer.

Image of microstructure of the samples with high magnification (b=10 microns) testifies to
the fact that the specimen No. 3 have dimensions of the order of dozens of micrometers and form
granules having extended fibrous structure (bast-like) with diameter of fibers of about units and
even fractions of microns (Figuer. 1Zh) on the surface. Vermicules of the specimen 4 consist of
somewhat stuck together grains having size of about 10 microns.

Investigation of Raman spectra (RS) for the above specimens was carried out using 11-1000
GOVSH-UUOK spectrometer equipped with microscope in the mode of investigation of micro-



specimens. For the purpose of excitation, radiation at 514,5 nm of argon laser was used, focused
into a spot of up to 20 microns in diameter, which made it possible to target the spot at a uniform
area of the phase under investigation and monitor the absence of the influence of thermal effect of
the laser beam on the specimen. While examining the RS (as a matter of fact, spectra of natural
frequenfies of the medium under investigations) resolution of the instrument made approximately ~
1-5cm™.

Figure 2 presents spectra of the most well-known modifications of carbon. It is obvious that
identification of the compound under investigations can readily be made through these spectra.

Figure 3 presents RS of the specimens under investigations. When comparing the obtained
spectra against the reference spectra, one can certainly come to conclusion that micro- crystals of
mono-crystalline graphite are present in the specimens (the lines of 1580 cm™ and 2730 cm™ are
present in the spectrum, which corresponds to the first and the second order of oscillations of carbon
atoms in graphite plane), however, perfection of these crystals differs (one can judge as regards the
perfection of the crystals, based on the half-width of the lines of RS).

Most perfect are the single crystals | the specimen No. 2, and least perfect are the same in
No. 3. The specimen No. 4 occupies intermediate position between the specimens Nos. 1 and 2.
Besides, the specimen No. 3 has been a non-uniform specimen. This was obviously visible using
both the optical microscope, and the spectra of RS.

On the photograph (Figure 4) in the centre, one can see two sectors of the specimen No.3,
differing in color. (The distance between marks at the top makes 10 microns). Figure 5 shows the
RS spectra for these sectors (dark and light) and the overall view of RS (the upper curve) for the
specimen No.3 with the best signal-to-noise ratio.

Based on the RS, one can come to a conclusion that the specimen No.3 differs to a higher
extent from other specimens. With the smallest dimensions of particles it is more heterogeneous,
whereas the darker areas correspond to higher disorder of the structure of micro-crystals of graphite.
In the spectrum of the specimen No.3, luminescent is present, in the form of a wide strip - see the
upper curve in Figure 5. It should also be noted that the higher is the quality of mono-crystals, the
lower is the level of luminescence (see the spectra for dark and light sector).

This effect can take place in the presence of nanoparticles of carbon having dimensions of 1-
10 nm, naturally in the absence of any, whatsoever, foreign admixture [see Alexeev V.A. , Voronov
S.A., Melnik N.N., Optical properties of carbon nanoparticles. Burns on the trees within the district of
Tungus catastrophe. Collection of reports of international conference on ““Raman scattering 98,
Moacow, 1999, pages. 403-407].

In the specialists’ judgment, the results of performed investigations indicate that:

1. The specimens contain microcrystals of graphite. Perfection of microcrystals is varied.

2. The smallest in the size and least perfect were the microcrystals in the specimen No.3. The
specimen is also more heterogeneous as compared to the others, whereas the heterogeneity
manifests as well in perfection of microcrystals.

3. Presumably, nanocrystals of carbon are present in the specimen No.3 in the form of individual
carbon layers.

Regards,

Director,
Professor signed E.A. Vinogradov

Stamp:
Russian Academy of Sciences
Institute of spectroscopy
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POCCUMCKAS AKAJTEMUSA HAVK
MHCTUTYT CINEKTPOCKOIIUH

142092 r.Tpouuk, Mock. obaacte, Poccus
Tex. 334-05-79, daxc 334-08-86
2.0 . 2000 Ne £422i~0(~ 1/ 85Y Hupekropy

Ha Ne_ 7y osa 28-0/.2£60 HUM pusicn Gymiepenos
1 HOBbIX MaTepuanoB PAEH

r-ay B. C. [ly6eniy

Ha ocnoBanuu Bamero nmucema N 14 ot 28.01.00 r. o mpoBeneHuu padboThl 1O
aHaTM3y W CPAaBHEHUIO CTPYKTYpHBIX MapaMeTpoB 00pa3loB Tpadura MPOU3BOICTBA
HUN®DuHM PAEH HWHuctutyT cnektpockonuu PAH mpoBen uccrnenoBaHusi CHEKTPOB
KOMOMHAIIMOHHOTO paccesiHUsl BbILIEYKa3aHHBIX O0pa3lloB W aHajlu3 C IOMOIIbIO
3JIEKTPOHHOI'0 MUKPOCKOIIA.

AHanuzupyembie 00pa3ibl MPEICTABISIIA COOON OPOIIKH CIIETYFOIIUX THITOB!
Obpazenr 1 - tepmopacmmpennsnii rpadur (TPI'), momyuennsiii B CBY ycraHoBke

TpaauuuoHHbIM MeTojoM ¢upmont UTL] «Opraneprouwxunupuar» JAO
«Opraneproraz» OAO «I"aznpom»;
O6pasusl 2 u 4 — rpaduT, pacIUPEHHBIH CIOCOOOM PE3UCTHBHOTO HarpeBa Mo METOAY
ITerpuka B.U., npousBoactea 3A0 «HUMODPuHM PAEH»;
O6paszenr 3 - yriepoaHass cCMeCh BBICOKOU peakimumoHHOU crocoOoHocTu (YCBP-BUII),
MOJly4eHHAss CHOCOOOM XOJOJHOW JAECTPYKIUU TrpaduTa IO METOIy
ITerpuka B.U., npoussoactea 3A0 «HUNDDPuHM PAEH».

[TapameTpsl U3MepUTENBHON ammapaTypbl M IporpaMMHOe obecnedeHue
MO3BOJISUTM TPOBOIUTH YCTOMYUBBIE U HAJIEXKHbIE U3MEPEHUS BCeX 00pa3IoB.

MukpocTpykTypa o0Opa3moB HalmoAasach € TMOMOIIBIO 3IEKTPOHHOTO
Mukpockomna Xutauu (norennuan 12 KB) ¢ ysenuuennem B 50, 150, 700 u 3100 pas.

N3ob6paxxkenus obpasna 1 mpuBenensl Ha Puc. la (yBenmmuenme X50, nimunHa
Mapkepa L=100 mxm) u 16 (X700, L=10 mxm).

N3ob6paxkenus oOpasna 2 npuBeneHsl Ha Puc. 1B (yBemmuenme X50, niowHa
mapkepa L=100 mxm) u Puc. 1t (X700, L=10 mxm).

N3ob6paxkenus oOpasna 3 mpuBeneHsl Ha Puc. 1n (yBenmmuenume X50, miauHa
Mmapkepa L= 100 mxm), Puc. 1 ¢ (X700, L= 100 mxm) 1 Puc. 1 x (X3100, L= 10 Mxm).

N3o0paxenus obOpasna 4 npuseaeHsl Ha Puc. 13 (yBenmmuenwme XIS50, mnuna
mapkepa L=100 mxm) u 1u (X700, L=10 mxm).

N300pakeHUsT MUKPOCTPYKTYpPbl 00pa3loB IO 3JIEKTPOHHBIM MHUKPOCKOTIOM
npu MeHbimeM yBenmueHUH (L=100 MKM) CBUACTEILCTBYIOT, YTO HamboJiee MEITKUMHU
BepMUKYyJIaMH obsiagaet oOpaszein Ne3, 3arem cienyroT o6pasibl Ned u Ne2. Bepmukyst
obpasma Nel camble KpynHBIE, a BEpMHUKYJIBI 00pa3na 4 0ojee TOHKHUE U ITTMHHBIE.



N300paxkeHuss MUKPOCTPYKTYpbl 00pa3unoB mnpu Oonbmiem ysenuuenun (L=10
MKM) CBHJETEIbCTBYIOT, YTO BEPMHKYJbl oOpasma Ne3 wuMeroT pa3Mepsl Mopsijaka
JNECSITKOB MKM M 00pasyloT TrpaHyjbl, HMMEIOIINE Ha IOBEPXHOCTH BBITIHYTYIO
BOJIOKHHCTYIO CTPYKTYpY (110100HO MOYaITy) ¢ AMaMETPOM BOJIOKOH TIOPSIIKA €AMHUI] U JTAXKe
nosieir MkM (Puc. 1x). Bepmukynsl oOpasia 4 cocTosAT Kak Obl M3 CIUMIIMXCA KPYMUHOK
pazMepom okoio 10 MkMm.

UccnenoBanust crnekTpoB komOuHanmoHHoro paccesHus ceta (KPC) mns
BBIICYKA3aHHBIX  OOpa3lOB  NPOBOAWIMCHL HAa  OCHAIIEHHOM  MHKPOCKOTIOM
criektpomerpe U-1000 JOBIN-YVON B pexume wuccieqoBaHUsS MHUKpooOpas3ioB. s
BO30YKJIEHUSI HCIONB30BaNOCh W3NydeHne 514,5 HM aproHoBOro Jaszepa, KOTOpOE
¢dbokycHupoBaioch B MATHO AuamMeTpoMm A0 20MKM, 4TO AaBajo BO3MOXXHOCTh HAaBOAWTH
MSTHO HAa OJHOPOJHBIA Yy4YacTOK HccienyemMor (a3pl M KOHTPOJIUPOBATH OTCYTCTBHE
BJIUSIHUS TEIJIOBOIO BO3JACHMCTBHS Jia3epHOro Jjyda Ha oOpaseu. [lpu wuccrenoBanuu
cnektpoB KPC (1o cyTu cnekTpoB COOCTBEHHBIX 4acTOT KOJECOAHUN MCCIIEAYEeMOM CpeJibl)
paspernieHue nmpudopa cocTaBisio ~ 1-5 em™.

Ha Puc.2 mnpencraBieHsl CHEKTPHl Hauboyiee M3BECTHBIX MOIU(UKAIII
yriaepojga. BuaHo, 4To 1o chmekTpaM MOXKHO YBEPEHHO NPOBOAMTH HIECHTU(UKAINIO
UCCIIEyEMOT'0 COEITNHEHMS.

Ha Puc.3 mnpusenenst crnektpel KPC wuccnemyembix o0pas3ioB. CpaBHHBas
MOJIYYECHHBIE CIIEKTPHI C 3TAJJOHHBIMU MOYKHO C YBEPEHHOCTBIO 3aKIIFOUUTh, YTO B 00pa3iax
NPUCYTCTBYIOT ~ MHUKPOKPUCTAJUIBI ~ MOHOKpHUCTAJUIM4EeCKoro rpadurta (B CIEKTpe
MPUCYTCTBYIOT mojockl 1580 e u 2730 em’, uto COOTBETCTBYET MEPBOMY U BTOPOMY
MOPSIIKY KoJieOaHUN aTOMOB yTiiepojia B TpadUTOBOM TUIOCKOCTH), OJJHAKO COBEPIIECHCTBO
ATUX KPUCTAJUIOB PA3IHYHO (O COBEPIICHCTBE KPHUCTAIIJIOB MOXHO CYJIUTh MO MOTYIIUPUHE
munuii KPC).

HaubGonee coBepiieHHbIE MOHOKpHUCTAUIBI B oOpasme Ne 2 u HaumeHee
coBepiieHHBI B 00pasiie Ne 3. O6paszenr Ne 4 3aHUMAaeT MPOMEKYTOUHOE MOJOKEHUE MEKTY
obpasiamu Ne 1 u Ne 2. Kpome Toro, oopazerr Ne 3 siBiisieTcsi HEOTHOPOAHBIM 00pa3oM. ITo
BUIHO KaK B ONITUYECKUH MUKpOCKOM, Tak 1 1o cnektpam KPC.

Ha ¢ororpapun (Puc.4) B 1menTpe BuUIHO JABa ydacTka ooOpasma Ne3,
oTiauyaroniuecs no usery. (Paccrosinue mexay mrpuxamu BBepxy paBHsercs 10 MKM).
Ha Puc.5 npuenenst cnektpsl KPC aiist 3TUX y4acTKOB (TEMHOTO U CBETJIOTO) U OOIIHiA
Bua cnektpa KPC (BepxHss kpuBas) aias obOpasma Ne3 ¢ nydmmM OTHOIICHHEM
CUTHAJI/IITYM.

N3 cnektpoB KPC MO0kHO 3aKiIO4UTB, YTO HawbOoOjee OTIMYAETCS OT JPYTHX
o0pasuoB obpazer; Ne3. [Ipyn HaMMEHBIINX pa3Mepax yacTUI] OH OoJjiee HEOTHOPOACH, IPUYEM
0osee TEMHBIE YYAaCTKH COOTBETCTBYIOT OOJbIICH pa3yHoOpsSA0YEHHOCTH CTPYKTYpPHI
MUKpPOKpHCTAIOB rpadura. B cnextpe o6pasma Ne3 mpucyTCTBYET JIIOMHHECIICHITUS B BUIC
HIMPOKOM TOJIOCHI - CM. BEPXHIOW KpuBYIO Puc.5. CnegyeT 3aMeTUTh Tak)Ke, YTO YE€M BBIIIE
KaueCTBO MOHOKPHUCTAIIJIOB, TEM HWXXE YPOBEHb JIIOMUHECHEHIUU (CM. CHEKTPBI IS
TEMHOT'O U CBETJIOT'O y4acTKa).

Jauubiii 3Qdekr MOoXKeT BO3HHMKATh NPH HAIWYUU HAHOYACTHI[ YTIIepoja
pasmepoMm 1-10 HM, eCTECTBEHHO, MPU OTCYTCTBHHM KaKOW-THMOO WHOPOIAHOU MPUMECH [CM.
Anexceeé B.A. Boponose C.A. Menvnux H.H. Onrnuecknue cBOMCTBAa HAHOYACTHIL yIIIEPOJA.
Oxoru Ha AepeBbsix B paiioHe TyHrycckoit katacTpodvl. COOpHUK OOKIAO08 MENCOVH.
kongh. "Kombunayuonnoe paccesnue 98 ", Mockea, 1999, cc. 403-407].



[lo MHEHHIO CHEUUaIuCTOB, PE3YJbTaThl MPOBEACHHBIX HCCIIETOBAaHUN

YKa3bIBArOT HA TO, YTO:

L.

2.

OO6pa3ib coJiepkar MUKPOKPHCTAILTBI rpadura. CoBepIieHCTBO
MHKPOKPHUCTAIIJIOB PA3IHIHO.

HaumeHbiine Mo BeIMYMHE W MEHEE COBEPIICHHBIC MHKPOKPHUCTAIBI B 00pasiie
Ne3.  OOpazen Takxke Ooljiee APYTHX HEOJHOPOJICH, MPHYEM HEOJHOPOIHOCTH
MPOSIBJISICTCS U B COBEPILIEHCTBE MUKPOKPHCTAILIOB.

[MpennonoxurensHo B oOpasiie Ne3 mpUCYTCTBYIOT HAHOKPUCTAUIBI YIJIEpoJia B BHIC
OTJCIBHBIX YIJICPOIHBIX CJIOCB.

C yBaxeHHEM
Hupexrop
npogeccop —

E.A.Bunorpanos




T ] T T 1 ] I T T ] T T T L R e e T B REas Pee by TR |

||||||||||||||||||||||||

1000 1500 2000 2500 3000 3500

Puc.l




KPC yrnepoanbix coeannennii

a-yriaepoa

HRHOTPYOxm,
NORSpuCTSAN TPageTa

T, T /5\ $yrrepen
: A pasynopsjosannsiit rpagur

o ,Jf\\__ Klpﬂl!l N S

1000 2000 3000

Puc.2



1000

750 -

500 ;

250 ;

TeMHBIHN

CBeTJIbIH

FE2)

1000































Puc.la



	Спектроскопия eng
	спектроскопия1

