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Abstract

This paper presents the results of the obtained carbon nanostructures by the method of arc synthesis in helium.
During the synthesis, the methodology for producing fullerene-containing soot was worked out and the yield of
fullerenes was increased by 6% at an optimal current of 180 A and a voltage of 30 V, at a vacuum in the reactor of ~
0.004 Torr, and helium supply of 0.4 kg / cm?, water temperature of the cooling system ~ 19° C, The obtained
nanostructures were subjected to purification by evaporation using a Soxhlet apparatus in 5 cycles. Then the obtained
fullerenes Ceo and Cyo Were investigated using analytical instruments confirming their presence. After that, the obtained
fullerene mixtures were prepared in suspension and tested on a friction and wear machine.During the experiments, the
optimal proportions of mixtures of fullerenes with industrial oils I - 40, as well as additives of metal micropowders were
selected. The results of the analysis showed that the addition of fillers reduced friction and wear by 3-4%, which
improves the effectiveness of additives from previous studies.

Keywords: Carbon nanostructures, fullerenes, Raman spectroscopy, optical microscopy, arc synthesis, oils,
additives.
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MPOU3BOJCTBO HAHOMATEPHAJIOB JJIs1 IPUMEHEHMUWS B KAUECTBE JOBABOK

B pabote npeacTaBieHbl pe3yabTaThl MOJYICHHBIX YIIIEPOAHBIX HAHOCTPYKTYP METOJIOM JyrOBOTO CHHTE3a B cpelie
renus. B nporecce cunTe3a Obu1a 0TpaboTaHa METOAMKA NMOIYYeHUS (yuiepeHOCoAep KaIell CaKi U YBEIMYEH BBIXOA
¢bynnepenoB Ha 6% npu ontumanbHoM Toke 180 A u Hanpspbkenun 30B, npu Bakyyme B peaktope ~ 0,004 Torr, u
nogaun remus 0,4 xr/cm?, Temneparypoil Boapl cucteMe oxiakaeHus ~19 °C, TlonydeHHble HAHOCTPYKTYpHI
MOJIBEPrajIUCh OTYUCTKE METOJOM BBIIApPUBAaHUS C MOMOIIbI0 ammapara Cokciera B 5 IUKIOB. 3aTeM IOTy4eHHBIE
dymnepensl Ceo 1 C7o UCCIIEIOBAHBI ¢ IOMOIIBIO aHAIUTUYECKUX NPHOOPOB, MOATBEPKIAIOINX UX Hamuuue. Ilocme
Yero IMOoJyYeHHbIe cMecH (Dy/UIepeHOB OBUIM NPUTOTOBJIIEHBI B CYCIIEH3UM M NPOTECTHPOBAHBI HA MaIlIWHE TPEHUS U
n3Hoc. B xonme mpoBeneHMsi 3KcIepeMEHTOB ObUIM TMOA00paHbl ONTHUMAaJbHBIE MPOMOPHUH cMeceil (yulepeHoB ¢
WHIIyCTpUanadbHBIMU MaciamMu U - 40, a Taxke no0aBKaMHM METAUIMYECKUX MHKPOIOPOIIKOB. Pe3ynbTarsl aHanmsa
MIOKa3aJI1, YTO 00aBKa HANIOJHUTENEH YMEHBIINIO TPEHHE 1 U3HOC Ha 3-4%, uTo yiydmaeT 3 QpeKTUBHOCTD IPHCATOK
U3 MPEIBIAYIIIX UCCIICTOBAHMUM.

KaioueBble cioBa: VYriieponHble HaHOCTPYKTYPHI, (DyJUIEPEHBI, CIIEKTPOCKONHUS KOMOMHAIIMOHHOTO PacCestHus,
ONTHYECKass MUKPOCKOITUS, TyTOBOM CHHTE3, Macya, IPUCAIKH.
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KOCHAJIAP PETIHIE KOJTJAHYTA APHAJIFAH HAHOMATEPHUAJIJJAP OHAIPICI

Byn jxympICcTa Tenmiizie MOFaNbIK CHHTE3 OMiCIMEH aJbIHFAaH KOMIPTEKTI HAHOKYPBUIBIMIAPABIH HOTHXKeNepi
kenripinres. CuHTe3ey KesiHne QysuiepeHHeH TYpaThlH Kyie ally ofici jKacaiJbl KoHE OHTaiimsl TOK kesiHme 180 A
xoHe kepueyi 30 B, Bakyymua ~ 0,004 Top, an renmiimen kamramachi3 ety 0,4 Kr / cM?, caJKbIHAATy KYHECiHIH Cy
temriepatypacsl ~ 19° C, dynnepenniy kipicriniri 6% -ra aptrel. C, AnbIHFaH HaHOKYpBUIBIMAAp 5 mukige Cokener
annapaThIH NaianaHbl OyJiaHy apKbUIbl TazapTyFa ymbipansl. Conan kxeifin anbsiHFaH Ceo skoHE C7o TOJBIK eJmemiepi
oJlap/bIH OOJTYBIH pacTaifThIH aHAINTHKAIBIK KYpanaapislH KemeriMeH 3epTrenii. Ocblian KeiiH anbslHFaH (yuiepeH
KOCTlaJIapbl CyCIICH3MsAa JAaibIHAaNbII, YHKENC JKOHEe TO3y MallMHAchiHAA CchiHamabL Toxipubenep OapbichHIa
¢dbynnepenaepain U - 40 eHepkaciNTiK MaidapbIMeH, COHIaH-aK METaI MUKPOIIPOLIECTEP/IiH KOCTIATIaphIMEH OHTAMIIBI
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KaTbIHAChl TaHJaNAbl. Tanmay HOTHXKeNepi KOpCeTKEHJAEH, TONTHIPFBIITAPIBI KOCy YiKenic meH To3yabl 3-4%
TOMEHJIETe 1, OYJI aIbIHFBI 3epTTEYJIepAeTi KocHaaapAblH THIMAUTITTH apTThIPaIbI.

Tyiiin ce3mep: KOMipTeKTI HaHOKYPBUIBIMIAP, (yiuiepeHaep, KOMOMHAIMSUIIBIK, AMIBIPAYIbIH CIIEKTPOCKOIUSICHI,
ONITHKAJIBIK MUKPOCKOIIHS, TOFaJibl CHHTE31, Maii, Kocnamap.

Introduction

In 1990, after the moment when it was found out the way of production of fullerenes in gram quantities,
the new research began for their practical application. Large-scale studies on the use of fullerenes in many
fields of science, technology and production are still in the progress. The standing point on their use is the
high cost of fullerenes. However, the search for less price solutions does not stop even nowadays. Many
books have already been published [1-5], which describe the methods of preparation, structure and properties
of fullerene-containing materials, indicate the directions of their application and describe the advantages of
new materials.

Fullerenes can be used to improve the operational characteristics of mechanisms (vehicles, etc.). Thus
additives to oils and lubricants increase the wear resistance of friction pairs, anti-seize compounds are used
for units operating under the high loads, brake pad composites are used for high-speed vehicles. Modified by
fullerenes, wood composites are used in stern and similar bearings, and lubricating-cooling technological
compounds are used for the operation of tools.

Based on the general relevance of the research topic in the world today, the decision was made to conduct
a series of experiments to obtain additives based on carbon nanostructures - fullerenes within the framework
of existing equipment at the National Nanotechnology Laboratory (NNLOT) at KazNU named after al-
Farabi. In this work, additives based on the fullerenes were obtained. The analysis of the study was carried
out with the use of Raman spectroscopy and optical microscopy, as well as the testing installation for
defining friction by the Timken method in the laboratory.

During our research work, we, first of all, have obtained carbon nanostructures in an arc synthesis unit in
an inert helium medium shown in Figure 1 (on the left). At the beginning, to start working on the installation,
it was necessary to anneal graphite rods in a vacuum furnace at a temperature of 600 °C for 3 hours, Figure 1
(at the center).

An MPG-7 brand graphite electrode was used in the experiment. After that, the annealed rods were
previously weighed and then placed in the reactor of the installation. Next, the reactor was vacuumed, and
following that an inert helium gas was gradually injected, and graphite rods were gradually joint at a small
voltage of ~ 30V and a current of ~ 200A. During the closure of the lower anode rod, a spark (arc) was
formed with a temperature of ~ 700 °K in the center of the arc, thereby burning the lower anode graphite rod.
After synthesis, carbon-containing soot appeared on the walls of the reactor, fig. 1 (on the right), which was
then poured into a container and weighed on an analytical balance. The loss of mass of graphite during the
synthesis was about 10-20%.

Figure 1. General view of the installation

Subsequently, the obtained carbon nanostructured carbon soot was collected from the installation and
passed through a fine sieve with a mesh size of 500 um for uniform distribution of fullerenes throughout the
volume of carbon soot. Also, during the synthesis, a “deposit”, shown in Figure 2, was obtained from the
upper burnt cathode graphite rod, which may vary depending on the pressure of the buffer gas in the reaction
zone. In such an experiment, one can obtain amorphous carbon, single-walled nanotubes (SWNTSs), and
multi-walled nanotubes (MWNTS).
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Figure 2. Carbon deposit, consisting of amorphous carbon, SWNTs and MWNTSs.

By changing the experimental conditions and the characteristics of the production of carbon
nanomaterials, it is possible to increase the volume of soot and reduce the “deposit”. The main component of
the “deposit” is amorphous carbon. Amorphous carbon is the smallest crystals that are not arranged
uniformly, but randomly. During our experiments, there were worked out the modes, where, as the result, the
carbon “deposit” accounts for only 15-20% of the total mass of the graphite electrode.

Then, after weighing, carbon soot was packaged in the filter paper, which passed through 5 cleaning
cycles on a Soxhlet apparatus. The Soxhlet apparatus is used to evaporate at a low temperature and isolate
fullerite crystals, thereby isolating a mixture of fullerenes from carbon soot. Figure 3 shows how the Soxhlet
apparatus is used to evaporate fullerenes in help of toluene vapor condensed by a cyclic ring stream.

cooler

extractor

_ flat-bottom flask

Soxhlet installation scheme Cycle 1 Cycle 2

Figure 3. Isolation of fullerenes from fullerene-containing soot

The isolated fullerenes from soot were evaporated, thereby forming solid crystals called fullerites (See
figure 4).Figure 4 shows optical microphotographs of fullerite crystals obtained by us under the condition of
different electric current, where we can see the change in the geometric shape of fullerite as a function of the
current change supplied to graphite electrodes, with the use of a direct current source, which was served as a
welding rectifier.

The synthesis was carried out several times, during which the installation mode for producing carbon
nanostructures was developed, thereby increasing the output of the fullerene mixture from 4% to 6% by
choosing the optimal temperature and pressure, as well as other small parameters.Also, the obtained
fullerene-containing soot was used by us as an additive, by preparing a suspension from the industrial oil I -
40A. The produced suspension was stirred with a magnetic stirrer during several hours. Then a friction
machine was involved into the work, which made it possible to check quickly the quality of lubricants for
holding the oil film in the steel-steel friction pairs under various loads. Temkin’s machine imitated the
operation of a node of working mechanisms, where lubricants played an important role in the speed of wear
of parts of these nodes.

Figure 5 shows the Raman spectrum, from which the presence of the obtained Cy crystals can be seen.
The position of the peaks in the spectrum of the studied crystals — fullerites — corresponds to the peaks of
sample C7o presented at the reference [6, 7].

Figure 5 shows the Raman spectrum, which was captured using the integrated complex of probe and
optical microscopy and spectroscopy, AFM - Raman - SBOM - TERS. From the Raman spectrum, it is seen
that C70 fullerenes are present. Figure 6 shows the installation for checking friction material wear (steel-
steel).
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At the initial moment of friction, the upper layers of the friction pair were dispersed with the formation of
fine particles of material.
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Figure 4. Microphotographs of the obtained fullerites obtained by the increasing of electric current.
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Figure 5. Spectra of fullerenes Co
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Figure 6. a) a Timken machine for checking the reduction of friction, b) an erased bearing with an additive from a
fullerene-containing suspension, on the right without an additive at erased bearing. c) a suspension of fullerene-
containing soot.

9 |

a b

Interacting with the environment and with the active elements, the surface defects of the working element
were filled in. Subsequently, with the steady state of the contacting surface, a thin film of material was
coated, which sharply increased the actual contact area (more than 10 times).

This contributed to an increase in the durability of friction units.The resulting lubricants made it possible
to increase the efficiency by 1%, leading to an increase of engine power up to ~ 4%, since 25% of the
efficiency corresponds to the full power of the engine. Reducing losses in this of steel - steel pair contributed
not only to an increase in power of engine, but also brought to significant fuel economy.

Conclusion

In the course of conducting and testing the production of carbon nanomaterials, the output of fullerenes
was effectively increased from 4% to 6% at the facility by varying the modes of graphite rod burning rate
and pressure up to 30.7 kPa, as well as other small parameters at the facility.

The obtained fullerene materials were used as a lubricant, which allowed to reduce the friction and
bearing wear on an average rate of 3-4%. This effect was most likely due to the fact that, in the process of
tribopolymerization of mineral oil on rubbing surfaces, there was formed a coating in the form of a spatial
tribopolymer network connected to the substrate. This coating protected the rubbing surfaces, threw steel-
steel from direct contact, preventing mass transfer between the rubbing contacts and, at the same time, being
a spatial polymer network, retained mineral oil in its cells, thus providing both a low-wear friction regime
and a low friction coefficient. A further detailing of the supramolecular structure of the surface film requires
additional research.
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