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Receiving and research of thin films of graphite and oxide
of aluminium as bases for high capacitance capacitors

Receiving nano-carbon, in particular, graphitic films of nanometer thickness and research of their properties
is one of current problems of the modern science. Structural characteristics of such materials lead to origin of
a row of unique features in their physical properties which can be used for creation of new types of electronic
and optic instruments and devices. One of perspective forms of application of thin graphitic films can read
use them as capacitors plate. Now the main type of the rechargeable batteries which are widely used in differ-
ent areas, electrochemical sources are. At the same time row of their shortcomings, somehow: complicates
their application, for example, in electric vehicles and different robotic devices. One of possible solutions of
the matter, use of energy «collected» condensers is. At the same time it is possible to have the almost instan-
taneous charging and an opportunity of monitoring and control behind time and power of discharge. However
application as similar power supplies of condensers of «traditional» construction does not allow receiving ra-
ther high capacity. Use as plates of the condenser of materials with minimum possible size of particles can be
one of possible candidate solutions of the matter. As those the electrodes consisting of the thin carrying-out
films on the basis of the particles of graphite applied on the transparent substrates can be used, for example.
However in order that graphitized electrodes could be used in practice, they shall meet certain requirements.
First of all to have high conductance, to be the transparent in optical band that is necessary for monitoring of
thickness and in general structure of films by spectral methods. And, at last, they shall be steady against me-
chanical influences. Proceeding from the above, the real operation is devoted to receiving and a research of
thin films of graphite and aluminum oxide as perspective materials for creation of high capacitance capaci-
tors.

Keywords: graphite films, capacitor, aluminum oxide, spectral characteristics, element composition.

I Introduction

To carbon and its form as graphite, is paid much attention now. This interest is caused by recent open-
ing of quasi-one-dimensional form and quasinolymer form of graphite (nanotubes and fullerenes). The sci-
ence shows new opportunities of their application today. However before there were practically no data on a
two-dimensional or quasit-two-dimensional form of graphite. On the available publications [1-2] it is possi-
ble to draw a conclusion that the closest to a 2D case was extraction from a crystal of hundreds of layers of
graphite. It is natural that such gap in graphite studying (material with surprises) attracts keen interest of re-
searchers [1-5].

In [1] films by thickness only several monolayers of graphite (ultrathin films) have been for the first
time received. The conducted researches have proved that on the properties the received material is semimet-
al with small overlapping of a conduction band and a valence band. Authors [1-3] observed effect of the
field, also noticeable by size, and ambipolar Hall Effect. Thus, in the received material becomes possible to
change conduction of material and to change the main type of charge carrier by means of external electric
field.

Existence of field effect and metallic conduction of the received material gives the grounds to assume
that the two-dimensional form of graphite can be of the considerable interest to microelectronics and Nano
electronics. The modern microelectronics is in continuous development. The main aspiration of this science
to microminiaturization stimulates the scientific and technological research connected to it. As the materials
and technologies existing at the moment approach a limit of the opportunities, the active search of new mate-
rials and the principles of operation of devices are carried.

The semiconductor materials used in the modern microelectronics have a row of basic restrictions. One
of the mains is restriction of concentration and mobility of charge carriers. At the same time use of metal as
the main material of microelectronics, perhaps, positively would affect high-speed performance and other
important characteristics of microelectronic devices. However in case of implementation of this idea there
are considerable hindrances, namely: it is impossible to control conduction of «thick» metal films as the field
is almost completely screened already at a depth less nanometer.And films of such thickness can't almost be
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used for the specified purposes as they are extremely unstable. At the same time decanter researches
graphene (graphite monolayer) and fine graphite and also ultra-thin graphite (several atomic layers) have
shown that these materials are surprisingly stable. Samples, even contained in usual conditions, showed the
reproduced results throughout rather long time. As conductivity of thin and ultra-thin graphite, as well as a
decanter, it is possible to operate by means of the external field, a conclusion arises that these materials are
of undoubted interest to microelectronics.

Along with it graphite films in combination with thin and ultra-thin conductor layers can be considered
as a perspective object for creation of miniature condensers with high capacity. Now in the modern technical
devices as power supplies electrochemical rechargeable batteries are, as a rule, used (SLO, NiCd, NiMH
unap.). But all of them possess a number of essential shortcomings: they have big duration of receiving a
charge, too small ratio «capacity weight», high cost, need of use of various types of chargers and so forth [4].

The specified shortcomings of electrochemical rechargeable batteries are of particular importance in
case of their use in electric vehicles and different robotic devices. This circumstance constrains their applica-
tion.

The possible solution of the matter is use for functioning of the specified devices of the energy which is
saved up by capacitors [5-6]. Advantages of use of condensers as power supplies are obvious: almost instant
battery charging, possibility of control and management of time and power of the category. However the ca-
pacitors of the condensers manufactured on technologies known now, as a rule, is rather small. In our opin-
ion, use as high-capacity facings of the condenser of materials with minimum possible size of particles, for
example, of films of thin and ultra-thin graphite can be one of possible versions of the solution of the matter.
But in order that graphite films could be used in practice, they have to meet certain requirements. First of all
they have to have high conductivity and to be stable to mechanical influences. Besides, films have to be
transparent in the optical range as it gives the chance to exercise control of thickness and in general structure
of films by spectral methods.

Various methods of receiving graphite films are known: magnetron dispersion of graphite [6], disper-
sion by his ionic bunch [7], laser ablation of a target [8] etc. However all these methods demand the difficult
and expensive equipment and creation of special conditions for the realization.

In the real work researches on receiving films of ultrathin graphite and a research of their microstruc-
tural and electric characteristics for the purpose of assessment of a possibility of their application in quality
as capacitor plate high capacitance. These researches of properties of the aluminium oxide films received by
us which can be considered as the dielectric placed between condenser facings, and at the same time as a
substrate for graphite films are also presented.

1l. Experimental technique

As it was already mentioned, for receiving films of thin and ultra-thin graphite it is necessary to use par-
ticles with the smallest sizes (within several nanometers).

In general the problem of receiving nanoparticles now, despite abundance of the publications devoted to
this problem is far from the decision. Especially it concerns receiving nanoparticles commercially. All meth-
ods used today, both physical, and chemical, are rather expensive and demand existence of the high-vacuum
equipment. In the real work for this purpose the method offered by us [9], consisting in mechanical crushing
of graphite, dissolution of the received powder during which there is a natural division of particles according
to the sizes, and sampling for filling of films from various depths of solution was used. For receiving initial
powder of graphite single-crystal graphite was used, powder of oxide of aluminium has been received from
natural clay with his high content. For dissolution of powder of graphite toluene (chemically pure brands)
was used, powder of oxide of aluminium was dissolved in the distilled water. Films received by method of
putting solution on substrates.

As a substrate glass and quartz substrates, FTO substrates, substrates from stainless steel were used. For
substrate solvent evaporation acceleration with the applied solution got warm at a temperature about 40 °C
within a day. For the specified time solvent completely evaporated and on a surface of a substrate there was a
thin film of graphite or oxide of aluminium. The holder designed by us a ditch with windows at the height of
1,2,5 and 3,5 cm from the upper edge standard ditches was applied to measurement of ranges of absorption at
various depths of solutions. In one series of experiments of a particle of graphite were entered into a poly-
meric matrix of polyvinyl alcohol (PVA).

The research of spectral characteristics of films was conducted on the spectrophotometer Federation
Council-46. The microstructure of the received films and their element structure were studied by means of an
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electronic raster microscope of MIRA3 LMU (TESCAN, the Czech Republic) [9]. Electric characteristics of
films were measured by a digital multimeter of UNI-T.

1II. Results and discussion

The absorption spectrum of solutions of clay received during the experiment in water and graphite in
toluene are given in the Figure 1.
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Curves 1-3 — water solution of oxide of aluminium; curves 4-6 — graphite solution in toluene
Figure 1. Ranges of absorption of solution of oxide of aluminium and graphite [9]

Absorption spectrum of the film samples of graphite received by selection of particles from different
depths of solution (Fig. 2) have shown that the optical plane of the films received from the particles which
are selected from solution depth in 1 cm (a curve h=1 cm), is much less than similar indicators for the films
received by sampling from deeper layers (curves h=2 cm and h=3 cm).
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Figure 2. Absorption spectrum of films of graphite,
received by sampling from different depths of solution [9]

For aluminum oxide films ranges of absorption of water solutions and film samples practically coincide.
The analysis of the received dependences shows that optical density of both solutions, and films grows with
increase in depth of sampling that can be considered as an indirect demonstration of that fact that particles of
the dissolved substances (oxide of aluminium and graphite) settle down in volume of solution unevenly: in
the top layers the smallest particles accumulate, then — particles of the average sizes, and, at last, in the lower
layers — the heaviest. The general course of curves of absorption demonstrates existence of the centers of
absorption in short-wave area, in a visible part of a range and near infrared area absorption is practically ab-
sent.
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The dimension of the received particles and structure of the formed films of aluminium oxide have been
investigated by methods of electronic microscopy. In the Figure 3 the photo of the electronic image of a film
of aluminium oxideon the scale of 10 microns is submitted.

b)
Figure 3. Micro photos of aluminium oxide

In photos the zones («a spectrum 1» and «a spectrum 2» in Fig. 3, a, and «a spectrum 3», «a spec-
trum 4», «a spectrum 5» and «a spectrum 6» in Fig. 3, b) containing the increased concentration of particles
of oxide of aluminium are accurately visible.

Results of a research of element structure of the films consisting of particles of aluminium oxide of dif-
ferent dimension in the designated zones («spectra» 1,2,3,4) are presented in Figures 4-6. As appears from
the submitted data, on the sites of a film designated as «a spectrum 1» and «a spectrum 2» is observed the
increased maintenance of such elements as Sn tin, Na sodium, oxygen O, CI chlorine, Ca calcium, Si silicon.
High content of tin in films can be connected with the fact that as the carrying-out covering in substrates of
FTO the tin oxide film alloyed by fluorine is used. And a significant amount of atoms of sodium is probably
caused by composition of natural clay which was used as an aluminium oxide source.

gozpvcozyl

Figure 4. Element structure of a film with aluminium
oxide (zone «spectrum 1»)

Figure 5. Element structure of a film with aluminium
oxide (zone «spectrum 2»)
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Figure 6. Element structure of a film with aluminium oxide
(the zones «spectrum 3» — top figure and «spectrum 4» - the lower drawing)

The analysis of the submitted data on a research of element structure of films shows that distribution of
atoms of aluminium in films is non-uniform and, respectively, aluminium oxide is distributed on a surface of
films unevenly. The highest concentration of aluminium oxide is observed in a zone of the film designated as
«spectrum 4» (Fig. 6).

The given the element analysis which is carried out by us and received micro photos of films have al-
lowed to carry out more exact assessment of the sizes of particles of aluminium oxide (Fig. 7, a,b,c).
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Figure 7. The results of the study of the microstructure of the oxide films of aluminium

The submitted data unambiguously demonstrate that in process of increase in depth of an intake of
solution for production of films the sizes of particles increase. The films created from solution depth in 1 cm
(the Fig. 7, a), consist of small particles (from 0,29 microns). From the center of solution the films containing
particles which sizes are from 0,51 to 0,66 microns are received. The films received from the lower layers of
solution contain the largest particles (the sizes exceed 100 microns). Thus, using the method offered by us, it
is possible to receive the films consisting of particles of in advance set dimension.

Test graphitic films have been received from toluene solution by watering on glass and quartz substrates
and had rather non-uniform structure. The considerable values of electric resistance of these films (from
200 to 400 Ohm, Q ) received by us are probably connected with this fact. Besides, they were mechanically
fragile and difficult separated from substrates (stuck), especially films with the high content of graphite.
Similar properties also the films received from graphite solution in polyvinyl alcohol (PVA), created on glass
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and aluminum surfaces had. When using plastic capacitor plate of sticking effect it wasn't found, films easily
separated from substrates, were elastic and mechanically rather strong. The received films can be used as
condenser facings. Particles of graphite are packed in a polymeric matrix which is flexible material. Having
respectively increased length of a polymeric film, and then having wrapped her in several layers, it is
possible to receive facings of capacitor plate of higher capacitance, without increasing at the same time the
geometrical sizes of the condenser.

1V. Conclusion

Thus, the conducted researches allow drawing a conclusion that the technology offered by us allows to
receive the thin-film carrying-out films on the basis of the particles of graphite packed into a polymeric ma-
trix. Such technology doesn't demand use of the high vacuum technology and the cooling systems. Results
of spectral measurements and a research of microstructural characteristics of films have shown that films
at which production the tests which were selected from various depths of initial solution were used have var-
ious dimensions. The graphitic films which are built in polymeric matrixes of polyvinyl alcohol possess the
best mechanical and electric characteristics. Electric resistance of the received films is from 200 to
400 Ohm, Q.
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ChIMBIMIBLIBIFBI 5KOFAPbI KOHAEHCATOPJIAP Heri3i peTiHae KyKa rpadgurri
Ka0bIpMIAKTAPbI MEH AJIIOMUHHUI TOTBIFbIH AJIy ’K9HE 0JIap/Abl 3epTTey

KanbiHapirsl  HaHooOMIIEMIl rpadUT KaOBIPIIAKTAPHIH ajblll, OJIAPJBIH AJICKTPOHU3UKAIBIK KaCHETTEpiH
3epTTey Ka3ipri 3aMaHFb! FEUIBIMHI MaHBI3bI OaFbITTap IbIH Oipi OoubIn TabbUTa sl KeMipreri KaObIpImakTraps
KAaCHETTEepiHIH epeKIIeNTiKTepl Heri3iHae opTYpii IJIEKTPOHIBIK, ONTOJIEKTPOHMBIK CE3Till TEeTiKTep,
KYPBUIFbLIAp skacayra Oosajpl. Mbicanbl, rpadUT HaHOKAOBIPIIAKTAPHl HETIi3IHAE CHIMBIMIBUIBIFBI XKOFAPbI
KOHZIGHCATOpNap KypacThIpyFa MyMKiHIiK Gap. Kasipri ke3ae HerisiHeH aJeKTPXUMHSIBIK dHEeprus Ke3aepi
Kol KOJJaHbUIa#bl. Anaiiia onapAblH Keidip cumarramanmapsl  onapAsl  3JIEKTpMOOMIbAEpIe,
poboToTexHMKaa KeH KOJJaHyFa MYMKIHIIK Oepmeini. By MoceneHIH OH HIEMILTy >KONIApBIHBIH Oipi —
KOHJICHCATOP/1a )KUHAJIFAH DHEPTHUSHbI Naiiaanany. Anaiifa KoJIanaHbICTaFbl KOHICHCATOPIAp apKbLIbl MOJ
9HEPTUs KMHAy MYMKiH emec. Byn moceneHi TyGereilnmi mernysiH jKOJbl — KOHICHCATOPJBIH acTapblH
HAHOOOJIIEKTEPACH  KypacThlpy. MbIcaibl, KOHICHCATOPIBIH  acTapiapblH  MOJIp  TOCEHIIKe
<OKaOBICTBIPBUTFaH» TpaduT HaHOOOJIIEKTEPiHIH KaObIpIIaFbiH Naiinanany. ['padur HaHOOeIIIEKTEpiHEH
KacanFaH KaOBIPIIAKTHIH 3JIEKTPOTKI3TIIUTI] )KOFaphl, ONTUKAIBIK apaJIbIKTa MeJip, MEXaHHKAJBIK dcepre
Te3iMai Oomybl Kepek. Makaiaga aqfOMHHHA TOTBIFBI TUNIr OeTiHAe TpadUTTIH KyKa KaOBIPIIAFBIH aty
anicTepi JKoHe OHBIH (PHU3UKA-XUMUSITBIK KACHETTEPiH 3epTTey OaphIChIHIA ANIBIFAH ACPEKTEp KeNTipilreH.

Kinm ce3dep. rpadguT KaObIpIIaFs!, KOHASHCATOP, ATIOMUHHI TOTBIFI, CIIEKTPAJIIBIK CHUITATTaMa, SJIEMEHTTIK
Kypam.
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IHosryuyeHue u ucciae0BaHNEe TOHKUX IJIEHOK IrPauTa M OKCUAA AJTIOMHUHUS
KaK OCHOBBI /1J151 BLICOKOEMKOCTHBIX KOH/IEHCATOPOB

Ionyuenue HaHO-yTIIEPOAHBIX, B YACTHOCTH I'PaUTHBIX, INICHOK HAHOMETPOBOH TOJIIIUHEI M UCCIIEIO0BAHNE
UX CBOWCTB SIBJISIOTCSI OJHMMH U3 aKTyallbHbIX HaNpaBieHHI cCOBpeMeHHOH Hayku. CTpyKTypHbIE XapakTe-
PHMCTHKH TAaKHX MaTepHAJIOB IPHUBOAAT K BOSHHKHOBEHMIO Dsijla YHHUKAIBHBIX OCOOCHHOCTEH B MX (usmde-
CKHX CBOWCTBaX, KOTOpbIEé MOTYT OBITh HCHONB30BAaHBI JUIS CO3JaHHMS HOBBIX THUIOB 3JIEKTPOHHBIX
Y ONITHYECKUX MPHOOPOB M ycTpoHcTB. OJHUM M3 MEPCIEKTUBHBIX (OPM HPUMEHEHMS TOHKHMX IPadUTHBIX
TUIEHOK MOXKHO CUHMTATh HCIIOJIB30BaHUE MX B KauecTBE OOKIAIOK KOHJEHCATOPOB. B HacTosmee BpeMs oc-
HOBHBIM THIIOM IIHPOKO HMCIOJIB3YEeMbIX B Pa3HBIX 00JACTAX aKKyMYJISITOPHBIX Oataped SBISIOTCS 3JIEKTPO-
xuMudeckue HucToyHMkd. Cpeau  HEAOCTaTKOB —  3aTPyJHEHO MX IPUMEHEHHE, HalpuMep,
B DJIEKTPOMOOMIISIX M PA3IMYHBIX POOOTOTEXHUYECKHX ycTpolcTBax. OIHUM M3 BO3MOXKHEIX ITyTeH pelIeHus
JTAHHOTO BOMPOCA SIBISIETCS UCIIOIBb30BaHIE SHEPIHHU, «COOPAHHOW» KOHICHCATOPAMH, IIPU ITOM MOXHO II0-
Jy4UTh MNPAKTUYECKH MTHOBEHHYIO 3apsiIky M BO3MOXHOCTb KOHTPOJISI M YNpPaBIEHUS 3a BpEeMEHEM
¥ MOIIHOCTBIO pa3psaa. OfHAKO MPUMEHEHHE B KAaUeCTBE MOJOOHBIX MCTOUYHHKOB ITUTAHUS KOHJEHCATOPOB
«TpaJUIMOHHOW» KOHCTPYKIIMH HE TMO3BOJAET MONY4YUTh AOCTATOYHO Oonbinoi emkocTu. OJHMM U3 BO3-
MOXHBIX BapHAHTOB PEIICHHUsI JAHHOTO BOMPOCA MOXKET OBITh UCIOIb30BAHHIE B KAUECTBE OOKIAT0K KOHIEH-
caTropa MaTepHAIOB C MHHHMAIBHO BO3MOXKHBIM Pa3MepoM YacTHI. B KadecTBe TakOBEIX MOTYT OBITh
UCIIOJIb30BAHBI, HAIpUMEpP, DIEKTPOJbl, COCTOANIME M3 TOHKUX IPOBOAAMIMX IUICHOK HAa OCHOBE YacTHUIL
rpaduTa, HAHECCHHBIX Ha MPO3padHble MOI0KKU. OIHAKO ISt TOTO YTOOB! TPaUTOBBIC 3IEKTPOIBI MOKHO
OBLIO MCIIOIB30BATh HA MPAKTHKE, OHH JODKHEI OTBEYATh OIpPE/IEIeHHBIM TPEOOBAaHUIM, B IIEPBYIO OUepelb
— 0071a1aTh BBICOKOH 3JIEKTPONPOBOAHOCTHIO, OBITh MPO3PAYHBIMH B ONTHYECKOM JHAMa30HE, YTO HEOOXO-
JUMO JUTsl KOHTPOJIS TOJIIHHBI U B LIENOM CTPYKTYpHI INIEHOK CNEKTPalbHBIMH MeToAaMH. M HakoHell, oHK
JIOJKHBI OBITh YCTOWYMBBI K MEXAaHHUYECKUM BO3JeHCTBUsIM. PaboTa mocBsIeHa MOMYYEHUIO U HCCIEI0Ba-
HMIO TOHKHX IUICHOK TpaduTa 1 OKCHIA aJIOMHHMS KaK HEPCIEKTUBHBIX MAaTEPUAJIOB 1JIs CO3AaHMUS BBICOKO-
€MKOCTHBIX KOH/ICHCATOPOB.

Kniouesvie cnosa: I‘pa(bI/ITOBI)IC IUICHKH, KOHACHCATOP, OKCHUJ aJIFOMHUHUS, CIICKTPAJIbHBIC XapaKTECPUCTUKH,
3JIEMEHTHBIA COCTaB

References

1 Novoselov, K.S., Geim, A.K., Morozovet, S.V. & all. (2011). Electric Field Effect in Atomically Thin Carbon Films. Sci-
ence, Vol. 306. 666—669.

2 Morozov, S.V., Novoselov, K.S., Schedin, F., & et. all. (2005). Two-Dimensional Electron and Hole Gases at the Surface of
Graphite. Physical Review, B 72, 201401.

3 Grigorenko, A.N., Geim, A.K., Gleeson, H.F., & et. all. (2005). Nanofabricated media with negative permeability at visible
frequencies. Nature, Vol. 438, 335-338.

4 elementl 14.narod.ru. Retrieved from http://element1 14.narod.ru/ionix.html.

5 Borisova, M.E., Diykova, E.U., & Koykov,S.N. (1984). Nakoplenie i relaksatsiia zariada v plenochnykh polimernykh
kondensatorakh [Accumulation and a relaxation of a charge in polymer film capacitors]. Matematicheskoe modelirovanie i
eksperimentalnoe issledovanie elektricheskoi relaksatsii v elementakh intehralnykh skhem — Mathematical modeling and experi-
mental research of an electric relaxation in elements of integrated circuits, 53—58. Moscow: MIEM HSE [in Russian].

6 Popova, A.A., Shikin, A.M., Rybkin, A.G., & et. all. (2011). Rol kovalentnogo vzaimodeistviia v formirovanii elektronnoi
struktury grafena [A role of covalent interaction in formation of electronic structure of a grapheme]. Fizika tverdoho tela — Physics of
the Solid State, Vol. 53, 2409-2413 [in Russian].

7  Shikin, A.M., Prudnikova, G.V., Adamchuket, V.K. & all. (2000). Phys. Rev. B., Vol. 62, 13202—13208.
8 Shikin, A.M., Rybkin, A.G., & Marchenko, D. (2013). New J.Phys., Vol. 15, 013016 (1-18).

9 Makhanov, K.M., Ermaganbetov, K.T., Chirkova, L.V., & Maukembayeva, M.A. (2017). Sposob polucheniia tonkikh plenok
grafita i oksida aliuminiia [Method of obtaining thin graphite films and aluminum oxide]. Zhurnal tekhnicheskoi fiziki — Journal of
Technical Physics, Vol. 87, 1057-1060 [in Russian].

38 BecTHuk KaparaHguHckoro yHuBepcuTeTa





