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1. Introduction

Carbon onions consist of concentric
multilayered graphitic sheets and can be attributed
to the fullerene family. This new carbon
nanomaterial was first reported by Ugarte [1] and
has attracted great interest of specialists in field of
nanotechnology, material science and hydrogen
energetic. The carbon onions were intensively
investigated by  different structural and
spectroscopic methods such as high-resolution
electron microscopy (HREM), Raman
spectroscopy  (RS), electron energy loss
spectroscopy (EELS) and some other. Nevertheless
many questions concerning carbon onions
formation, structure and properties are still unclear.
One of these questions is why onions structure is
highly spherical and how the graphitic carbon
atoms rearrange to attain sphericity. This and some
other questions have not yet been cleared up
because of the difficulty in mass production of the
carbon onions. Else one reason of such situation is
the difficulty in comparison of structural and
spectroscopic results obtained by various authors,
which used the materials of different origin.

The main objective of this investigation is to
carry out the investigation of carbon onions of
identical origin by complex of structural and
spectroscopic methods and to study some
properties of this new carbon nanomaterial,
especially the possibility of hydrogen storage.

2. Experimental procedure

The carbon onions were prepared by
annealing the diamond nanoparticles in vacuum
according the procedure described in [2].
Nanocrystalline diamond can be produced by a
variety of methods such as thin film deposition,
detonation synthesis and shock explosion. One of
the authors formerly took part in the production
and structure investigation of the diamond
nanopowders prepared by explosive method using
a carbon containing blasting agent as a precursor
[3,4]. Here namely such explosive nanodiamond
was used for carbon onions production.
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The crystal structure of the initial
nanodiamond and the products of the vacuum
annealing at 1000 and 1500°C was studied by X-
ray diffractometry (XRD) and HREM. The
dependence of the *cos?0/A% (B is the angular half-
width of the X-ray peaks after correction for
instrumental broadening) on 4sin®0/A* was used for
separate determination of the lattice distortion da/a
and mosaic blocks size D. The X-ray
diffractograms were compared with the select area
electron diffraction (SAED) from diamond
nanoparticles and prepared onions. The HREM
was accompanied by EELS to estimate the amount
of sp” bonded carbon on different stages of the
diamond to onions transformation. The results of
EELS were compared with the data of RS. For
nanodiamond particle size determination we also
used the small angle X-ray scattering (SAXS).

The hydrogen high pressure apparatus,
cryogenic system and volumetric method were
used for estimation of the carbon onions
interaction with hydrogen.

3.Results

In Fig.1 the X-ray diffractograms for

different stages of nanodiamond to onion
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Fig.1. The stages of nanodiamond to onion
transformation

transformation are shown. For comparison the
diffractogram of the diamond with 20um particle
size also presented. The diffraction peaks both



diamond nanoparticles and onions (the product
obtained at 1500°C) are extremely broadened. It
especially clear when compare with the sharp
peaks of conventional diamond powder. After the
annealing at 1500°C the diffractogram transformed
into the  diffractogram with intensive broad

graphite peak (002) at 25 © 20. The similar but
very weak peak can be observed after treatment
also at 1000°C. The data of X-ray diffraction
correlate with the SAED( Fig.2).
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Diamond Graphite (onions)
Fig.2. SAED for nanodiamond and onions

The analysis of the angular dependence of
the X-ray peaks broadening have shown that f3 is
determined  exceptionally by small diamond
particles size which estimated as 5 nm. This result
is confirmed by HREM of diamond nanopowders

(Fig.3).

Fig.3. HREM of diamond nanoparticles

One can observe that small graphite sheets already
exist on the surface of diamond nanoparticles.

After annealing in vacuum the spherical carbon
onions consisting of concentric graphitic sheets
were obtained. According to the HREM (Fig.4) the
onions size is also about 5 nm equal to that of
diamond nanoparticles.

Fig.4. HREM of carbon onions

RS and EELS of the initial diamond
nanoparticles and carbon onions confirm the
transformation of the carbon-carbon bonds from
sp3 to sp2 type.

Investigations of hydrogen absorbing
properties of carbon onions prepared in this work
revealed the cryogenic hydrogen capacity more
than 12 wt%.
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1.BBenenue

Yrnepoansie nykoBuibl (YJI) cocrosrt uz
KOHIICHTPUYECKUX TpadUTOMOTOOHBIX CIOEB,
o0pazyromux chepruuecKue YacTHIIBI THAMETPOM
JI0 HECKOJIBKUX JECSITKOB HAHOMETPOB. BriepBbie 0
TaKOM MaTrepuaje coo0IIajIoch B CTaTbe Yrapre
[1] 1 ¢ Tex mop YJI BEI3BIBAIOT UHTEPEC Y MHOTUX
CIETMaJICTOB B 00JIACTH HAHOTEXHOJIOT A,
MaTepHaIOBEACHUS U BOJOPOTHON SHEPTETHUKU.
OHU UHTEHCUBHO UCCIIEIOBAINUCH PA3TUYHBIMU
CTPYKTYPHBIMU U CIIEKTPOCKOINYECKIUMU
mMeTonamu. OHAKO, MHOTHE BOTIPOCHI,
Kacaromuecss oOpazoBaHusi YJI, uX CTpyKTypsl U
CBOICTB /10 CUX IOP HE BbISICHEHBI. OJTHUM U3
TaKHUX BOIIPOCOB SABJSAETCS chepruaHOCTs YJI 1
MEXaHU3M €€ (OPMHUPOBaHMS. DTOT U MHOTHE
JIPYTHUE BOMPOCH OCTAIUCH HEBLIICHEHHBIMHU, BO-
MEPBbIX, M3-3a TPYJHOCTH TPUTOTOBIEHUS YJI B
OTHOCUTEIHHO OOJIBIITUX KOJUIECTBAX U, BO-
BTOPBIX, H3-32 TOTO, YTO OOJIBITHHCTBO
CTPYKTYPHBIX U CIIEKTPOCKOMUYECKUX
rccieqoBaHni ObLTO BBIMOMHEHO Ha YJI
pa3IUYHOTO TeHEe3ucA.

OCHOBHaJ 1IeNTb 3TOH pabOThI 3aKITFOYASTCS
B UCCJIEOBAHUY NIPUTOTOBJICHHBIX B UICHTUYHBIX
ycnoBuax YJI ¢ uCnosnb30BaHUEM KOMILIEKCA
CTPYKTYPHBIX U CIIEKTPOCKOIUYECKUX METOJIOB U B
OTIpe/IeTICHNH BO3MOKHOCTH U YCIIOBUH COpPOIIMU
BOJIOPO/Ia THUM MaTepUaoM.

2.9KcnepuMeHT

VJI ObLTH IPUTOTOBJIEHBI OT)KUTOM
anMas3HbeIx HaHomnopomkos (AHIT) B Bakyyme B
COOTBETCTBHH C METOJMKOM, OMTUCAHHOM B [2].
Hanokpucrannudeckuii anma3s MOKET OBITH
IIOJIy4€H PAJOM METOJO0B, TAKUX KAK OCAXIEHHE
TOHKHX IUIEHOK, IETOHAI[MOHHBIE METOIBI U
apyrue. OnuH U3 aBTOPOB 3TOM padOTHI paHee
MIPUHUMAJ Y4acTHE B HCCIICAOBAaHUU
ocobeHHocTel cuHTe3a U cTpyKTypsl AHII,
MPUTOTOBJICHHBIX METOAO0M OE3KOHTEHHEPHOTO
B3pbIBa [3.4].

Kpucrannuueckast CTpyKTypa HCXOIHBIX
AHII u cTpykTypa mpoayKToB, 00pa3yromuXxcs B
pe3ynbTaTe UX oTkura B Bakyyme npu 1000 u
1500°C, ncceoBamy peHTT€HOBCKAM
TU(PPaKTOMETPUUIECKUM METOJOM U METOI0M
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BBICOKOPa3peIIarmeil 3eKTpOHHON
mukpockonuu (BPOM). 3asucumocts B cos’0/A”
(B -monymuprHa peHTreHOBCKUX JIMHUH Mocie
WCIIPaBIICHIS] HA MHCTPYMEHTAIBHOE YIIHNPEHHE)
ot 4sin’0/A> 6bLIa HCTIONB30BAHA IS
Pa3enpHOTO ONpeeNeH s HCKaKEHUH PeIIeTKN
Aa/a v pazmepa o01acTell KOorepeHTHOTO
paccestaus D. PeHTreHOBCKHE TUQpaKTOrpaMMEIL
CPaBHHUBAJINCH C AJIEKTPOHHON MUKpoAU(paKuuei
ot AHII u YJI. BPOM conpoBoxaanack
CHEKTPOCKOIHEH YHEPTETHIECKUX TTOTEPh
anekTpoHoB (CIIID). Pesynprater CIIID
CPaBHHBAJH C MOTyYEHHBIMHU B pa00OTe TaHHBIMU
o Pamanosckoit cnekrpockommu (PC) AHIT u
nosryqaeMbIx u3 HuX YJI. Pazmep vactun
HCCIIEIOBAHHBIX B Pa0dOTE MOPOIIKOB OMpPEAEIISITN
TaK)KEe METOJIOM MaJOyTIOBOTO PACCESHHS
PEHTIC€HOBCKUX JIy4YeHl.

[IpuGop BbICOKOTO AAaBICHUS BOAOPOJAA U
KpUOTEHHAsl CHUCTeMa OBLITH HCITOIE30BAHBI IS
OTICHKH BOJOPOI-COPOITMOHHOM criocooHOCcTH YJI.

3.Pe3yabTarhl.

Ha puc.1. npuBenens! nudpakTorpaMMBl ISt
pasnuaHbIX cramuii mpeBpamenus AHII B YJI. [{ns
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Puc.1. Craguu npepamenust AHII B VJI

CpaBHEHUS MPUBEICHA TaKXKe TU(pakTorpamMma

anmMasa ¢ pasmepom vactur 20um. PeHTreHoBckue
nuHuM Kak ucxonnoro AHII tak u VJI ouens
CIJIBHO Pa3MBIThI. DTO OCOOEHHO 3aMEeTHO IpHU
CPaBHEHUU HX C JUHUSIMH OT KPYITHOTO ajiMa3a.
Jl1st 06pasiia, oTosxokerHoro mpu 1500°C, Ha



PEHTTEHOTpaMMe TIOSIBIISIETCSI THTEHCUBHAS HO
CHIIBHO pasMmbItas muaus (002) rpadurta Ha 25°26.
IToxo0HEBIN, HO OYEHE CIAOBIN MUK MOXKHO
HabronaTh Takke Ha peHTreHorpamme AHII
nocie 06padotku mpu 1000°C. Jannbie

PEHTTEHOBCKOTO aHAJIN3a COTIaCyIOTCS C
ANIEKTPOHHOU MUKpoaudpakuueit or AHIT u
nonydeHHbIX u3 Hero YJI (Puc.2.).

(111)  (220) (002) (100) (110)
AHIT VI

Puc.2. Dnexrponnas mukpoaudpakmuus ot AHIT u
Vi1

AHanmm3 yriioBoi 3aBUCUMOCTH YITHUPEHHUS
PEHTITCHOBCKUX JIMHUN IIOKa3bIBa€cT, 4YTO OHO
OTIpeaeNseTCs UCKIIOYUTENIFHO MallbIM pa3MepoM
o0JacTelt KOTepeHTHOTO pacCesHUs TOopsiIKa SHM,
COBITQIAIONINM B HAIIEM cliydae ¢ pa3sMepoM
gactuiy AHIIL. DToT pe3ynsTaT moATBepKIacTCs
BPOM AHII (Puc.3). BugHo Takxe, 4To
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Puc.3. BPOM anmMa3HbIX HAHOTTOPOIITKOB

noBepxHOCTh yacTruek AHII yxe mokpsita
OTICNBHBIMHU Yenryiikamu rpadura. [Tocie orxura

B Bakyyme AHII npespamatorcs B YJI, cocrosimme
13 KOHICHTPUYCCKU YITaKOBAaHHBIX
rpadUTONOMOOHBIX CIIOEB, UTO MOITBEPKIAACTCS
BPOM VI (Puc.4). Cpenuuii pazmep gactury YJI
paBeH 5 HM, T.e. HaCJIeJyeT pa3Mep UCXOTHBIX
vactur AHII.
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Puc.4. BPOM yrnepoaHsIX JTyKOBHIL

PC u COII3 noka3bIBaloT NEPECTPOUKY yriaepoa-
YIJIEPOAHBIX CBSI3eH B HaIrpaBJICHUHU OT Sp K Sp
npu nepexoe ot AHII x VJI.

HccnenoBanns BOZOPOA-COPOITMOHHBIX
cBolicTB YJI, moiryueHHbIX B JaHHOH padoTe,
MOKa3aJii, 4YTO OHM CIIOCOOHBI COPOUPOBATh IPU
HU3KHX Temrieparypax a0 12 Bec.% Bomopona.
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