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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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GRAPHEN AND NATURAL FORMATIONS

Abstract. It is well known that a great deal of metallic phases occurs in the ultradispersed state. The extracted
phases with a low gross content are scattered over the vast occupied area. Large deposits of Kazakhstan are related to
this type of ore-bearing formations.

Studies of the natural objects are complicated manyfold by heterogeneity of substances and the staging of the
ongoing processes. In our studies, as reference matter we adopt the solid natural carbon substances, synthetised in
various chemical processes running in compliance with strict rules of chemical reactions under given thermodynamic
conditions. The natural carbon substance, as a rule, exists in a whole range of probable phases, often having the film-
planar structure habit. Rock transformation (squeezing) results in curving film-lamellar carbon-bearing layers, pre-
sent also within the nanopipes and fullerens; they often break, with obvious formation of a planar structure.
Respective alternation of layers may lead to local formation of graphite, which is witnessed in photographies, made
using the transmission electron microscopy. Particles, seized by folding, can be trapped in hollows (a trap trench
system) and start accumulating clusters. The only method so far fixing the newly formed carbon layers is the Raman
spectroscopy. It especially concerns the carbon matter, due to various reasons, possessing a small coherent zone. The
current paper presents data obtained in the RK MES Institute of Geological Sciences n.-a. K.I. Satpayev, in coope-
ration with the RK KazNU Institute of Combustion Problems.

Key words: nanoscale, graphene/graphane, graphite.

Introduction. Use of carbon material is associated with large-scale production. One of their sources
is natural manifestations. Synthetised substance is programmed for obtaining in a set of designed (pre-
calculated) reactions, while a natural substance is formed under unplanned circumstances. At the same
time, natural matter exists, i.e., all reactions, leading to its formation and existence under given conditions,
are correct.

We find natural carbon matter (geology) in a near-surface zone. That is, in a zone of low temperature
and pressure, windy (gases), rainy (atmospheric precipitation), under influence of insulation (sun ray
waves). Besides, carbon-containing matter is inseparably integrated with other substances (rocks,
minerals, many of which are catalysers not only in respect to carbon matter), under influence of all sorts of
nanozones (a nanozone is limited by condition gradients). This predominantly relates to physical and
chemical sciences. The realm of formation and existence of nanoparticles is multidisciplinary [1]. Usually,
formation energy is sufficient for creating a nanoparticle, and it does not suffice to perform a transit into
another state of “large” mass of material. For example, energy produced in tectonic processes is quickly
extinguished “to zero”. Natural carbon matter, as a rule, consists of a whole spectrum of probable phases,
including those with the film-planar habit. Shall we use all sorts of “new” titles to the natural matter,
synthetised and confirmed by some instrumental method, or continue using historically developed old
names (graphite and crystalline, fine-crystalline, non-crystalline carbon matter)? How “new substances”
look like (not schematically) and relate to “old” definitions?

Nanomineralogy [1] is a multidisciplinary science. Mathematical modelling, physics and chemistry
are “reference” disciplines investigating detailed conditions of substance synthesis, properties of obtained
materials, suggesting their possible application.
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Let us consider graphenes. These theoretically calculated structures, among the first ones, have been
developed in the CVD-processes. Recently, increased attention was drawn to them.

In the nature, unidirectional manifestations of graphenes/graphanes are not existent. But
manifestations, containing the carbon matter, predominantly with film carbon structures, similar to
graphene ones, do exist. In this paper, photographies of transmission electronic microscopy (TEM) are
used, and there was no task to discern graphenes from graphanes.

Results and discussion. It follows from the diagramme [2] (figure 1) that grapheme layers can be
folded (figure 1a), and the thickened space of the fold can collect admixtures (figure 1b shows fullerene).

Figure 1 — Graphene folding patterns [2]

As it was said earlier, there are great many planar structures in the nature. Let us, basing on micro-
scopic diffraction images, consider only carbon-containing ones: the two- and three-dimensional [3],
graphite-like and graphites [4]. The plural form is used because carbon materials of graphites and
graphenes/graphanes containing various admixtures are plentiful. Reflexes belonging to carbon matter, as
a rule, are widened. A big role is played by scale: often elements composing the matter are of nanoscales.
Usual materials are X-ray amorphous. Electrons (TEM, shorter waves) are often capable of detecting non-
amorphousness of the X-ray amorphous phases. Specimens for investigations have been prepared uni-
formly, by one of the dry preparation methods. It excludes any influences of temperature or solvents.

It is seen through microscope that curves of particles have ordinary appearance (figure 2). Folding of
visible planes (figure 2a) is also not a rare phenomenon. As it was already noticed, carbon substances are
present in the nature in unlike phases, for instance (figure 2b), graphites (ribbon particles) and a three-
dimensionally ordered matter (the rest of particles’ mass). Electrogrammes show them as reflexes grinning
through graphite material (more strong dotted reflexes) in the background of widened rings (polycrys-
tallines?) of three-dimensional carbon matter (figure 2¢). Figure 2d illustrates a particle (natural too),
consisting of “folded” film layers. Its micro-diffraction image relates to graphite.

Figure 2 — Morphological images of natural film structure formations:
a, b —the Saryarka field; d — the Nigozero field (Karelia)

In the figure 3a, a joint existence of graphenes/graphanes and mass has been fixed in a synthetised
particle; part of the matter inside the pipe, possibly, is catalytic material for carbon (synthetised matter).
Generally, the structure of this tubular formation (figure 3a) is not amorphized. In curves (figure 1b), local
graphite gets packed (figure 3b) whih has been described in the work [5]. This matter’s micro-diffraction
image reveals reflexes of graphites, analogous to those one shown in the figure 2b, in the background of
amorphous (structureless) substance. Separating in natural conditions from the central (catalytic) part, the
round graphite capsule forms an independent particle, shown in the figure 3c. Its micro-diffraction image
corresponds to graphite.
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Figure 3 — a, ¢ — morphology of particles (outside view); b - the diagramme of (possible) formation of local "graphite" packing;
¢ - curved planes of local graphite packing; a - Synthetised particle; ¢ - the Siyakezen field

Often encountered are lamellar structures with linear or curved contours of such a locally formed
“graphite”. Does it follow that graphites are created locally from graphenes/graphanes? Then,
graphene/graphane could be an independent mineral type. It is highly probable that its films have been
fixed in carbon compounds (figure 4). Figure 4a shows visible (TEM) layers of basically non-graphite
carbon matter. Graphenes/graphanes, as a template, form the first layer, which gradually accumulates
carbon mass (figure 4b). This phenomenon is observed both in synthetised and natural formations.

12-15
“\QM£/ﬁéw

KaTanusaTopal®
100HM
a b

Figure 4 — Graphene layers: a - commercial, b - Koksu

6051

Carbon planar structures (films) can have different scales (figure 5), and this fact may explain the
D-peaks discrepancy in the Raman-spectroscopy (figure 6a). Layers of the plain “large” carbon films
(up to several nanometers) are shown in figure 5a, small films (first dozens of nanometers) in figure 5b,
and a curve carbon layered film packing in figure 5c.

r . -' ~
31563 1008M

a b c

Figure 5 —Different-scaled natural film particles (the Balta-terek field)

When interconnecting the gauges, it would obviously be possible to tell, what layer thickness and
what layer order (in sequence, figure 5) of the Raman-spectra will be obtained (figure 6a). Layers of
natural matter would be possible to identify from the relationship between piques Ip/Ig and their relative
displacement.

— g2 ——
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Figure 6 — The Raman spectra of multilayered (of various discrepancy?) graphenes — a,
two-layered particles of natural formation (the Shubarkul field) — b, the trap trench (the Tekeli field) — ¢

Discrepancy can be connected to quantity of “large and small” surfaces, as well as to presence of
various bonds on their endings. TEM is not clear about film thickness. A visible thickness evidently is not
atomic. Probably, natural formations contain layers, consisting minimum of two “carbon meshes” (figu-
re 6b). The grapheme film is not a graphene’s layer made only of C-atoms. Rock transformation
(squeezing) results in breaking the curved film-lamellar layers, obviously followed by formation of a
planar structure (figure 2, 5) and possible local formation of graphite. Particles seized during the folding,
also according to the pattern shown in fig. 1b, are singled-out from the trap trench system (figure 6¢) for
individual development.

T. A.llladanoBa, B. A. I'1arosen
CarbaeB Yuusepcureri, K. V. CaTbaeB aTbIHIaFbI T€0IOTHSUIBIK FHUIBIMIAP MHCTUTYTHI, AnMathl, Kazakcran
I'PA®EH )KOHE TABUT'U BIJIIM

AnHoranus. JXakcel TanbiMan ¢akT-Oyi1 Metamn ¢asarapablH KOl caHbl YibTpamucrepcti kyime. JKammer
Kypambl a3 eHAIpUIETIH (a3anap ajblll OThIpFaH eneyi anaHra ceOinren. byn Kenni tunke KasakcranHbiH ipi KeH
OpBIHIAPHI JKaTabl.

3aTThIH OIPTEKTLIIr, aFaThIH MPOLECTEPIiH CATHUIBIFBI TAOUFH OOBEKTLIEP/Il 3epTTEY Al OipHEIIe peT KUbIHIa-
taabl. KaTTel TaOMFM KOMIPTEKTI 3aTTapibl "STaNOHABIK" 3aTTapra 3epTTey KesiHie 013 OepiireH TepMoIuHAMH-
KaJIBIK JKaFJainapaa XUMHSUIBIK PeakiMsIIapAbIH KaTaH epexenepi OOHMbIHIIA OTEeTiH XUMHSUIIBIK MPOLECTEPIiH ap
TYpPJEPiHAE CHHTE3ACITeH KOMIPTEKTi 3aTTap/bl TaHIAIl ANABIK. TaOUFU KOMIPTEKTI 3aT, 9[eTTe, MICHKAJbI-IIacTH-
HaJibl rabuTyc 6ap MYMKIH (ha3aylapbIH TYTac CIEeKTpiHeH Typasbl. JKbIHbICTApABIH TPaHC()OPMANUACH HOTH)KECIH-
Jle KYpaMbIHIIa KOMIpPTEKTi MUITEeH IUICHKAIBI-IUIACTHHAIB KabaTTap, OHBIH ilIiHAE HAHOTYOEKTep MEH QyiuiepeH
KaOBIpranapbeIHia Oap, kKdi ChIHAIBI, )KOHE aHBIK Ka3bIKTHIK KYPBUIBIM Maina 6omansl. KabaTTapaply THiCTI Ke3eKTe-
Cyi Ke3iHze KePTiTKTI TpapuT KANBINTACYbl MYMKiH. PacTay yIIiH >kapbIK OepeTiH 3IIeKTPOHIBIK MUKPOCKOIHIMEH
anplHFaH QoTocypertep Keniripineni. bykrenaren kesae Oachln anblHFaH OOJILIEKTEp TepeHIeTe - "Hayaap - apbiK-
Tap" )Kyiecinae OeiHim, colaH KeiiH KuHaTy naiga 0osybl MyMKiH. Ty3ineTiH keMipTekTi KabarTapabl OEKIiTETiH
JKaIFbI3 oMic PamaH-CripeKTpocKomus 0OJIBI Kaylazpl. Ocipece, Oy KOMIPTEKTI 3aTTapra KaThICThI, IPTYPIi ceder-
TEpPMEH KOT€HEPEHTTUIIKTIH IIarbiH aiimarbl 0ap. byn makanaga KP BFM K. U. CaornaeBtsiy 'eonorust FeuibIMaapsi
MHCTUTYThIHAA anbiHFaH koHe KP Kaz¥V-gein JKany npoOiiemanapbl MHCTUTYTBHIMEH JIOCTACTBIKTAa albIHFaH
MaJliIMETTep KenTipijien.

Tyiiin ce3nep: HaHOpa3Mepsl, Tpaden/rpadaH, rpadur.
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AHHOTanusi. X0poIIO M3BECTHBIM (PaKTOM SIBISIETCS TO, YTO OOJIBIIOE KOIMYECTBO METALIMYECKUX (a3 Haxo-
JITCSL B YJIBTPAIUCIIEPCHOM COCTOSIHUU. JJoObIBaeMbIe (pa3bl ¢ MalbIM BaJOBBIM COZEP)KAaHUEM PAcCesHbI Ha 3HAYM-
TENILHOM 3aHMMaeMoii ruomaay. K 3ToMmy py1IOHOCHOMY THITy OTHOCSATCSI KpyIHbIe MecTopoxaeHus Kazaxcrana.

HeonnopoaHocTs BelecTBa, CTaJUHHOCTD MPOTEKAIOIINX MPOLIECCOB MHOTOKPATHO YCIIOXKHSIOT NCCIIEIOBAHMS
NpUpoIHBIX 00bekToB. IIpy mcciaenoBaHMM TBEPAOTO MPHPOAHOIO YIVIEPOJIMCTOIO BEIIECTBA 33 «ITAJOHHBIE»
BEIIIECTBA HAMHU BBIOpAHBI YIJICPOJIUCTHIC BENICCTBA, CHHTE3MPOBAHHBIC B PA3IMYHBIX BUAAX XUMHYCCKHX IIPO-
[[ECCOB, MPOTEKAOMINX TI0 CTPOTUM IIPABIIIAM XUMHUYECKUX PEAKIUN B 33]JaBACMBIX TEPMOJUHAMUICCKAX YCIOBHIX.
[IpupoaHOE yritepoarcToe BemEeCcTBO, KakK IMPaBUIIO, COCTOUT U3 IEIOTO CIEKTpa BO3MOXKHBIX (a3, 4aCTO UMEIOMINX
TUICHOYHO-TUIACTHHYATHIA rabutyc. B pe3ynprare TpaHCpOpManuu MOPOI H3OTHYTHIE YTIIEPOACOACPIKAIINE IUIe-
HOYHO-TUTACTHHYATHIE CJIOW, UMEIOIINECS, B TOM YHUCIIE, B CTEHKaX HAaHOTPYOOK M (yijiepeHoB, YacTo JIOMAroTCs, U,
OUYEBUIHO, 00pa3zyercs INIOCKOCTHAas CTpyKTypa. IIpM cOOTBETCTBYIOIIEM UYEpeOBAaHHH CIIOEB JIOKATHHO MOXKET
chopmupoBarbes rpadut. s moaTBepkaeHUs npuBomsATcs (ororpaduu, MoiydeHHbIE MPOCBEYHMBAIOIIECH IJeK-
TPOHHOW MHKpOCKomuel. YacTHIlbl, 3aXBaueHHbIE TIPH CBOPAYMBAHUM, MOTYT BBIACIATHCS B yrIIyOJIICHHSX - B CHUC-
TEME «KEJIOOKOB - apbIUYKOB» U, 3aTeM, 00pa30BBIBATH CKOIUICHUS. EMHCTBEHHBIM cII0COO0M, (PUKCHUPYIOIIMM 00pa-
3yIOIIMECs] YIJIEPOAHBIE CJIOM, ocTaercst moka PamaH-cnpexTpockorus. OcoOeHHO 3TO KacaeTcsl YIIepOAHCTHIX
BEILECTB, IO Pa3HBIM NMPHYMHAM OOJIaJa0MIUX MaJIOW 30HOH KOTEpEeHTHOCTH. B 3Tol cTaThe NMpUBOASTCS NaHHBIE,
MoJIy4eHHble B MHCTUTYTE reosnoruueckux Hayk mu K.M. Carmaeea MOH PK u nonydeHHble B cOApy>KeCTBE ¢
Wucturyrom mpobnem roperns KazHY PK.
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