AGGREGATION OF NANOPARTICLES IN SHUNGITE CARBON
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Introduction

The primary formations of shungite carbon
(ShC) are considered to be closely aggregated
nested giant fullerenes or multi-shell fullerenes.
Such nanoparticles were established in ShC after
fine grinding and heat treatment. Colloid extraction
technique was applied to detect trace amounts of
Cso. Despite poorly crystalline nature, ShC is
attracting much attention as efficient hydrogenation
catalysis at low temperatures and versatile filler for
polymer matrices as well as adsorbent for water
purification.  Fullerene-like  structures  were
supposed to play the main role in reactivity of ShC
[1]. The question is how to release these
nanoparticles and then to preserve them back?
Films from aqueous shungite colloid were prepared
recently. They were characterized by catalytic
reactivity similar to fullerenes [2].

The first hint came from the recent results on
variations in morphology of ShC studied by AFM
and X-ray(electron) diffraction methods [3]. The
morphology had to reflect the ways of aggregation
of aqueous carbonaceous colloids. Thus
aggregation of nanoparticles as well as de-
aggregation would be of scientific and practical
interest.

To study aggregation of fullerenes and ShC
nanoparticles in aqueous dispersions using
HRTEM and SEIRA methods is the subject of the
present contribution.

Experimental

The object of this study was shungite type I
from Shunga deposit (98 wt.% of carbon). It was
characterized thoroughly from both structural and
physical chemical points earlier. Samples were
handled manually and powdered up to the average
size of particles being less than 40 pum.

Fullerene powder was produced by “Intellect
Co”. St.-Petersburg. It contains Cgo/C79= 83/16 and
about 1wt.% of higher fullerenes. Aqueous
colloids were prepared following the method
suggested by G.V.Andrievsky [4]. Concentration
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of nanoparticles in both colloids was 0.01-0.06
mg/ml.

Morphology of aggregates of nanoparticles
and their dimensions were studied by SEM and
HREM techniques on drying colloidal drops and
films. Aggregate dimensional properties from
image analysis were obtained following ASTM for

carbon black namely, primary aggregate
dimensions from electron microscope image
analysis.

FTIR (SEIRA) — surface enhanced infrared
absorption spectra were obtained for the drying
colloidal drops and films. Recently this method
was shown to be very informative for study of
vibrational modes of fullerenes Cq in aqueous
solution as well as the interaction between
fullerenes [5].

Results and discussion

The films produced from aqueous colloid of
ShC that were mentioned to be reactive did not
show any specific vibration bands in the SEIRA
spectra. On the contrary, drying drops of
comparative colloids gave rise to a number of
peaks in the spectra (Fig.1). The broad bands that
could be assigned to Cg (1428, 530), Cyo (1428,
678, 644), Cy, (644, 574, 530), Cs4 (914, 754) are
identified in fullerenes colloid. Wide bands were
detected for ShC colloid also. Some of them could
be corresponded to C;y (1419, 1137), Ciy u Cq
(530).

Separate nanoparticles could be hardly found
in the images of ShC and fullerene colloids (Fig.
2,3). Nevertheless, globular nodules (ca. 10 nm)
interconnected with the main “body” (120-160 nm
in size) of aggregate could be seen in the left side.
Dimensions of the elements constructing the
“body” are about 10-20 nm.

Aggregates of ShC nanoparticles exhibit wider
range of distribution pattern from 100 nm up to
2 um. They are characterised by higher density of
the nodules and presence of hazy nets in between
them. Some of the nanoparticles were unstable



under electron beam. Nets appeared and aggregates
dimensions increased while drying of the colloid.
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Fig. 1 SEIRA spectra of the drying rosette
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Fig. 2 HRTEM
fullerenes in the drying rosette of aqueous
colloid (Scale 20 nm)
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Conclusions

In aqueous colloids shungite nanoparticles
form aggregates of larger dimensions and
heterogeneous in density in comparison with
fullerenes.

Dried colloids (films) were invisible in SIERA
when interaction between nanoparticles increased.

Nanoparticles in shungite aqueous colloid are
more active or metastable in comparison with
fullerenes.
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Fig. 3 HRTEM image of the drying rosette ShC
colloid (x 30600)
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Beenenue

CtpykTypHBlE  00pa3oBaHHS  IIYHTHTOBOTO
yraepoga (LLIY) paccmarpuBaroTcs Kak IUTOTHBIC
arperaTsl TUT@HTCKUX ¢dymiepeHos 17071
MHOTOCIIONHBIE (YyJuiepeHbl. Takue HaHOYACTHIIBI
6butn o6Hapy>keHsl B LIIY mocne nucneprupoBanus
u TtepmooOpaboTku. CrnenoBbie kommuecTBa Cg
ObUIM  OmpeneNeHbl C TPUMEHEHHEeM MeToja
KoJutonHOM 3KcTpakuuu. OxaHako, 1IY uHTepecen
HE TOJHKO KaK HEOOBIYHBIM HEKPUCTAJUINYECKHM

yriaepoa, HO HW  Kak  BBICOKOA((EKTHBHBIN
HU3KOTEMIIEPATypHBI  KaTaJM3aTop  IPOLIECCOB
TUAPOTHHE3ALHUH, MHOTO(YHKIIMOHATIHHBIN

HATOJHUTENh TOJMMEpOB, a TaKKe aJCcOpOeHT s
MIPOIIECCOB BOJOOYUCTKH. BBICOKas aKTUBHOCTH
IIIY B psae peakuuil CBA3BIBAECTCS MMEHHO C €r0
(dhymmepeHOmog00HBIMHI CTPYKTypaMmu. [1].
OTKpBITBIM OCTaeTCsl BOIPOC, O BBICBOOOKIACHUU
Hanovactunr, LY w  ux  nociegyrouen
KOHCEpBallnH.

[IneHku, MoOJIy4YeHHBIE W3 BOJHOTO KOJIJIOWIA
[TV, mnokazamum KaTaJUTUYECKYH) aKTUBHOCThb
ONM3KYIO K aKTUBHOCTH (hyiepeHosB [2].

[lepBple marm K peHIEHUIO MOCTaBICHHBIX
BOIIPOCOB OBUIM CHIETaHbI NIPH aHAIN3E PA3INIUiA B
mopdomorun 1Y, BeisBieHHBIX MeTogaMu ACM u
PEHTTeHOBCKON (3MeKTpoHHOW) audpakuuu [3].
[Mockonbky  Mopdonorus JOJKHA  OTPa)arh
YCIIOBUSI ~ arperalMd  BOAHBIX  YIJIEPOIHBIX
KOJUTOWJIOB, TO H3y4YEHHE IMPOIECCOB arperamuu
HaHOYACTHII M UX CTAOMIM3aMX MPEICTABIISIOT KaK
Hay4HbIH, TAK U PAKTUYECKUI HHTEPEC.

Ilooatomy mwenpt0 gaHHOH paboTel  OBLIO
n3ydeHne arperanu (yJuIepeHOB M HAHOYACTHI
IIIY B BOAHBIX [JUCHEPCHUSIX C NPUMEHEHHEM
merogoB I[IOMB u @ypse wuHbppakpacHOK
CHEKTPOCKOIIHH.

OO0LEKTLI H METOIbI

OCHOBHBIM  OOBEKTOM  HCCIICIOBAaHUN  OBLI
wyHruT | mecropoxnenue Ulynsra (98 Bec.% C).
OtoT  WmWyHruT  ObUI paHee  JETaIbHO
OXapaKTepH30BaH CTPYKTYpHO M 10 (PU3HKO-
XMMUYeCKUM mnapamerpaM. OOpasipl 0TOMpaTuCh
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BPYYHYIO M U3MENBYAIMCh J0 CPEIHETO pa3mepa
yacTul] MeHee 40 MKM.
Cunretnyeckre QymiepeHs! (C COOTHOMECHUEM

Ceo/C70 = 83/16 wm comepkaHHEM BBICIITHX
¢ymnepeHoB okomo 1 Bec.%), ObuH JMFO0E3HO
npenoctaBieasl HTA  "Hatemmekr"  (CaHKT-

[TerepOypr). Bomublii Kosutoua OBLI MONYYECH IO
Meronay, npemioxkeraomy [.B. ArnmpueBckum [4].
Konnenrpanust HaHodacTHil B 000MX KOJIOMZAX
cocrasisuia 0.01-0.06 mr/mot.

Mopdomorust arperatoB HaHOYACTHII M WX
pasMepbl OBUTH OTIPEIENICHBI ¢ IMOMOIbI0 POM u
II5MB Ha po3eTkax BBICBIXaHHS KOJUIOHIA U €To
mwieHkax. [lepBuyHBIE pa3Mepbl arperatoB ObUIH
TTOJTy9EHBI npu aHanm3e AJIEKTPOHHO-
MUKPOCKOITMYECKUX  HM300paXeHWH  COTIIACHO
ASTM 151 TEXHUUECKOTO yIiIepoa.

Oypee UK (SEIRA) CTIIEKTPOCKOTIHS
YCWJIEHHOTO  METAJNIMYECKOH  IOBEPXHOCTHIO
MOTJIONIEHNs OblIa TIPUMEHeHa K pPO3eTKaM
BBICHIXaHUS W TUIeHKaM. HemaBHO nmaHHBIN MeTon
Obl1  d(QQPEeKTUBHO WCMOIL30BaH IS  aHAIN3a
B3aMIMOJICUCTBUSl MEXAy dYacThlamu (QymiepeHa
Ceo B BOIHBIX pacTBoOpax [5].

Pe3ysabTaTthl U 00cy:x1eHne

IInenkn, nosydeHHbIE M3 BOJHOTO KOJIOMIA
[TV, npoaeMOHCTPUPOBABIINE KaTAIUTUYECKYIO
AKTUBHOCTbH, HE WMENH SIBHO BBIPAKEHHBIX JIMHUI
Ha XapakTtepucTuueckux udactorax MK cnektpos.
Torma kak, pO3e€TKM BBICBIXaHMSI IOKa3aau Psj
ocobeHHOcTel Ha crekTpax cpaBHeHus (Puc.l).

[upokue MOIOCH], KOTOpble MOTYT OBITh
otHeceHsbl k Cgo (1428, 530), Cq (1428, 678, 644),
Cun (644, 574, 530), Cg (914, 754)

3apEeTUCTPUPOBAaHbl Ha CHEKTpe (yJIIIepeHOBOTO
KoJIJIouAa. [Iupokue CHUTHAJIBI ObLTH
3apErUCTPUPOBaHbl TAKKE HA CIEKTpE KOJUIOMAA
IIIY. HexkoTopsle U3 HUX MOTYT OBITH OTHECEHBI K
C70 (1419, 1137), C74 u C6() (530)

OTtnenpHBIE HAHOYACTHIBI HA 3JIEKTPOHHOM
U300paKEHUM PO3ETOK BBICHIXaHUS KOJUIOHJIOB
1Y u ¢ymiepenoB He mpocMarpuBatorcs (Puc.
2,3). OnHako, rioOynapHslie y371bl (okosmo 10 HM)
CBA3aHHBIE C OCHOBHBIM «TEJIOM» arperara



(pasmepom 120-160 HM) MOXHO HaONOAATH B
neBod uwactum uzobOpaxkenus (Puc.2). Pasmep
3JIEMEHTOB, (OPMHUPYIOLIUX «TEJ0» COCTaBIISET
10-20 uMm.

Arperatsl Ha"odactun IIY umeror mmpoxoe
pacmpeneneHue mo pasmepam ot 100 HM 10 2 MKM.
Onm xapakTepu3yroTcsi OonbLIeld IIOTHOCTHIO B
y3Max ¥ HaJW4hMeM pasMBITBIX CETOK MEXIY
y3gamu  (Puc.3). OtnmenbHbIE  HAHOYACTHUIIHI
OKa3aJich HEYCTOWYMBHI TOJA  3JIEKTPOHHBIM
nyuykoM. [losiBIeHHE CETOK W POCT arperatos
HabIroIaMCh B Tiporiecce GOpMUPOBAHUS PO3ETKH
BBICBIXAHHS.
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BoiBoabI

B BOJHBIX KoJutonaax HIYHI‘I/ITOBBIG
HAHOYACTHIBI TI0 CPaBHEHHIO ¢ (DyJIEPEHOBBIMU
(dopMupyrOT arperathl OOJIBIIMX pPa3MEPOB U
HEOJIHOPOJIHBIC 110 TUIOTHOCTH.
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BricyiieHHBIE TICHKH U3 KOJUIOUIOB HE MMEIH
XapaKTePUCTUYECKUX  MOJIOC  HA  CIEKTpax
MTOTJIONICHUS, YCHIJICHHOTO METAJTMYECKOM
MMOBEPXHOCTHIO MPH YBEIUYCHUU B3aUMOICHCTBUS
MEX]ly HAHOYACTHUIIAMHU.

Hanouactunbl B BogHOM kosutouae 1IIY Gonee
AKTUBHBIC (METacTaOMIBHBIC) TIO0 CPABHEHUEM C
(dyepeHamu.

Puc.3 IIDMB wu3o6paxkenue koutouaa LIY mnpu
(popmupoBanun po3etku Bbichixanud (x 30600)

VYyactue H.H. P. nonnepxano rpanrom PO®OU NO3-
03-32473
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