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Dear Professor Goto, guests and colleagues, the
participants of the conference!

Welcome to NSU!

I wish you a fruitful work at the conference “2016
Advanced materials: synthesis, processing and
properties of nanostructures”. Our University has tight
and reliable relationships with Tohoku University, and
we hope that this conference on materials science will
establish  closer interactions between leading
universities of Russia and Japan.

About NSU

Novosibirsk State University was established by the Decree of the Council of Ministers of the
USSR dated January 9, 1958, six months after the decision to found the Siberian Branch of the USSR
Academy of Sciences. On September 29, 1959 Academician S.L. Sobolev gave the first lecture to
students of the new University.

The University was growing up together with Novosibirsk Scientific Center focusing on training
highly qualified specialists for science and education. Since the establishment the total number of
NSU graduates has exceeded 50 000. More than 6 000 of them have defended their Ph.D. theses, over
1600 have been awarded Doctor’s degree. 48 graduates of NSU became full members of the Russian
Academy of Sciences.

Among the University graduates there are many laureates of prestigious world awards and prizes
such as Fields Medal, EPS Europhysics Prize, etc. There are also more than 100 laureates of the Lenin
and State Prizes, the Prizes of the Council of Ministers of the USSR and the Russian Federation,
Presidential Awards in Science and Education, the Prize of the Russian Federation Government as
well as prizes of eminent scientists. Among graduates of NSU there are top businessmen and
entrepreneurs as well as managers of large enterprises and academic research organizations.

The feature of NSU is the system of competitive selection and training of talented young people.
NSU is the only University in Siberia with the developed multilevel system of continuing education.
The system of selection and training of highly qualified specialists consists of Olympiads,
correspondence schools on various subjects, winter and summer schools for students and applicants as
well as undergraduate, graduate and postgraduate training at NSU.

Let me once again congratulate you on the beginning of the conference and wish you success!
Rector
Mikhail P. Fedoruk, Doctor of Physics and Mathematics, Professor
More information about NSU: http://www.nsu.ru/?lang=en

About the Physics Department of NSU

Physicists are highly appreciated in modern society for the universal
character of their knowledge and their ability to solve problems of different
origin. An important feature of the chair training system is the large volume of
students’ research work. Starting with the third academic year students
conduct scientific research in research institutes of The Siberian Branch of The
Russian Academy of Sciences. Thus, by the moment of bachelor thesis defense
plenty of students have some research works already published. The
Department graduates work in leading research centers from Australia to
Canada and from the USA to Japan. http://www.nsu.ru/?lang=en
Head of Department of Physics
Alexandr E. Bondar, Doctor of Physics and Mathematics, the corresponding member of The Russian
Academy Sciences, Professor
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YBaxkaemble mnpogeccop T'oto, roctu u  KoJuIeru,
YYaCTHMKH KOHGepeHun!

IIpuBercTtByr0 Bac B crenax  HoBocuOupckoro
rOCyIapCTBEHHOI'0 YHHMBeEpCHTeTa W ’KeJal0 IUIOAOTBOPHOM
padoTsl Ha koHdepeHuun «llepenoBble MaTepHaJbl: CHHTE3,
o0paGoTka W cBoiicTBa HaHOCTPYKTYp - 2016». Ham
YHHBEpPCHTET HMeeT TMPOYHble M HAJeKHbIe CBA3H C
YuuBepcureroM ToX0Ky, M MBI HajeeMcCsi, YTO O4YepeAHAs
KOH(pepeHIMs B 00JaCTH MaTepHAIOBelleHHs1 OydeT cnoco0CTBOBATh YKPEIUICHMI0 Hay4YHbIX
cBsizell, /A00pPOCOCECKMX OTHONIEHWH, YKpeIUIeHHI0 JApY:KObl Mex1y JUANPYIOIHMMH
yHuBepcuteramu Pocenu u SAnonun.

HeckoJibKO €10B 0 HallleM YHHBepPCUTeTe

HoBocubupckuii rocynapcTBeHHBIH yHHBepcuTeT Obul co3maH [loctaHoBienuem CoBerta
MunuctpoB CCCP ot 9 stHBapst 1958 roma uepes moyroja mocie penienus o co3nanun CuOupCKoro
ornenenns Axagemmn Hayk CCCP. 29 centsops 1959 roma axamemux C.JI. CobomeB mpoumran
MIEPBYIO JIEKIUIO CTYI€HTaM HOBOTO YHHUBEPCHUTETA.

YHUBEpCUTET CTpOWJICS H pa3BuUBaicsi BMecTe ¢ HOBOCHMOMPCKMM Hay4YHBIM IIEHTPOM,
OpPHEHTHUPYSCh HA MOATOTOBKY BBICOKOKBAIN(HUIMPOBAHHBIX KaApOB AJsl Hayku U oOpazoBanusa. Co
nust ocHoBauusg u3 cred HI'Y Bemmmo 6omee 55 Teicsy crenmanucToB. CBeIIE 6,5 THICAY M3 HUX
3alIUTUIIM KaHOuIaTckue nuccepranuu, Oonee 1600 cramum goktopamu Hayk. B Poccuiickyro
akangeMuro Hayk m30pano 55 BeimyckaukoB HI'Y. Cpenu oxorunBmmx HI'Y — maypeatsl mpecTmKHBIX
MEXIyHApOIHBIX Harpag W mnpemuil (PunacoBckas menans u npemus, Ilpemus Esponeiickoro
¢usnueckoro obmectra), 6onee 100 maypeatoB Jlenmnckoir u ['ocyaapcTBeHHOH MpeMui, mpeMUit
Cosera MunuctpoB CCCP u PCDCP, [lpe3uneHTckux mnpemuii B 001acTH HaykKd U OOpa3oBaHUS,
npemui IlpaBurenscrBa P®, mpemuil Bbimarouiuxcst y4deHbIX. Cpeau BBITYCKHHMKOB - BeAyIIHE
OM3HECMEHBI, TPEANPUHAMATENH, PYKOBOIUTEIH KPYIHBIX TPOU3BOACTB M HAYYHBIX aKaJeMHYECKHX
OpraHU3aLMM.

Cremuduroii HI'Y sBnsercs cucrema KOHKYpCHOTO OTOOpa W TIOATOTOBKH TaJIAHTIMBOMN
monoaexu. HI'Y — enuncTBeHHbI By3 CuOupH, B KOTOPOM pa3BHTa MHOTOYPOBHEBask MOJIENb
HETPephIBHOTO 00pa3oBanus. OMUMINAABI, 3204YHbIE LIKOJIBI [0 PA3IMYHBIM NpeAMeTaM, 3UMHUE U
JleTHue MIKOJBI JJIs AOMTYpUEHTOB W CTYACHTOB, oOydenue B HI'Y OakayiaBpoB, CHEIMAIUCTOB,
MarvcTpaHTOB, aCIIMPAHTOB, IOKTOPAHTOB - BCE 3TO 3BEHBS €AMHOM cHCTEMBI 0TOOpa M MOJATOTOBKH
BBICOKOKBAJIM(HLINPOBAHHBIX CIIELIMATHCTOB.

[o3BonbTe emie pa3 Mo3/ApaBUTh Bac C HAYaIOM paboThl KOHPEPEHIIMH U TIOXKENaTh BaM ycrexa!
PexTop
Muxawnn [lerpoBuu ®enopyk, 1.d.-M.H., mpodeccop
[Toxpo6ree: http://www.nsu.ru/?lang=en

Heckoibko ciioB 0 Pusnueckom paxkyastere HI'Y
HaumHass ¢ TpeTbero Kypca CTYACHThI 3aHUMAIOTCS HaydyHOW pabOTOi B
UCCIIeIOBaTeNbCKUX MHCTUTYTaX Cubupckoro otaenenus: Poccuiickolt akagemMuu
Hayk. [loaTOMy, K MOMEHTY 3amuThl OakKaJaBpCKOTO IHUIUIOMa, HEKOTOpHIE
CTYJICHTHl yX€ HMEIOT ONyOJMKOBaHHBIE  KCCIIEJOBATEIbCKHE  PAOOTHI.
Boimyckauku ¢akynbreta paboTalOT B BEeAYLIMX HAayYHO-HCCIEIOBATENBCKUX

neHTpax oT ABctpanuu 10 Kananer u ot CIIA mo Smonwnw.
Jexan

Anexcannp EprenseBud bonnaps, 1.¢.-m.H., unen-kopp. PAH, npodeccop
IMoapo6ree: http://www.nsu.ru/?lang=en
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Program of
The Russia-Japan conference
“Advanced Materials:
Synthesis, Processing and Properties of Nanostructures —2016”

October 30 — November 3, 2016
Novosibirsk, Russia

Day 1, October 30

Arrival of Japanese guests

Day 2, October 31

The Little Hall of The House of Scientists

13:30 — 14:30 | Registration & Coffee-break

Opening ceremony
The Little Hall of The House of Scientists

Chairs: A. S. Zolkin, T. Goto

Welcoming speech

M. P. Fedoruk, the rector of NSU

A.Ye. Bondar, the head of Faculty of Physics of NSU

14:30 - 14:50 | T. Goto, the head of laboratory of multi-functional materials science, Tohoku
university

A. S. Zolkin, the head of the laboratory of experimental physics, Faculty of
Physics of NSU

Session 1
The Little Hall of The House of Scientists
Chairs: S. Novopashin, R. Belosludov

14:50 - 15:10 | T. Goto
Invited Laser Chemical Vapor Deposition of Functional Films




15:10 - 15:30

S. Novopashin

Invited Arc-discharge synthesis of nanomaterials
15:30 — 15:50 | V. Ulianitsky
Invited Detonation spraying. Technology, equipment and applications

15:50 — 15:55 | D.-S. Kang, Yu. Koizumi, K. Yamanaka, A. Chiba
Characteristics of Ni based superalloy fabricated by electron beam melting

15:55-16:00 | A. Yunoshev, S. Rafeichik, A. Plastinin, |V. Sil'vestrov
Applications of emulsion explosives for explosive welding of thin foils

16:00 — 16:05 | 1. Batraev, D. Dudina, D. Rybin
CCDS facilities as dynamic chemical reactors
Y. Hou, Y. Li, A. Chiba

16:05 —16:10 | Copper Influence on Corrosion Resistance to HF Acid Solution of Cu-modified
Ni-Co-Cr-Mo Alloys
A. Larichkin, K. Zaharchenko, B. Gorev, V. Kapustin

16:10 — 16:15 | Influence of creep-age forming on fatigue life of the components from B95
aluminum alloy
D. Rybin, D. Dudina, 1. Batraev, V. Ulianitsky

16:15—16:20 | Phase formation in metal-carbon systems during detonation spraying and post-
spray annealing

16:20 — 16:35 | Coffee-break

16:35-17:35 | Poster session 1

Day 3, November 1
Session 2

Room 4117 (New Building of NSU)
Chairs: V. Volodin, K. Fujiwara

09:30 — 09:50 | H. Katsui, T. Goto
Invited Melt solidification of high-temperature eutectic non-oxide ceramics
09:50 — 10:10 | B. Bokhonov
Invited In Situ electron microscopic investigations of Metal-Silicon interactions
10:10 - 10:30 | T. Wada, H. Kato
Invited Preparation of nanoporous base metals by dealloying in metallic melt and their
application for energy related materials
10:30 - 10:50 | M. Chen
Invited 3D nanoporous materials: new horizons of functional materials
V. Kuznetsov, A. Romanenko, A. Berdinsky, B. Kholkhoev, V. Makotchenko, V.
10:50 — 10:55 | Fedorov

Temperature dependences of electrical resistances of SWCNTs in PET
matrixes films




10:55 - 11:00

S. Stolyarova, V. Koroteev, M. Kanygin, L. Bulusheva, A. Okotrub
Synthesis of MS,/C (M=Mo, Ti) composites at high temperature and pressure

11:00 - 11:05

M. Kozlova, P. Poltarak, V. Fedorov
Composites based on low-dimensional transition metal chalcogenides with
noble metal nanoparticles

11:05 - 11:10

A. lIvanov, E. Svezhentseva, S. Gyrylova, O. Kurskaya, M. Gulyaeva,
Y. Vorotnikov, A. Alekseev, Y. Mironov, M. Shestopalov, A. Shestopalov.
Materials based on X-ray contrast octahedral metal cluster complexes and oxo-
polymers

11:10 - 11:15

M. Vlasov, N. Nikolaev, I. Merkulova
Terahertz spectroscopy of nonlinear media

11:15-11:30

Coffee-break

11:30 - 11:35

G. Yakovleva, A. Romanenko, A. Berdinsky, A. Ledneva, V. Fedorov
Optimization of thermoelectric properties of materials based on transition

metals chalcogenides

11:35 - 11:40

Yu. Mateyshina, L. Brezhneva, N. Uvarov
Synthesis and electrochemical properties of nanoporous carbon electrode

materials for supercapacitors

11:40 — 11:45

Y. Taki, M. Kitiwan, H. Katsui, T. Goto
Effect of carbon and silicon doping on electrical property of SiC

11:45 - 11:50

A. Ukhina, D. Dudina, B. Bokhonov, D. Samoshkin, S. Stankus, H. Katsui,
H. Kato

Morphological features of W- and Ni-containing coatings on diamond crystals
and properties of copper-coated diamond composites obtained by spark plasma
sintering

11:50 — 11:55

A. Myz, O. Kichai, G. Karagedov, R. Shutilov
Design of electroconductive MWCNT-AI,O3 composite ceramics

11:55 - 12:00

M. Popov, S. Bychkov, A. Nemudry
New approaches for enhancement of oxygen fluxes of hollow fiber membranes

12:00 — 12:05

D. Maslennikov, A. Matvienko, A. Sidelnikov, S. Chizhik

A study of the effect of structural transformations in the course of
Ce(C,04)3-10H,0 thermal decomposition on the morphology of CeO, obtained

12:05-12:10

P. Tyapkin, S. Petrov, A. Chernyshev, Y. Larichev, N. Uvarov
Physical and chemical properties of iron oxides inserted into SBA-15
mesoporous silica

12:10 - 12:15

J. Chen, A. Ito, T. Goto
Effect of deposition temperatures on preparation of Sr-Zr-O films using laser
CVvD

12:15-12:20

V. Lozanov, N. Baklanova, V. Shayapov, A. Berezin
Crystal growth and photoluminescence properties of reactive CVD-derived
monoclinic hafnium dioxide

12:20 - 12:25

N. Sankova, V. Semeykina, D. Selishchev, E. Parkhomchuk, E. Kozlova
Synthesis of titania materials for photocatalytic applications using template -

assisted method




12:25-12:30

V. Semeykina, A. Polukhin, A. Lysikov, E. Parkhomchuk
Novel structured catalysts with regular macroporosity for
hydroprocessing

heavy oil

12:30 —12:35

X. Liang, P. Sharma, Y. Zhang, A. Makino, H. Kato
Magnetic properties of nanocrystalline Fegs3SisBgP4Cug; cores processed with

two-step annealing method

12:35-12:40

E. Dobretsov, Yu. Mateyshina, N. Uvarov
Effect of lithium oxide excess and alumina on electric properties of
Li6,75La32r1,75Nb0,25012 solid electrolyte

12:40 — 12:45

A. Brester, D. Dudina
Phase formation and microstructure evolution during Spark Plasma Sintering
and hot pressing of Fe+Al powder mixtures

12:45 —-12:50

A. Skrypnik, A. Matvienko
The study of nickel product morphology developed during the gaseous
reduction of nickel oxide

12:50 — 12:55

W.-Y. Park, S.-G. Yu, T. Wada, H. Kato
Graphitization and Activation of Open-Cell Type Porous Carbon Prepared by
Dealloying in Metallic Melt

13:00 —14:30

Lunch

14:30 - 14:35

S. Chepkasov, A. Zolkin, E. Gladkikh
Some features of pulsed cathodic arc deposition of diamond-like carbon films

14:35 - 14:40

I. Krasnikova, I. Mishakov, A. Vedyagin
Synthesis of nanostructured carbon-carbon and carbon-mineral nanocomposites

14:40 — 14:45

A. Semerikova, A. Zolkin
Characteristic features of Raman spectra of hydrogenated DLC (a-C:H) films
containing fullerene-like structure

14:45 —14:50

M. Khomyakov, V. Demin, T. Smirnova, V. Borisov, G. Grachev, A. Smirnov
Mechanical properties of silicone carbonitride thin films obtained by laser-
plasma synthesis

14:50 — 14:55

V. Kuznetsov, D. Krasnikov, S. Moseenkov, V. Suslyaev, E. Korovin, A.
Romanenko, I. Kranauskaite, J. Macutkevic, J. Banys
Polymer composites with carbon nanotubes of different properties

14:55 - 15:00

M. Konishcheva, D. Potemkin, P. Snytnikov, V. Sobyanin
Selective CO methanation in the presence of CO, over Co/CeO, catalysts

15:00 — 15:05

I. Merenkov
Synthesis and properties of materials in B-Si-C-N system

15:05 - 15:10

A. Safonov, V. Sulyaeva, K. Kubrak, S. Starinskiy, N. Timoshenko
Deposition features of fluoropolymer coatings by Hot Wire CVD method using
nichrome activator

15:10 - 15:15

M. Kanygin, O. Sedelnikova, E. Korovin, V. Suslyaev, L. Bulusheva,
I. Dorofeev, A. Okotrub

Electromagnetic properties of polymers based composite materials with various
carbon inclusions

10




15:15-15:20

T. Ito, Y. Yokota, S. Kurosawa, K. Kamada, A.Yamaji, Y. Ohashi,
A. Yoshikawa
Crystal growth and evaluations of Ce:CsLiYCI6 single crystal growth by

halide-micro-pulling-down

15:20 - 15:25

M. Simonov, Yu. Demidova, I. Simakova, D. Murzin
Controlled synthesis of PVP-capped Ni and Co metal nanoparticles

15:25-15:30

A. Shutilov, R. Shutilov, G. Zenkovets
The use of the nanocrystalline catalysts V.05, WO3/(Ce(Y)-TiO,) with
enhanced thermal stability for NO reduction by NH3 to N,

15:30 - 15:35

A. Shutilov, G. Zenkovets
Effect of alumina additives on the nanostructure and thermal stability of TiO,
with anatase structure

15:35-15:40

P. Gribov, A. Matvienko, S. Chizhik, A. Sidelnikov, B. Zakharov
The study of structural and morphological changes during
decomposition of Y,(C,04)3°10H,0

thermal

15:40 — 15:45

V. Ponomareva, E. Shutova, I. Bagryantseva
CsH,PO, — proton electrolytes, modified by divalent cations

15:45—-15:50

Yu. Shorstkaya, Yu. Bauman, 1. Mishakov, P. Plyusnin, Yu. Shubin
Preparation and research of catalytic properties of bimetallic alloys NixPd;x

15:50 — 15:55

O. Gurova, L. Omel’yanchuk, A. Okotrub
Investigation of hyperthermic properties of nanohorn’s aqueous suspensions for

biological applications

15:55-16:10

Coffee-break

16:20-17:20

Poster session 2

Session 3

Day 4, November 2

Room 3122 (New Building of NSU)
Chairs: A. Zolkin, T. Goto

12:45-13:05 | R. Belosludov
Invited Role of Computational Materials Science in Realization of Advanced
Energy Materials and Nanostructure
13:05-13:25 | K. Fujiwara
Invited Morphological transformation of crystal/melt interface of silicon
13:25-13:45 | A. Zolkin
Invited Synthesis of DLC films. lon-beam technologies
13:45-14:05 | V. Volodin
Invited Optical properties of nanocrystals formed with the use of laser pulse annealing
14:05-15:35 | Lunch

11




15:35-15:40

N. Korobeishchikov, M. Roenko, V. Kalyada, G. Tatancev
Diagnostics of intensive gas cluster-ion beams for materials processing

15:40 — 15:45

T. Niheli, Y. Yokota, M. Arakawa, Y. Ohashi, S. Kurosawa
Growth of platinum fiber using the micro-pulling-down method and the local
struccture

15:45—-15:50

N. Korobeishchikov, V. Kalyada, I. Nikolaev, M. Roenko
Ultra-smooth surface polishing by argon cluster ion beam

15:50 — 15:55

V. Khudozhitkov, A. Zarvin
The possibility of the launch of plasmochemical reactions and generate clusters
with electronic activation of the gas flow

15:55-16:00

K. Shojiki, A. Miura, R.
Suemitsu and T.

K. Prasertsuk, S. Tanaka, T. Tanikawa,
F. Hemmi, S.

Nonoda, Kuboya, R. Katayama, T.
Tanikawa
Fabrication of inverted gallium nitride-hemt structure with flat interface grown

by metalorganic vapor phase epitaxy

16:00 — 16:05

D. Markovskaya, E. Kozlova, V. Parmon

The application of catalysts based on Cdg3Zno 7S doped by copper and nickel
species for photocatalytic hydrogen production from Na,S+Na,SO3; aqueous
solutions

16:05-16:10

Yu. Demidova, I. Simakova, J. Glasel, B. J. Etzold, T. Schubert, D. Murzin.
Carbon based Ru colloidal catalysts: synthesis approaches
catalytic behavior

and

16:10 - 16:15

L. Basalaeva, Yu. Nastaushev, F. Dultsev
Fabrication and characterization of silicon nanopillars

16:15-16:20

A. Lyamkina, S. Moshchenko
Non-radiative energy transfer in quantum dot ensemble mediated by localized
surface plasmons

16:20 - 16:35

Coffee-break

16:45-17:45

Poster session 3

Session 4

Day 5, November 3

Room 4310 (New Building of NSU)
Chairs: B. Bokhonov, V. Ulianitsky

09:50 — 10:10 | K. Shefer
Invited Investigation of nanocatalysts using the PDF method
10:10-10:30 | V. Prinz
Invited Metamaterials, topological photonic crystals and original hybrid micro-

nanomaterials

10:30 — 10:50
Invited

D. Dudina, B. Bokhonov, A. Ukhina, A. Brester, M. Esikov, A. Anisimov, V.
Mali

Microstructural non-uniformities in Spark Plasma Sintered compacts observed
at different length scales

10:50 — 10:55

E. Baranov, A. Zamchiy, S. Khmel
Plasma-enabled low temperature growth of high-density, aligned arrays of

12




silicon oxide nanowires bunches via VLS mechanism

10:55 - 11:00

K. Sashkina, A. Polukhin, V. Labko, A. Ayupov, A. Lysikov, E. Parkhomchuk
Design of hierarchical zeolite catalysts

11:00 — 11:05

M. Serebryakova, S. Novopashin
Thermophysical properties of nanofluids based on hollow Al,O3; nanoparticles
and water

11:05 - 11:10

A. Zaikovskii, S. Novopashin
Effect of the arc-discharge parameters on the morphology and the electrical
conductivity of the synthesized carbon materials

11:10 - 11:25

Coffee-break

11:25-11:30

A. Kurenkova, E. Kozlova, P. Kolinko
The effect of hydrothermal treatment on activities of Cdy3Zng7;S and Au/
Cdo.3Zno 7S under visible light

11:30 - 11:35

N. Filippov, S. Romanov
Silicon microchannel membrane and microfluidic devices on its basis

11:35-11:40 | S. Sakhapov, S. Novopashin
Synthesis and nanoparticles dynamic in spherical glow discharge
L. Lapteva, Yu. Fedoseeva, A. Okotrub, and L. Bulusheva
11:40 — 11:45 | Investigation of interactions of carbon nanomaterials with lithium by X-ray
spectroscopy
N. Kolobov, D. Selishchev, A. Gubanov, D. Kozlov, E. Kozlova
11:45-11:50 | UV-LED Photocatalytic Oxidation of Carbon Monoxide over the Pd-loaded
Catalysts Synthesized by the Decomposition of Pd(acac),
A. Shevyrin, A. Pogosov
11:50 - 11:35 | Electromechanical coupling in nanoelectromechanical systems with a two-
dimensional electron gas
N. Mironnikov, V. Korolkov, D. Derevyanko, V. Shelkovnikov,
11:55-12:00 | Hybrid photopolymer material “Hybrimer-TATC™: peculiarities of laser
processing and properties of thin films
V. Sadykov, Yu. Fedorova, A. Lukashevich, Z. \ostrikov, N.Eremeev,
12:00 - 12:05 | A. Krasnov, A. Skryabin
Novel nanocomposte materials for oxygen separation membranes
I. Kostogrud, D.Smovzh
12:15-12:20 | Transferring of CVD-graphene from the copper substrate to the polymer
substrate
12:30 — 13:30 | Poster session 4
13:30 —15:00 | Lunch

Closing Ceremony
Room 3107 (New Building of NSU)

15:00

Farewell speech
Awarding
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LASER CHEMICAL VAPOR DEPOSITION OF FUNCTIONAL FILMS

Takashi Goto
Institute for Materials Research, Tohoku University
e-mail: goto@imr.tohoku.ac.jp

CVD (Chemical Vapor Deposition) has been widely used for preparing thin films. Thick films
and bulky plates mainly non-oxides (nitrides and carbides) such as SiC wafer have also been prepared
by CVD. Although oxides have useful applications for dielectrics, optics, superconductors and
catalytic materials, CVD oxide thick films has hardly been obtained, because precursors mainly metal-
organic (MO) compounds are generally too reactive with oxidant gas and easily decompose at high
temperature resulting in premature reactions in a gas phase. This would result in decreasing
deposition efficiency and deposition rate, and thus the deposition rate of CVD oxide films has
commonly been less than several um/h. Auxiliary energy such as laser, termed as laser CVD, can
effectively enhance the deposition rate and lower the deposition temperature. Laser CVD has been
categorized into two types, i.e., photolytic laser CVD and pyrolytic laser CVD. Photolytic laser CVD
usually employs a high-energy laser, such as excimer laser. Photochemical reactions occur in a gas
phase yielding deposition of film without heating substrate. However, films cannot be prepared at
high-speed in a form of thick film. On the other hand, pyrolytic laser CVD commonly employs an
infra-red laser, typically CO, laser. By introducing source gases into the locally heated area by the
laser, the deposition reaction may occur at a significantly high speed. The deposition area of the
pyrolytic laser CVD can be a laser beam size, usually less than a few millimeters. Since source gases
can easily access such a small deposition area, the deposition rate can be significantly enhanced by
laser energy. The deposition rate (in length of deposit) can be at most 10” times as high as those of
conventional thermal CVD. However, it has been thought that high-speed, wide-area and thick coating
is impossible by pyrolytic laser CVD due to the small laser beam size.

We have developed a new kind of laser CVD enabling high-speed and wide-area coating by using
high-power lasers. The deposition rates in volume of our laser CVD are several orders higher than
those of common pyrolytic laser CVD. We have prepared various oxides and non-oxide films at
significantly high deposition rates at most 27.5 mm/h for SiO, film®.

Laser CVD can prepare various functional films. Calcium phosphate, calcium titanate and
calcium silicate films as bio-active and bio-degradable films were prepared on Ti implant. Highly c-
axis oriented hydroxyapatite film prepared by the laser CVD exhibited the highest regeneration rate of
hydroxyapatite in a simulated body fluid. A non-lead ferroelectric BaTi,Os film, discovered by us,
with highly (010) orientation was prepared?. The laser CVD was applied to prepare superconducting
c-axis oriented YBa,Cu;0-.5 (YBCO)? and CeO, buffer layer” epitaxial films on Hastelloy tape. It is
commonly difficult to prepare Na and Li containing compound films by CVD due to high vapor
pressure of Na and Li. Na-B/B" aluminas because of high vapor pressure of Li and Na at high
temperature. In the present work, crystalline Na B/B"-alumina films have been prepared using
Al(acac); (acac: acetylacetonate) and Na(dpm) (dpm: dipivaloymethanate) as precursors. Na [/B"-
alumina films were prepared by laser CVD, The deposition rate of Na 3/B"-alumina films reached 44
um h™ at Tge, = 1316 K®, Various Li conducting compound films were prepared by laser CVD®. a-
LiAlsOg, y-LiAIO, and B-LisAlO, films were prepared around 1000 K at 70 to 100 um h™.

[1] J. Endo, A. Ito, T. Kimura, T. Goto, Mater. Sci. Engineering, B, 166 (2010) 225.
[2] A. Ito, D.Y. Guo, R. Tu, T. Goto, J. Euro. Ceram. Soc., 32 (2012) 2459.

[3] P. Zhao, A. Ito, R. Tu, T. Goto, Appl. Sur. Sci., 257 (2011) 4317.

[4] J.R. Vargas-Garcia, L. Romero, R. Tu, T. Goto, Thin Solid Films, 519 (2010) 1.
[5] C. Chi, H. Katsui, T. Goto, Sur. Coat. Tech., 276 (2015) 534.

[6] C. Chi, H. Katsui, R. Tu, T. Goto, Mater. Chem. Phy.,143 (2014) 1338.
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ARC-DISCHARGE SYNTHESIS OF NANOMATERIALS

S. Novopashin®?
Kutateladze Institute of Thermophysics SB RAS, Ac. Lavrentiev Ave. 1, Novosibirsk, 630090

Novosibirsk State University, Pirogova Str. 2, Novosibirsk, 630090
e-mail: sanov@itp.nsc.ru

The report is devoted to the review of opportunities of synthesis of nanomaterials with
use of the arc-discharge. The report is based on the experimental studies conducted at the
Institute of Thermophysics of the Siberian Branch of the Russian Academy of Science.

Features of synthesis of the following nanomaterials are presented:

1. Carbon nanomaterials (fullerenes, nanotubes, decanter, nanocrystal carbon);

2. Encapsulated nanoparticles of metals;

3. Synthesis of intermetallic nanoparticles;

4. Synthesis of nanoparticles of oxides;

5. Synthesis of carbide nanoparticles;

6. Synthesis of ferromagnetic nanoparticles.

In the report the fields of possible practical use of plasma-arc technology are considered:

1. Ecology (conversion of associated petroleum gas, catalytic burned up exhaust gases
of cars);

2. Power (material for catalytic cathodes of fuel elements);

3. Technologies of synthesis of magnetic liquids;

4. Metalworking (synthesis of heavy-duty nanopowders of carbide of tungsten);

5. Synthesis of new materials (nanoceramics).

6. Synthesis of bactericidal materials on the basis of silver.
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DETONATION SPRAYING.
TECHNOLOGY, EQUIPMENT AND APPLICATIONS.

V.Yu. Ulianitsky
Lavrentyev Institute of Hydrodynamics SB RAS, Novosibirsk, Russia.
e-mail: ulianv@mail.ru

Gaseous detonation is well-known as the phenomenon of highest concentration of gas-fuel
combustion energy. As occurs in a gun barrel, it produces a detonation products flow with a
temperature up to 4500K and velocity about 1200 m/sec. This advantage has been used for powder
material spraying in the middle of the XX century already [1]. Usually so-called Chapman-Jouguet (or
self-sustained) detonation is realized in a barrel.

The new generation installation (CCDS2000) for detonation spraying was developed [2] at
Lavrentyev Institute of Hydrodynamics SB RAS as a result of extensive research of the detonation
process and its peculiarities in the barrel of a detonation gun in the presence of particles in detonation
products. The principal features of CCDS2000 installation are as follows:

i) high-precision gas distribution system, with a damping chamber between the mixer and the
barrel, ensures safety of operation for all explosive mixtures;

ii) pulsed and localized powder feeding into the barrel guarantee high uniformity of the particle
spray and the ability to work with several feeders simultaneously;

iii) removable barrels and nozzles permit changing size of the coating spot from 1 to 10 cm?;

iiii) the process is controlled by a PC which ensures stability of the detonation regime and
coordinates the operation of the manipulator and the detonation gun.

New generation D-gun is portable, high frequency operation (up to 10 Hz) and can work with any
gaseous fuel mixed with an oxidizer in any proportion; it permits one to inject simultaneously two
fuels. It is an ideal device both for technology development and for industrial use.

Spraying conditions has been studied for different powders: metals (aluminum, copper, iron, nickel,
cobalt, molybdenum etc), alloys (steel, cast iron, nickel-chrome, brass, duralumin, self-fluxing etc), ceramics:
(alumina, chromia, zirconia, titania), cermets (carbides of tungsten, chromium, titanium with binder). To
establish optimum spraying modes all necessary techniques of analyses has been used: SEM, X-rays,
adhesion and cohesion measurement, micro-hardness, residual stress, chemical analysis, abrasive and
erosive resistance, electro insulation. Some our result on coatings properties can be found in [3].

Detonation spraying can have a lot of industrial application. Detonation coatings can be deposited
on the substrates made of metals, ceramics, plastics, even wood and can coat surfaces of arbitrary
shapes with the incidence angle up to 60°. For the majority of materials, the coating thickness can
exceed some millimeters. Due to the pulsed nature of detonation spraying processes an overheating of
the treated component can be practically excluded, so any changing of component shape or extraneous
structural changes in its material will be prevented; it is possible to coat substrates with thickness less
than 1 mm. Detonation spraying is very effective for restoration of worn-out components.

In our experience [3], detonation coatings are applied in: aerospace industries, machine-building
and ship-building, equipment for oil mining and chemical processes, machines for wood processing
and paper production, equipment for metal mills and food industries, components of electrical and
electronic devices.

[1] R.M. Poorman, H.B. Sargent, and H. Lamprey. US Patent 2,714,553. August 2, 1955.

[2] V. Ulianitsky, A. Kirjakin, A. Shtertser, and S. Zlobin, Detonation Spraying Unit, RF
Patent 2399 431, 20.09.2010.

[3] V. Ulianitsky, A. Shtertser, S. Zlobin, and I. Smurov, Computer-Controlled Detonation
Spraying: From Process Fundamentals Toward Advanced Applications, J. of Therm. Spray
Technology, 2011, 20 (4), p. 791-801.
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CHARACTERISTICS OF NI BASED SUPERALLOY FABRICATED BY ELECTRON
BEAM MELTING

DONGSOO KANG', YUICHIRO KOIZUMI?, KENTA YAMANAKA? and
AKIHIKO CHIBA?
'Department of Materials Processing, Tohoku University
?|nstitute of Materials Research, Tohoku University
e-mail: louis.kang@imr.tohoku.ac.jp

Improvement of high temperature performances in Ni based superalloy is substantially
associated with its microstructure stability at high temperature. Microstructure stabilities can be
controlled by various method such as alloying element addition, heat treatment and fabrication
technique evolution. Electron beam melting (EBM) is one of additive manufacturing
technologies which are also known as “3D printing”. One of powerful advantages is that EBM
can control the solidification morphology during building (or stacking) because the building
process is progressed in layer by layer. In other words, the grain growth can be progressed in
direction of heat flow during building. Therefore, this method allows us to make the desirable
solidification morphology. However, the relationship between solidification morphology and
mechanical properties of conventional Ni based superalloy fabricated by EBM have not been
well established. This study aims to reveal the characteristic of a conventional Ni-based
superalloy, fabricated by EBM.

Testing rod specimens were prepared by two methods for comparison. One is conventional
Investment casting using Vacuum induction melting furnace. The other is Arcam A2 EBM
system (Arcam, Sweden) with gas atomized powder. Chemical compositions of alloys were
analyzed by Inductively coupled plasma (ICP). Heat treatment was conducted as follows:
solution heat treatment at 1473K for 2 hours, primary aging at 1323 K for 4 hours, furnace
cooling up to 923 K and kept for 10 min, stabilization at 1327 K for 4 hours and furnace cooling
to 923 K, hold at 923 K for 10 min and secondary aging at 1118 K for 16 hours and then air
cooling. Solidification morphologies and microstructures of Ni based superalloys were observed
with optical microscope, field emission scanning electron microscopy, electron backscatter
diffraction and transmission electron microscopy. Hardness was measured at room temperature
by Vickers hardness test. Tensile test was conducted at temperature ranging from room
temperature to 1253 K with a strain rate of 1.5-10™s™.

Figure 1 shows the solidification morphologies of
Ni based superalloys fabricated by Investment casting | (a) [*

(IC) and EBM process, respectively. Equi-axed grain _ c W ‘ @

morphologies could be shown in IC alloy, while
columnar grain growth along building direction with
<100> orientation could be observed. These differences
of solidification morphologies might be due to different
solidification behavior and heat flow direction.

Figure 1. Solidification morphologies of Ni based superalloy ;
(@) Investment casting specimen and (b) EBM specimen.
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APPLICATIONS OF EMULSION EXPLOSIVES FOR EXPLOSIVE WELDING OF
THIN FOILS

A.S. Yunoshev, S.1. Rafeichik, A.V. Plastinin, V.V. Sil’vestrov|
LIH SB RAS, Novosibirsk, Russia
e-mail: rafeichik-s@yandex.ru

Low-velocity emulsion explosives (EMX) are used in present work for explosive welding
of thin foils. Low values of the density of explosive and its detonation pressure are obtained
by addition of high amount of porous sensitizer glass microballoons MS-V or ultralight
polymeric microballoons Expancel.

EMX layer of 3 mm thickness is used for explosive cladding of steel by 0.2 mm copper
foil in parallel welding scheme. It contains 8 weight % of MS-V and has density of pp = 1
g/cm® with detonation velocity of D = 3 km/s. In other case 12 mm EMX layer containing 35
% MS-V is used to weld 1 mm steel plate with copper plate. The parameters are po = 0.63
g/cm® and D = 2.5 km/s.

Estimated turning angle and contact point velocity are in the area of parameters of
strength joint [1]. Microphotographs of polished welds obtained with scanning electron
microscope LEO-420 are on fig. 1.

%

A

1 mm steel / copper

0.2 mm copper / steel

R & A3
7 P>
< :
.
‘

20 p 10p
Fig. 1. Microphotographs of polished welds for copper / steel pair.

For explosive welding of lead foil it needs significantly more soft parameters, so welding
scheme with the angle and buffering copper plate is chosen. EMX layer of 10 mm, angle of
slope a = 6° and initial gap of 5 mm are used. Thicknesses of the lead foil and buffering plate
are 0.05 mm and 0.2 mm respectively. The parameters of low-density EMX are po = 0.2 g/cm®
and D = 2 km/s obtained by using ultralight polymeric microballoons.

Y

Fig. 2. Experiment of explosive welding of lead foil with steel plate.
It is shown that EMX with low detonation velocity and low density down to 0.2 g/cm® can
be used for explosive welding of thin foils including lead foil of 0.05 mm thickness.
This work was supported by RFBR (project Ne 15-03-00883).

[1] A.A. Deribas. Physics of explosive strengthening and welding. — Novosibirsk: Science,
1980.
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HEKOTOPBIE IIPUMEPBI IPUMEHEHHWA HU3KOCKOPOCTHBIX
IMYJbCHOHHBIX BB VIS CBAPKHU B3PBIBOM TOHKHUX ®OJIbI

A.C. FOnomes, C.1. Padeiiunk, A.B. [Inactuann, B.B. CunsBectpos
UT'uJlI CO PAH, 2. Hogocubupck
e-mail: rafeichik-s@yandex.ru

[TpuBeneHbI pe3yabTaThl SKCIEPUMEHTOB MO0 TMPUMEHEHUIO 3MYJIbCHOHHBIX B3PBIBYATHIX
BEIIECTB JJIs CBApKH B3PbIBOM TOHKUX (osibr. Huskue 3nauenus miorHoctu BB u naBnenus
JNETOHAlMM  JOCTUTAIMCh  IMyTeM  J0OaBJIEHUS  3HAYUTEIBHOH  JONHM  MOPUCTOTO
CeHCHOMIIN3aTOpa, B KaueCTBE KOTOPOTO MPUMEHSUIUCH TOJIbIE CTEKIJISHHBIE MUKPOOAJIIOHBI
MC-B u ynbpTpanerkue nmojmmMmepHbsie MUKpoOamutonsl Expancel.

Jlnst maakupoBaHus ctand MeaHou (ombroi TommmHoN 200 MKM HCHONB30BAJICT 3 MM
citoit OMBB ¢ 8 % MC-B miotHOCTBIO po = | r/em® 1 co ckopocTsio aeronamun D = 3 km/c.
Jns cBapku B3pBHIBOM IIJIACTUHKA M3 HEP)KABCIOMIEH CTaM TOJIIMHOW 1 MM C MEIHBIM
OCHOBaHHEM wucnoibp3oBasica 12 mm cioit OMBB ¢ 35 % MC-B pg = 0,63 r/em®u D = 2,5
kM/c. [lo omeHkam, 3Ha4eHHs yriia TOBOPOTa M CKOPOCTH TOYKM KOHTaKTa TOMAJAI0T B
o0JacTh CBapUBaeMOCTH Hapbl Meab/cTans [1]. MukpodoTtorpaduu pa3pe3oB cBapHBIX IIBOB,
MOJIy4eHHBIE Ha 3JIEKTPOHHOM CKaHupyromeM Mmukpockorne LEO—420, npusenens! Ha puc. 1.

s

A

Cu 0,2 mm / cTaas Craas 1 mm / Cu

# —

20 p 10p
Puc. 1. ®ororpadpuu nm@os cBapHBIX IIBOB B Tape MEAb/CTAb.

JUia cBapku B3pBIBOM CBHHLA, B OTIMYME OT MEIU, HE YJOACTCs HCIOJIb30BaTh
napajjieNibHyl0 CXEMYy paclOJIOKEHHUs! IJIAaCTUH — TpeOYIOTCs 3aMeTHO Oosiee «MSTKHe»
napamMeTpbl — IMO3TOMY Obljla BBIOpaHa cxema cBapku 1oja yriioM. C yd4eTOM TOJIIIUHBI
cBUHIIOBOM ¢omnbru 0,05 MM, mpuMeHsiIach 6y(pe§)Ha;1 IUTACTHHA U3 Meau TomuHou 0,2 MM,
u OMBB ¢ ouenp Huzkoit mioTHocThio 0,2 T/cM”, moMydyeHHOe Npu J100aBIEHUU OOJIBIIOTO
KOJIMYECTBA TOJMMEPHBIX MHUKpoOaioHoB Expancel. CkopocTe JeToHAIMu paBHSUIACH 2
KM/C, YT0JI HaKJIOHA IJIACTUHBI O = 6°, HAYABHBIT 3a30p MEX]y IIJJACTUHAMHU — 5 MM.

Fa'l
A=

_O,O,O,O,,,,O

Puc. 2. DxciepuMeHT 1o cBapKe B3pbIBOM CBUHIIOBOM (DOJIBIH CO CTAIIBIO.
[TokazaHo, 4yto »MynbCcHOHHbIE BB ¢ HHM3KOM CKOpPOCTBIO JETOHAUMU W HU3KOU
moTHOCTBIO 110 0,2 T/em® MOTYT YCIEIIHO HMCIOIB30BAaThCS ISl CBAPKHU B3PHIBOM TOHKHX
¢oJbr, B TOM YHKCIIE U3 CBUHIIA.
Paboma evinonnena npu punancosoii noooepoicke PODU (npoexm Ne 15-03-00883).
[1] depubac A.A. ®usmka ynpouHeHus U cBapku B3pbiBoM. — HoBocuOupck: Hayka, 1980.
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CCDS FACILITIES AS DYNAMIC CHEMICAL REACTORS

. S. Batraev’, D. V. Dudina**, D. K. Rybin*
! Lavrentyev Institute of Hydrodynamics SB RAS, Lavrentyev Ave. 15,
Novosibirsk, 630090
? Institute of Solid State Chemistry and Mechanochemistry SB RAS, Kutateladze str. 18,
Novosibirsk, 630128
¥ Novosibirsk State University, Pirogova Str. 2, Novosibirsk, 630090
e-mail: ibatraev@gmail.com

Detonation spraying is a promising method for deposition of functional coatings from
powders of various metals, alloys, ceramics and composites. Computer-controlled detonation
spraying (CCDS2000) facilities developed in LIH SB RAS as a result of comprehensive
studies of detonation in gas fuels [1] allows for flexibility in varying the parameters of the
process and tailoring the phase composition and microstructure of coatings.

Recently, our group has investigated the chemical aspects of the behavior of a number of
materials in the process of detonation spraying using CCDS2000 [2]. The goal of the present
work was to study the mechanisms of the formation and control tools of the microstructure
and coatings properties. The possibility of obtaining different phases in composite coatings by
varying the deposition parameters, such as explosive charge (the amount of an explosive
mixture used in one shot), oxygen/carbon molar ratio, nature of the carrier gas and stand-off
distance, was examined. The phases of the coatings can be formed in situ as a result of
interaction of the chemically reactive powders with the detonation products and the carrier
gas. Deposition of titanium [3], Ti-Al intermetallics [4] and Ti-TiC composites [5] using
CCDS2000 showed the possibilities of controlling the phase composition and crystallite size
of the phases of the coatings. It was demonstrated that the phase composition of the coatings
can differ significantly from that of the feedstock powders.

This research is partially supported by the Russian Foundation for Basic Research,
project 14-03-00164 a.

[1] V. Ulianitsky, A. Shtertser, S. Zlobin, I. Smurov. J. Thermal Spray Technol. V.20, 791-
801 (2011).

[2] D.V. Dudina, 1.S. Batraev, V.Yu. Ulianitsky, M.A. Korchagin. Ceramics International.
V.40, No.2, 3253-3260 (2014).

[3] V.Yu. Ulianitsky, D.V. Dudina, I.S. Batraev, A.l. Kovalenko, N.V. Bulina, B.B. Bokhonov
Surface & Coating Technology. V.261, 174-180 (2015).

[4] D.V. Dudina, I.S. Batraev, V.Yu. Ulianitsky, N.V. Bulina, M.A. Korchagin and O.l.
Lomovsky. Materials and Manufacturing Processes. V.30, 724-729 (2015).

[5] D. V. Dudina, G. A. Pribytkov, M. G. Krinitcyn, M. A. Korchagin, N. V. Bulina, B. B.
Bokhonov, I. S. Batraev, D. K. Rybin, V. Yu. Ulianitsky. Ceramics International. V.42,.690—
696 (2016).
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COPPER IFLUENCE ON CORROSION RESISTANCE TO HFACID SOLUTION OF
Cu-MODIFIED Ni-Co-Cr-Mo ALLOYS

Yuhang Hou', Yunping Li? Akihiko Chiba®
"Materials System Engineering, School of Engineering, Tohoku University,
Sendai 980-8577, Japan
Department of Materials Science and Engineering, Central South University,
Changsha, China
®Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan
e-mail: houyuhang@imr.tohoku.ac.jp

Developing materials with both high strength and high resistance to hydrofluoric acid
(HF) is of great importance for industrial applications such as the fabrication of
chlorofluorocarbon compounds, components in injection moulding of polyfluoroalkoxy resin
(PFA), and high-pressure containers used in the chemical industry. Various studies have
indicated that Ni-Cr-Mo alloys can offer excellent corrosion resistance to HF solutions
because a Mo-oxide-dominant passive film can form on the sample surface; the film is both
compact and inert to any further attack by HF. Therefore, Ni-16Cr-15Mo (NiCrMo, wt.%)
alloy is widely used in HF conditions despite their lower strength compared to Co-Cr-Mo
alloys.

Our research has indicated for the first time that substituting Co for Ni by up to 30 wt.%
can greatly increase the strength of the alloy without sacrificing its corrosion resistance to HF
solutions. This is made possible by greatly reducing the stacking fault energy (SFE) of the
alloy by alternating its plastic deformation mechanism because the cross slip is significantly
inhibited in low-SFE materials, leading to higher work hardening of materials and therefore
higher hardness or stress.

This study examined the effect of partially substituting cobalt for nickel in Ni-16Cr-15Mo
alloy on corrosion resistance to 5mol/L HF acid solution at 100 °C. Microstructural
characterisations revealed that cobalt substitution did not have a detrimental effect on
corrosion resistance, but rather, it seems to enhance the formation of a compact and thin Mo-
rich passive film by selective dissolution of elements. Heat-annealing drastically lowered the
corrosion resistance due to Mo-rich precipitate of alloy, which lowered the concentration of
Mo in bulk matrix, in particular close to precipitate sections, leading to inhibition of
formation of homogenous and compact Mo-rich passive film.

A small addition of Cu yielded a further improvement in the corrosion resistance of Ni-
30Co0-16Cr-15Mo-6Fe alloy, even after cold forging. The passivation of Ni-30Co-16Cr-
15Mo-6Fe alloy by a Mo-oxide-dominated passive film completely changed to passivation by
a Cu-dominated one in Ni-30C0-16Cr-15Mo-6Fe-2Cu alloy during immersion in HF solution
because the segregation behaviour of Cu was much stronger compared to that of Mo.
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INFLUENCE OF CREEP-AGE FORMING ON FATIGUE LIFE OF THE
COMPONENTS FROM B9 ALLUMINIUM ALLOY

A.Yu. Larichkin'? K.V. Zakharchenko®® , B.V. Gorev?, V.I. Kapustin®
'Novosibirsk state university, Pirogova Str. 2, Novosibirsk, 630090,
2LIH SB RAS, Lavrent'ev Ave. 15, Novosibirsk, 630090,
*Novosibirsk state technical university,K.Marksa Ave.20, Novosibirsk, 630073
e-mail: larichking@gmail.com

Due to the improvement of the forms of aircraft, methods of complex surfaces forming
using rectangular solid plates and elevated temperatures have become popular. Compared
with the production of prefabricated elements, such molding techniques allow saving
resources, reducing weight, getting rid of assembly and fitting work on the stage of
manufacturing. How different will the fatigue life of pre-deformed at different temperatures
and deformation rates products be? The answer to this question is relevant to aerospace
industry. A pilot study of the issue is conducted.

The technological process of forming panels of a given geometry made of the B95 alloy
(Al- Zn -Mg- Cu) has been simulated including: plastic strain in the range 10 - 107 s at
normal (20°C) temperature, artificial ageing temperature (165 °C) and annealing temperature
(420°C), followed by heat treatment at the T2 mode in accordance with the production
instruction Pl 1.2.699-2007. It has been experimentally found how the process parameters
(temperature and strain rate) influence the fatigue limit. It has been shown that resistance to
fatigue of the B95 alloy does not decrease after pre-strain at annealing temperature.

Pre-strain of the samples made of the B95 alloy at annealing temperature (420°C) and
strain rate of 102 s | followed by heat treatment in the T2 mode does not reduce the
resistance to fatigue (twice) as compared with the samples deformed at 20°C.

It is shown that the fatigue limit of B95 after pre-strain at the ageing temperature (165°C)
with subsequent heat treatment become higher with the pre-strain rate decreased.

In these series there is a trend to reduce the number of cycles before destruction which
correlates with the results of the forming method proposed in [1].

The work is performed at the support of the grants of the Russian Foundation for
Fundamental Research: 15-01-07631, 16-08-00713, 16-31-00460.

Key words: processing technique, forming, strain rate, experiment, durability, aluminum
alloy, creep, fatigue

[1] O. Senatorova Sposob polucheniya izdeliya iz vysokoprochnogo alyuminievogo splava [A

method of producing a high-strength aluminum alloy]. Patent RF, no. 2396367, MPK C22F
1/053 (2006.01), 7 p.
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PHASE FORMATION IN METAL-CARBON SYSTEMS DURING DETONATION SPRAYING
AND POST-SPRAY ANNEALING

D. K. Rybin', D. V. Dudina'?, 1. S. Batraev', V. Yu. Ulianitsky"
! Lavrentyev Institute of Hydrodynamics SB RAS, Lavrentyev Ave. 15, Novosibirsk, 630090
% Novosibirsk State University, Pirogova Str. 2, Novosibirsk, 630090
e-mail: rybindenis1990@gmail.com

Thermal spraying processes are based on heating and acceleration of powder particles by high-
temperature gas flows. In detonation spraying, the phase composition of the coatings is very sensitive to the
0,/C,H, ratio and the nature of the carrier gas. Thanks to a flexible process of forming an explosive
mixture, the CCDS2000 detonation spraying equipment allows initiating the detonation process in a wide
range of O,/C,H, ratios. During deposition of detonation coatings, depending on the concentration of the
fuel in the explosive mixtures, the formation of oxides (in the case of low fuel contents) and carbides (in
the case of high fuel contents) is possible.

In the coatings obtained by deposition of a titanium powder using oxygen-rich mixtures at
0,/C,H,=2.5, titanium nitrides, oxides and oxynitrides were observed. During deposition of titanium in
strongly reducing conditions (O,/C,H,=0.7), titanium carbides and titanium carbonitrides formed. The
formation of nitrides, oxynitrides and carbonitrides in the coatings is influenced by the nature of the carrier
gas (nitrogen or air). The behavior of titanium during the deposition process and the phase composition of
the coatings obtained in various deposition conditions are described in detail in ref. [1].

The formation of metastable phases in the coatings obtained by detonation spraying using a nickel
powder and mixtures of nickel and amorphous carbon was investigated [2]. It was found that solid solutions
based on metastable hcp-Ni and fcc-Ni formed in the detonation coatings at O,/C,H, =0.7 and explosive
charges 50-70%. Metastable phases were not detected in the coatings obtained from the nickel powder at
0,/C,H, equal to 1.1 and at higher oxygen contents. In the coatings obtained at O,/C,H,=2.0, partial
oxidation of nickel was observed (formation of nickel oxide).

Studies were conducted to determine the phase composition of the metal-carbon detonation coatings
after annealing in a Spark Plasma Sintering (SPS) facility, which offers a convenient way to rapidly heat the
samples in a reducing atmosphere. Investigations show that annealing leads to transformation of metastable
phases in the coatings. During annealing of the coatings obtained from the Ni-C,, powders, metastable
phases — solid solutions based on cubic and hexagonal nickel — decomposed, the cubic nickel becoming
the main component of the metallic part of the coating.

Detonation coatings obtained from the Fe-C,, powders contained iron carbide Fe;C of hexagonal
modification. During annealing of the coatings in the SPS, FesC transformed into its orthorhombic
modification.

These studies have shown that wide possibilities exist to flexibly control the phase compositions of
metal-carbon detonation coatings.

This work is partially supported by the Russian Foundation for Basic Research, project 15-33-20061
mol_a_ved.

[1] V. Yu. Ulianitsky, D. V. Dudina, I. S. Batraev, A. I. Kovalenko, N.V. Bulina, B. B. Bokhonov.
Detonation spraying of titanium and formation of coatings with spraying atmosphere-dependent phase
composition. Surf. Coat. Technol. 261, 174-180 (2015)

[2] V. Yu. Ulianitsky, D. V. Dudina, I. S. Batraev, D. K. Rybin, N. V. Bulina, A. V. Ukhina, B. B. Bokhonov.
The influence of the in-situ formed and added carbon on the formation of metastable Ni-based phases
during detonation spraying. Mater. Lett. 181, 127-131 (2016).
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H. Katsui', T. Goto®
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Silicon carbide and transition metal based carbides possess a high refractoriness (melting
points > 2500 K), high hardness and corrosion resistance at high temperatures; however, their
low sinterability and toughness limit the application under severe stress. While the solid state
sintering is commonly used to manufacture compacts of these high-temperature non-oxides, a
melt-solidification technique is another route to fabricate fully dense compacts. The high
volatility and sublimation of these non-oxides are problematic to employ melt-solidification
techniques for fabricating monolithic materials. This study demonstrates synthesis of SiC-VB,
and TiC-TiN-TiB, composites via eutectic melt solidification by arc-melting, forming self-
assembled fine and dense microstructures in submicron sizes with coherent crystal orientation
relationships.

SIiC, VB,, TiC, TiN and TiB, powders were used as the starting materials. The powders
were mixed and milled with ZrO, balls with a small amount of ethanol for 4 h in a polyethylene
bottle. The mixed powder slurry was dried at 333 K for 12 h, and pressed into disks. The disks
were arc-melted twice under an N, atmosphere at 80 kPa. Crystal phases were identified by X-
ray diffraction (Cu-Ka, 626, ULTIMA IV, Rigaku, Japan). Microstructures were observed by
scanning electron microscopy (SEM, model S-3100H, Hitachi) and transmission electron
microscopy (TEM, model EM-002B, TOPCON, and JEM-ARM200F, JEOL).

Figure 1 depicts a SEM image of a SiC—VB; eutectic composite (42SiC-58VB,). Elongated
VB, grans with a bright contrast were separated by SiC layers with a dark contrast in several
hundred nanometers, forming anisotropic labyrinth eutectic microstructure. This labyrinth
eutectic comprised single crystal grans of SiC and VB, with the orientation relationship of
SiC(111) /I VB,(1-210) and SiC(110) // VB,(0001). The arc-melted 44TiC—20TiN-36TiB,
formed the quasi-binary eutectic TiB,-TiCxN;x composite. Fig. 2 presents the SEM image of
the 44TiC-20TiN-36TiB, composite. Hexagonal single-crystalline TiCxN1x rods (a bright
contrast) were grown in a single-crystalline TiB, matrix (a dark contrast) with a crystal
orientation relationship of TiB; (11-20) // TiCxN1 (-202) and TiB, [0001] // TiCxN1x [111]. A
long-range ordered structure of Ti-B—C-N was formed at the TiB,/TiCyNy interface by the
intermixing of the coherent interplanar spacings of seven TiB, (0001) and nine TiCxN; (111)
plane

Fig. 1 SEM image of SiC-VB, Fig. 2 Microstructure of 44TiC-20TiN-36TiB, composite. (a) SEM
eutectic composite. image, (b) STEM image at the TiB,/TiCN1 interface.
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The in situ electron microscopic investigations of the formation of eutectic alloys in the
systems: crystalline Si/ Metal particle, amorphous Si/Metal particle (Metal = Au. Ag, Cu)
showed that the formation of eutectics is preceded by metal diffusion into amorphous silicon
with the formation of metastable amorphous metal silicide. Supersaturation and
decomposition of the metastable amorphous metal silicide leads to the evolution of
polycrystal silicon. Morphological characteristics of the liquid eutectic formation in the
systems crystalline (100)Si/ particle Au and crystalline (100)Si/ particle Al are similar to the
well known morphological characteristics of the formation of etch pits in crystals. For the
systems crystalline (100)Si/ particle Au, an oriented formation of the liquid eutectic alloy is
observed. The growth of the eutectic melt during the annealing of the system crystalline
(100)Si/Al particle takes place isotropically. The crystallization of liquid eutectic alloy leads
to topotaxial evolution of gold silicide islands at the interface: crystal eutectics - single crystal
silicon.

In situ investigations of the formation of alloys in the systems: crystalline Si/Nickel
particle, amorphous Si/Nickel particle showed that the sequence of phase formation during
interaction of nickel particles with single crystalline (100) silicon and amorphous silicon
corresponds to the following sequence of stages during the annealing of thin-film systems:

a) Within a temperature range up to 500°C, the first and prevailing phase formed is Ni,Si,

b) Annealing at temperatures above 600°C is accompanied by the formation and epitaxial
growth of the NiSi, phase. The growth of the nickel disilicide crystalline phase is
accompanied by the formation of dislocations both in the nickel disilicide phase and in the
silicon phase.

The interaction of the amorphous silicon film with nickel particles at temperatures above
600°C leads to the crystallization of several silicide phases: NiSiy, NiSi, NizSi,.
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PREPARATION OF NANOPOROUS BASE METALS BY DEALLOYING IN
METALLIC MELT AND THEIR APPLICATION FOR ENERGY RELATED
MATERIALS
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8577, Japan
e-mail: wada-t@imr.tohoku.ac.jp

Nanoporous metals have attracted much attention due to the excellent functional
properties which come from extremely large surface area and unique bicontinuous structure.
Normally, such nanoporous metals were prepared by a selective corrosion of base
component(s) from the multicomponent alloy precursor in an acid or alkaline aqueous
solution, termed dealloying. One can utilize dealloying to prepare nanoporous noble metal but
can’t to obtain nanoporous base metal because it is immediately oxidized by the aqueous
solution. To overcome this problem, we have recently developed an innovative dealloying
method using metallic melt. In our novel method, an alloy precursor is immersed in a metallic
melt and one component is selectively dissolved, while the other component remains and
forms three dimensional nanoporous metals spontaneously. Not like the dealloying in aqueous
solution, which is essentially the oxidization of metals, the dealloying in metallic melt is the
mixing of elements by metal-metal reaction. Thus, independent of oxidation potential of
element, formation of nanoporous metal is possible by dealloying in metallic melt. We have
successfully prepared various nanoporous base metals such as Ti, Zr, Nb, V, Cr, Fe, Si, and C.

These nanoporous base metals exhibit excellent performance as the energy related
materials such as battery. For example, nanoporous Si is potentially useful for Li-ion battery
(LIB). Si is considered as the promising active material of LIB negative electrode, because it
has a theoretical Li capacity of ~4200 mAh/g, about 10 times that of carbon-based electrodes.
However, Si electrodes suffer from volume changes of more than 400% with Li insertion and
extraction. The large volume change caused by Li insertion pulverizes the conductive network
between the active material and the current collector, rapidly degrading the cyclic
performance. Nanoporous Si is expected to improve cyclic performance because the many
open channels in such structures act as ideal volume expansion buffers.

In this presentation, we will introduce the basic of the novel dealloying method in
metallic melt and the application of dealloyed nanoporous base metals as LIB electrode. We
will report that the dealloyed nanoporous Si with the controlled porous structure exhibits
superior LIB performances such as high capacity, improved cycle life time and high rate
characteristics™?.

[1] T. Wada, T. Ichitsubo, K. Yubuta, H. Segawa, H. Yoshida, H. Kato, Nano Lett. 14, 8, 4505-

4510 (2014).
[2] T. Wada, J. Yamada, H. Kato, J. Power Sources 306, 8-16 (2016).
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MATERIALS

Mingwei CHEN
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Historically de-alloying is well known in corrosion science and refers to the selective
dissolution of one or more components out of an alloy. It was received significant attention in
the context of corrosion but has recently been receiving renewed attention because
nanoporous metals can be fabricated by this traditional method. De-alloyed nanoporous
metals represent a new class of functional materials with the unique structural properties of
large surface area, mechanical rigidity, electrical conductivity and high corrosion resistance.
Coupled with their rich surface chemistry for further functionalization, nanoporous metals
have great potential for applications in catalysis, sensing, surface enhanced spectroscopy,
energy storage and conversion, and so on. With advanced electron microscopy, three-
dimensional structure and surface atomic configuration of nanoporous metals have been
realized, which yield quantitative characterization of the key structure parameters involved in
the intricate 3D nanoporous structure. Catalytic and electrocatalytic investigations
demonstrate that nanoporous metals are catalytically active for many important energy- and
environment-related reactions and organic transformations. Nanoporous metals are also
proved to be excellent plasmonic substrates for ultra-sensitive chemical detection and
biomolecular diagnostics. By utilizing the high electric conductivity and large internal
surface, nanoporous metals have also been successfully employed as robust electrodes of
supercapactiors and batteries for energy storage.
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In the last few decades nanostructured carbon materials have been attracting much attention of
many researchers. Single-walled carbon nanotubes (SWCNTSs) are major representatives of that class
of new functional materials. Electron transport properties of free-standing SWCNTs and ones placed
in different types of polymeric matrixes have been studied up to date. Authors describe temperature
dependences of electrical resistances of such films in different ways. One of possible conduction
mechanisms is variable range hopping conduction (VRHC). Alternative one is fluctuation induced
tunnelling conduction (FITC). The latter describes electron transport in disordered systems in which
conduction electrons are delocalized and free to move in conduction particles separated by insulating
gaps over distances much bigger than atomic dimension [1]. It is in contrast to disordered systems
with localized charge carriers with VRHC taking place [2]. Networks of disordered SWCNTSs in
polyethylene terephthalate (PET) matrixes are promised for applications and simple enough to be
formed, and in this work temperature dependences of electrical resistances of such systems are
studied.

SWCNTs were synthesized by catalytic disproportionation of carbon monoxide (CO) on Fe
particles formed by vapour decomposition of ferrocene ((CsHs).Fe). Four samples were deposited in
one synthesis on different silicon substrates with individual deposition times: 5, 10, 60 and 120 min.
The resulted SWCNTs were transferred by pressing onto PET substrates 0.1 mm in thickness at a
temperature of 170°C for 15 min at a pressure of 98 kPa. In that way the nanotubes were placed into
PET matrixes. Temperature dependences of resistances of resulted films were measured from room
temperature down to 77.4 K. The experimental data were fitted by both FITC model and VRHC one.

If FITC takes place resistance behaves as

11
exp[T/(Te+T)], and as exp[To/T¥] if VRHC does, 10 [ 7 ‘b time,min | A mev
where: T; — is regarded as a measure of energy 10° 120 o 65
necessary for electron transition over energy 10° 60 © 42
barriers (between conduction particles); T, —is the s 12 Z 13?5

temperature above which thermal induced &
tunnelling conduction becomes considerable; T, — £
temperature independent coefficient. Coefficient C’nmlo6

of determination R? is somewhat similar for both = 1¢° w
models applied to the experimental data. And as
the dependences obtained are described by both
models equally well within the temperature range 0.002 0_064 0_066 ' o_obg 0.01¢(

and effective activation energies can be evaluated 1(T+T), 1/K
as product of Boltzmann constant kg and T, Fig. 1. Temperature dependences of sheet
applying only FITC model to the experimental resistances of networks of disordered SWCNTs

data is shown in Fig. 1. in PET matrixes for differnet synthesis times.

This work was supported by the Russian Foundation for Basic Research (Grant no. 15-53-45041).

[1] P. Sheng, PRB, 21, no. 6: 2180 (1980).
[2] N.F. Mott and E.A. Davis, Oxford: New York: Clarendod Press, 2nd ed.: (1979).

31



TEMIIEPATYPHBIE 3ABUCHUMOCTHU JIEKTPOCOIIPOTUBJIEHU A
IIVIEHOK OYHT B II?T® MATPUIIAX

B.A. Ky3H6110131’2, AN. POMaHeHKOl, A.C. BepI[I/IHCKI/IﬁZ, SA. EpﬂHHeBl’z, B.E. <I)e/10p0131'3
‘yHX CO PAH, npocnexkm Axademuxa Jlaspenmoesa, 3, Hosocubupck, 630090
2Hosocubupckuii 20cyoapcmeennbiii mexwuueckuil yuusepcumem, npocnekm K. Mapkea, 20,
Hoesocubupck, 630073
*Hosocubupckuii 2ocyoapcmeennbili yuusepcumem, Iupozosa, 2, Hosocubupck, 630090
e-mail: vitalii.a.kuznetsov@gmail.com

[locnenHne HECKONIBKO NECSTUIETUH HAHOCTPYKTYPHPOBAaHHbIE YITIEPOAHbIE MaTepHasbl IpHUBIC-
KalOT BHUMaHHE OOJBIIOro Komn4ecTBa uccienoBarencid. OQHUMH U3 SIPKUX MpeAcTaBUTEIeH JaHHOTO
Kjlacca HOBBIX (DYHKIIMOHAJbHBIX MaTEpPHAJOB SBISIOTCS ONHOCTEHHBIC YINIEPOAHBbIC HAHOTPYOKH
(OYHT). o nHacrosmero BpeMeHH OBLTH H3YYEHBI 3JIEKTPOHHBIE TPAHCIOPTHBIE CBOMCTBAa Kak
otnensHbIX OYHT, Tak 1 OYHT, nomMeneHHbIX B pa3inyHble MOTUMEPHBIC MAaTpUIlbl. TeMepaTypHbie
3aBHCHMOCTH 3JIEKTPOCOIIPOTUBIICHUS TAKUX IUIEHOK aBTOPHI ONMKCHIBAIOT B paMKaX pa3IMYHbIX MOJe-
Jieil MEeXaHU3MOB NMPOBOAMMOCTU. OJJHUM U3 BO3MOXKHBIX MEXaHU3MOB SIBJISIETCS] IIPBIKKOBASI IPOBOAU -
MOCTh ¢ iepeMeHHOU AnuHHOM npbikKa (axen. VRHC). Emé ogun MexaHnu3Mm — TyHHeNbHast IPOBOAM-
MOCTb, 00ycnoBieHHas TermmoBbiMEu (aykryauusmu (auer. FITC). Monmens FITC onwuckiBaeT 3mek-
TPOHHBII TPAHCHOPT B PA3OPHEHTHUPOBAHHBIX CHCTEMAX, B KOTOPBIX AJIEKTPOHBI MPOBOAUMOCTH
JIEJIOKaJIM30BaHbl B MPOBO/SIIMX YaCTUIAX, pa3leieHHbIX OaphepamMu, Ha PacCTOSHHUAX MHOTO 0OJb-
IIMX MEXAaTOMHBIX [1], B OTIMYME OT CUCTEM C JIOKAJIM30BAaHHBIMH HOCUTENSIMHU 3apsa, KaKk B MOJIEIH
VRHC [2]. Maccussl pazynopsnodeHHsix OVHT B Marpumax Ha OCHOBE MONMATHICHTEpedTanara
(II9T®) mpocTsl B MONYyYEeHHH W MEPCHEKTHBHBI JUIsl TPaKTHUECKUX MpUMeHeHuid. B pabore
M3YYaIOTCs TeMIIepaTypHbIEe 3aBUCUMOCTH EKTPUUECKOTO COMTPOTUBIEHUS TAKMX CHCTEM.

OYHT Obumn CcHHTE3WpOBaHBI IMyTEM KATATHTHYECKOTO JHUCIPONOPIIMOHUPOBAHUS OKCHIA
yraepoaa (CO) ma wactunax Fe, momydeHHBIX paszinokeHueM mapoB ¢epporiena ((CsHs).Fe). OYHT
OCaXJIaIMCh HAa KPEMHHUEBBIE MOJUIOKKH B OJJHOM CHHTE3€ B TeU€HHE MPOMEXYTKOB BpemeHu: 5, 10, 60
u 120 mun. [Homyuennpie OYHT nomemanuce B marpurnpl [I9T® (mommoxkkn TommuaOoi 0,1 MM)
nyTeM BrpeccoBbiBaHusi moj napnenveM 98 xlla mpu 170°C B Teuenue 15 muH. TemmeparypHbie
3aBHCUMOCTH COIPOTHBJICHUS OBLIM HW3MEPEHbI OT KOMHATHOW Temneparypel g0 77,4 K.
OKcHepuMEHTAIbHBIE TaHHbIe ObUIH ampokcuMupoBanbl 00enmu Mozensmu — FITC u VRHC.

B cinyuae mogenu FITC comporuBiienue Bener ceds 10" — —
1/4 synth. time, min A meV

kak exp[T/(Ts+T)], B cmyuae VRHC exp[To/T ], tme: Ty 10"t 120 o 65
— Mepa DJHEpPrud, HEOOXOAWMOHN Ui TPEOJOJICHUS 10°k 60 © 42
SMEKTPOHOM Gapbepa Mexty poBoasIMME dacTamu; Ts o8} DD
— TeMIIEpaTypa, BEIIIE KOTOPOil TyHHETHPOBaHHE, 00yc- £ |71
JIOBJICHHOE TETIOBBIMH (DIIyKTYyalMsMH, CTAHOBUTCS CY- 5 10k
HIECTBEHHBIM; T — TeMIIEpaTypHO HE3aBHCHUMBIH KOd(]- o 10°h w
¢urment. O6e MoeTH OMUCHIBAIOT MOMYYCHHBIC 3aBH- oL
CHMOCTH OJIMHAKOBO XOPOIIO M JIAIOT CXOXKHH Kod(pu- ‘ T
IMEHT jieTepMuHaIi R% H, TOCKONBKY d((heKTHBHbIE 0.002  0.004  0.006  0.008  0.010

1(T+T), 1/K

Puc. 1. TemmnepaTypHble 3aBUCUMOCTH
[TOBEPXHOCTHTOTO CONPOTHBIICHHS MAaCCHBOB
MOKAa3aHbI alMpOKCHUMAIIMH TOJILKO Mojenbto FITC. pazopuentuposanusix OVHT B [IDT®
MaTpHLAaXx JUIsl pa3HbIX BPEMEH CHHTE3A.

Paboma svinonnena npu noooepowcke PODPHU (I panm Ne 15-53-45041).

SHEPrUM aKTHBALIUK MOTYT OBITh OIICHEHBI KaK MPOM3BE-
nenuss mocrosHHou bBonbigvana kg u Ty, Ha puc. 1

[1] P. Sheng, PRB, 21, no. 6: 2180 (1980).
[2] N.F. Mott and E.A. Davis, Oxford: New York: Clarendod Press, 2nd ed.: (1979).
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Modern research has aim to create composite materials that allow combining the different
properties of the initial components. Metal disulfide (MoS; and TiS;), and graphite are two-
dimensional layered materials with covalent bonds between atoms in the layer and van der
Waals interactions between the layers. These compounds have a high resistance to
temperature and pressure. The hybrid structures of MS; layers and graphite have properties
different from the properties of the individual components. In particular, the hybrids based on
metal sulfides may exhibit unusual electronic properties due to the contact of the
semiconductor with carbon having a metallic conductivity. According to the literature in the
theory MoS; and TiS, may have a high specific capacity [1]. However, there is a problem of
chemical degradation of metal disulfides during the lithium intercalation [1,2], which can be
solved by introducing of supporting carbon component. It is expected, that multilayered
graphene will increase the mechanical stability of the resulting composite in the intercalation
process and perhaps will result in a higher capacity of the composite in comparison with those
of individual components. MS; interaction with the surface of the carbon can provide a high
stability during lithium ions intercalation into the interlayer space of MS, using the MS,/C as
anode material in lithium-ion batteries. Enhanced temperature and pressure in the synthesis
process should provide a strong bonding between components of the composite, and thus
increase the working performance of the electrode.

In this work we used ammonium thiomolybdate, trisulfide of titanium, detonation
nanodiamonds (ND) and perforated graphite (PG) as starting materials for the synthesis of
composite materials. Perforated graphite was synthesized by partial reduction of graphite
oxide in a large amount of sulfuric acid at 280°C for an hour. Titanium trisulfide (TiS3) was
synthesized by the ampoule method [3]. Stoichiometric mixture of titanium powders and
sulfur was placed in a quartz ampule, the ampule was evacuated and heated at ~ 450°C during
several weeks. Thiomolybdate was decomposed in admixture with nanodiamonds or
perforated graphite in an acidic medium. The PG and TiS3 was mixed using a small amount
of alcohol. The mixture (MoS3s/PG, MoS3/ND or TiSs/ PG) was heated under vacuum at 500
atm. During thermobaric synthesis metal trisulfides are decomposed by the reaction: MS; —
MS; + S 1. The synthesis product was investigated by X-ray diffraction techniques, Raman
spectroscopy, SEM and XPS.

The work was conducted with the financial support from the Russian Science Foundation
(Grant 16-13-00016).

[1] Choi, J.W., Aurbach, D. Promise and reality of post-lithium-ion batteries with high energy
densities. Nat. Rev. Mater. 2016. Vol. 1, Ne 4. P. 1-16.

[2] Rui, X., Tan, H., Yan, Q. Nanostructured metal sulfides for energy storage. Nanoscale. 2014. Vol.
6, Ne 17. P. 9889-9924.

[3] McTaggart, F.K., Wadsley, A.D. The sulphides, selenides, and tellurides of titanium, zirconium,
hafnium, and thorium. Preparation and characterization. Australian J. of Chemistry. 1958. Vol. 11,
Neq. P.445-457.
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In the last few years, wide attention is being payed to preparation of nanosized low-
dimensional inorganic materials, e.g. graphene-based materials, hexagonal boron nitride
nanosheets and 1D and 2D nanomaterials based on transition metal chalcogenides. In
particular, wide family of low-dimensional transition metal chalcogenides, namely
dichalcogenides (MoS,, MoSe;, WS,, etc.) [1], trichalcogenides (NbSs;, TaSs) [2] and
tetrachalcogenides (VS,) [3], are attracting wide attention due to their improved electronic,
optical, catalytic properties, etc. The most applicable and cost-effective method to produce
nanosized 1D or 2D metal chalcogenides is liquid phase exfoliation of bulk samples [4].
Decorating the surface of such nanomaterials with noble metal nanoparticles is an effective
way to functionalize the material and to bring new and enhanced properties for many areas
such as energy storage, catalysis and surface enhanced : ~
Raman spectroscopy devices. Composites based on
transition metal chalcogenides can be prepared by so-called
in situ process where the nanoparticle deposition occurs in
the presence of the dispersed matrix.

The work aims at preparing nanomaterials based on
transition metal dichalcogenides, trichalcogenides and
vanadium tetrasulfide and designing composites with noble
metal nanoparticles (Ag, Au, Pt, Pd) by using the in situ
approach. The composites obtained were investigated by
modern methods, namely X-ray diffraction, high-resolution :
transmission electron microscopy and X-ray photoelectron . s N
spectroscopy. Average sizes of noble metal nanoparticles
were shown to be from 2 to 30 nm depending on the
system investigated.

This work was supported by Russian Foundation for
Basic Research (Project 15-53-45041).

[1] C. Tana, H. Zhang, Chem. Soc. Rev.,. vol. 44, 2713 (2015)

[2] V. E. Fedorov, S. B. Artemkina, E. D. Grayfer, etc., J. Mater. Chem. C, vol. 2, 5479 (2014)
[3] M. N. Kozlova, Yu. V. Mironov, E. D. Grayfer, etc., Chem. Eur. J., vol. 21 (12), 4639
(2015)

[4] V. Nicolosi, M. Chhowalla, M. G. Kanatzidis, etc., Science, vol. 340, Ne6139 (2013)

34



KOMITO3UTbI HA OCHOBE HU3KOPASMEPHBIX XAJIBKOI'EHH/1IOB
HEPEXOJIHbBIX METAJIJIOB C HAHOYACTULHAMMA BJIATI'OPOJHBIX
METAJIJIOB

Kosmnosa Mapust H.%, [Tonrapax IlaBen N ®enopos Brnagumup E.1?
! Hncmumym neopeanuuecxoti xumuu um. A.B. Hukonaesa, np-m. akao. Jlaspenmoesa, 3,
Hosocubupck, 630090
2 Hosocubupcxuii I'ocyoapcmeennwiii Ynusepcumem, yi. Iupoeosa, 2, Hogocubupck, 630090
e-mail: kozlova@niic.nsc.ru

B mocienHue HECKONBKO JIET OOMIMPHOE BHUMAHUE YAETSAETCS  IOIYYEHUIO
HAHOCTPYKTYPUPOBAHHBIX HHU3KOPa3MEPHBIX HEOPraHMYEeCKHMX MaTepuajoB, TaKHUX Kak
Marepuayibl Ha OCHOBE rpad)eHa, HAHOJIMCTOB IeKCaroHaJbHOTO HHUTpuaa 6opa u 1D u 2D
XaJIbKOTCHUOB TIEPEXOAHBIX METauIOB. B 4YacTHOCTH, HHU3KOpa3MEpHbIE XaJbKOT€HUIbI
MEePEXOHBIX METAUIOB, a WMEHHO auxajabkoreHuasl (MoS;, MoSe;, WS, u T.a.) [1],
tpuxanbkorenuasl  (NbS;, TaSz) [2] um Tterpaxambkorenuasl (VSy) [3], npuBiekaroT
3HAYMUTEIFHOC BHUMaHHWE OJarojapsi WX YIy4YHICEHHBIM DJCKTPOHHBIM, ONTHYECKHM,
KaTAIUTUYECKUM U Jp. cBoiicTBaMm. HauOonee mnoaxoasmuM U SKOHOMHUYHBIM METOAOM
nojgyyeHus: HaHopasMmepHbix 1D u 2D XanpkoreHuJ0B METauIOB  SBISETCS METOL
KUAKO(DA3HOTO PACHICTUICHHUS MACCHUBHBIX 00pasmoB  [4]. " ’
JlexopupoBaHUE TIOBEPXHOCTH TaKUX HAHOMATepUAIOB C
IIOMOIIIbI0 HAaHOYACTUIL OJAaropo/HbIX METAJUIOB MPEICTABIISET
co0oi 3 PeKTUBHBIN crtocod (yHKIMOHATN3AIMH MaTepHrala 1
MPUBHECEHUS] HOBBIX W YCHJIEHHBIX CBOICTB BO MHOTHE
oOnactu, HampuMmep, XpaHEHHE DJHEpPruH, Karajius3, U
MOBEPXHOCTHO-YCHJICHHAsI CIIEKTPOCKOMHUSI KOMOWHAIIHOHHOTO
paccesHusi. KoMMO3uTBI Takoro THIA MOXHO IMOJYYUTh C
MOMOIIBI0 TaK Ha3bIBaeMOTro iN Situ mporiecca, MPU KOTOPOM
OCaXJIEHUE  HAHOYACTUIl IPOUCXOIUT B  MPUCYTCTBUU LN R
JUCTIEPCUN MaTpPULIBI. ' o

Henbto naHHON pabOTHI OBLIO IMOJYYUTH KOMIIO3UTHI Ha :
OCHOBE [H-, TPH- M TETPAXAIbKOTCHHUJOB IIEPEXOIHBIX
METaJJIOB M HaHOYacTUI[ OmaroponHbix MetamioB (Ag, Au, Pt,
Pd) wucnone3ys in situ momxon. IlomydeHHBIE KOMITO3HTBI
u3ydaiun HaOOpPOM COBPEMEHHBIX METO/IOB, a MUMEHHO POA,
BPIIOM n P®OC. bbuio moka3aHo, 4TO CpEIHHE pa3Mepbl
HaHOYacTUI[ cocTaBuiad OT 2 A0 30 HM B 3aBUCHMOCTH OT
HCCIIEyEMON CUCTEMBI.

) y

Paboma 6vina noooepacana Poccuvickum Donoom Dynoamenmanvuuvix Hccredosanuii
(npoexm 15-53-45041)
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Chemistry of octahedral metal cluster complexes with general formula [{MsQs}Ls] (M —
rhenium or molybdenum, Q — inner chalcogenide or halogen ligands, L — terminal organic or
inorganic ligands) is rapidly developing due to their superb physicochemical properties such
as luminescence or radiocontrast. Combination of these properties may be used in medical
applications as agents for computed tomography, photodynamic therapy or in biology as
agents for bioimaging. However, most of the known water-soluble rhenium cluster complexes
show high toxicity [1], while the majority of molybdenum cluster complexes do not even
stable in aqueous solutions at physiological pH [2]. Thus to improve the water stability and
decrease toxicity of the clusters, they can be either coated by high hydrophilic biocompatible
molecules or immobilized in water soluble/dispersible biocompatible nontoxic matrix. This
work was aimed at study the interaction of clusters complexes with organic oxo-polymers
such as polyethylene oxide or dextran and investigation of materials obtained.

First we start to study the reactions of clusters with oxo-polymers under different
conditions. For example, saturation of oxo-polymers by molybdenum cluster complexes were
carried out in acetone solutions while by rhenium cluster were carried out in water. Such
reactions can lead to the two types of interaction between cluster complexes and organic-
matrix, namely hydrogen bonds with formation of supramolecular adducts or covalent
interactions with formation of conjugates. Formation of adducts is most preferably for
rhenium complexes due to their immobile ligands (CN, P(CH,CH,COO)3). However for
rhenium complexes with labile SO3- and OH-ligands it is possibly to form both conjugates
and adducts. Molybdenum complexes have labile terminal ligands (NO3) and in this case
formation of conjugate in preferably. All obtained materials were characterized by a number
of physicochemical methods.

Also we studied the cytotoxicity and intracellular localization in vitro of
conjugates/adducts of octahedral metal cluster complexes [{M¢Qs}Le]" (M =Re, Q =S, Se; L
= SO3, OH, P(CH,CH,CO0O0)3, CN; M = Mo, Q = Cl, Br, I, L = NO3) with polyethylene oxide
Mv = 4000 (peg4) and 40000 (peg40) Da, dextran Mv = 70000 (dex70) Da and their oxidized
forms (peg4.ox, peg40.0x, dex70.4% and dex70.30%). Generally, it was found that a decrease
of the toxicity took place.

This work was supported by the Russian Science Foundation (Grant 15-15-10006).
[1] T.N. Pozmogova, A.A. Krasilnikova, A.A. Ivanoy, etc., Bull. Exp. Biol. Med., 161, Ne

1, 64 (2016).
[2] K. Kirakci, P. Kubat, M. Kucerakova, etc., Inorg. Chim,. Acta, 441, 42 (2016).
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XUMHS OKTadIPUYCCKUX METAIOKIACTEPHBIX KOMIUIEKCOB ¢ obuieit ¢opmymnoit [{MeQs}ls] (M —
peHuit win MonmuoeH, Q — BHyTpPEHHHE XaTbKOTCHUIHBIC WITH FAIOTCHUIHBIC TUTAaH IbI, L — TepMUHATTbHEIC
OpraHMYECKUE WIIM HEOPTaHWYECKHUE JIMTaHJbI) OBICTPO pa3BUBAETCs Onmaromaps WX (U3HKO-XHMHYECKUM
CBOWCTBaM, TaKUM KaK JIFOMHHECICHITUS U PEHTTEHOKOHTPACTHOCTh. KOMOMHAIMS STHX CBOWCTB MOXET
HAWTH TNpPUMEHEHHWE B MEIWIMHE B Ka4eCTBE AarcHTOB JUIsI  KOMIIBIOTEPHOW  TOMOrpaduw,
(oroprHaMuYeckold TepanmMd W B OWOJOTMHM B KayeCTBE AareHToB M OwoBm3yanmsanuu. OgHAKO,
OOJIBIIMHCTBO W3 W3BECTHBIX BOJOPACTBOPUMBIX KJIACTEPHBIX KOMIUICKCOB PEHHS HMMEIOT BBICOKYIO
TOKCHYHOCTH [1], B TO BpeMs Kak OOJBIIMHCTBO KIACTEPHBIX KOMILICKCOB MOJHMOICHA HE CTaOWJIBHBI B
BOJHBIX pacTBopax npu pusuosorndeckom pH [2]. Takum 06pa3om, IUIsl yaydIlIeHHsT CTaOUIBHOCTH B BOZC
U YMEHBIICHUS TOKCHYHOCTH KJIACTEPHBIX KOMIUIEKCOB UX MOXKHO JIHOO MOKPBITH BBICOKOTHAPO(PHUIBHBIMU
OMOCOBMECTUMBIMH ~ MOJIEKYIaMH WM  MUMMOOWIN3UPOBATh B BOJIOPACTBOPUMYIO/IHCIIEPCHYIO
OMOCOBMECTUMYIO HETOKCHYHYIO MaTpully. Llempio 3ot paboTel OBIIO M3YYHTH B3aHMMOICHUCTBHE MEXKIY
KJIACTECPHBIMH KOMIDIEKCAMH M OPTaHMYECKHMHU OKCOMOIUMEPaMH, TAKMMHU KaK MOJUITUIICHIIIMKOIb WU
JEKCTpaH, U HCCIIeJOBaTh NOMyYeHHbIE MaTepUaIbI.

[ Hawana ObUIM M3yYCHBI PEAKIMU KIACTEPHBIX KOMIUIEKCOB C OKCOIOIMMEPAMHE IIPH Pa3IUIHBIX
ycioBuax. Hampumep, npomiTKy OKCONMOJIMMEPOB KIIACTEPHBIMU KOMIUIEKCAMH MOJHMOJEHA TPOBOAMIN B
pacTBOpe aleToHa, B TO BpeMs KaK JUIs PEHUEBBIX KIaCTEPHBIX KOMILUIEKCOB PEAKLIMIO TIPOBOIMIN B BOJIE.
Takue peakuy MOTYT MPUBOIUTH K ABYM THIIAM B3aUMOACHCTBHI MEXIYy KIACTEPHBIMH KOMIUIEKCAMH U
OpPraHUYCKOW MaTpUICH, a MMEHHO K BOJOPOIHBIM CBSI3sIM C (OPMHUPOBAHHUEM CYIPAMOJICKYISPHBIX
AJITYKTOB MJIM K KOBAJICHTHBIM CBS35IM C 00Opa3oBaHHeM KOHbIoratoB. @opMupoBaHue aiayKToB Hauboee
OPENIOYTUTETBHO IS PEHHUEBBIX KIACTEPHBIX KOMIUIEKCOB CBS3UM ¢ HenadmibHOCThIO nurannaoB (CN,
P(CH,CH,COOQ)3). Omnako Juis pPEHHEBBIX KIACTEPHBIX KOMIUIEKCOB ¢ jabunbHbiMu  SOs- u
OH-nurangamMu Bo3MOXKHO ()OPMHUPOBAHHE KaK KOHBIOTATOB, TaK M aJAyKTOB. KiacTepHbie KOMILIEKCHI
MOJTUOZICHA, KOTOPhIE HMEIOT JIa0miIbHbIe TepMUHAIBHBIC JUTaHABl (NO3), GopMUPYIOT MPenmoYTUTEIBHO
KOHBIOTaThl. Bee monmyueHHbIe MaTepualibl ObLUTH 0XapaKTEPU30BaAHBI PAIOM (HU3UKO-XUMUICSCKUX METOIOB.

Takoke MBI HW3YYWIH  [MTOTOKCHYHOCTh M  BHYTPEKJICTOYHYIO JIOKATH3AIMIO iN  Vitro
KOHBIOTaTOB/aJTyKTOB OKTadNPUUECKUX  METAUIOKIACTEPHBIX  KOMIUICKCOB [{MeQg}Le]"
(M =Re, Q =S, Se; L = SO;, OH, P(CH,CH,COO)3, CN; M = Mo, Q = Cl, Br, I, L = NO3) ¢
nommatiwienrakoiaeM (M = 4000 (peg4) u 40000 (peg40) a), nexcrpanom (M = 70000 (dex70)) u ux
okucieHHsiME Gopmamu (pegd.ox, pegd0.0x, dex70.4% u dex70.30%). B uenom OGbUTO YCTAHOBICHO, YTO
TOKCHYHOCTh YMEHBIIIACTCSI.

Paboma 6vina noodepocana Poccutickum nayunvim goroom (I panm 15-15-10006)
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Terahertz (THz) radiation is an electromagnetic radiation with frequencies from 0,1 to 10
THz. This range is promising for different branches of science, including biology, medicine,
materials science and diagnostics of semiconductor materials and structures. Nowadays the
problem of finding new materials to control the broadband THz radiation is topical. In
particular there is an active investigation of THz properties of nonlinear optical materials
previously used in the optical range. In this paper ferroelectric lead germanate (PbsGe30O13),
which is experiencing a strong change in optical properties upon reaching the phase transition
temperature of 177 [1C, is studied as a material.
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Fig.1. The dependence of the absorption coefficientof  Fig. 2. The dependence of the absorption coefficient of
the frequency of the crystal lead germanate. The vector  the frequency of the crystal lead germanate. The vector
polarization of THz radiation is parallel to the optical polarization of THz radiation is perpendicular to the

optical axis of the crystal.

In this paper the optical properties of lead germanate crystals at temperatures from
ambient to 300 ° C in the frequency range from 0.1 to 1.2 THz with a spectral resolution of 20
GHz were first determined. It is shown that at a temperature near the phase transition ratio of
bandwidth to different axes is more than 10*, from which we can conclude about the prospects
of the use of lead germanate crystals as THz polarizers and filters [1][2].

[1] B. A. Asueirua, M. 0. Bnacos, A. A. Mawmpames, H. A. Huxomaes, O. W.
[Torarypkun. TeparepioBbie CBOMCTBa repMaHara CBHHIIA B o0nactu (pasoBoro mepexoxaa //
MexnayHnaponnasi koHbepeH1us 1mo GoToHuke u nHGopmannonHoi onrtuke. HUAY MUOU. -
Mockga, 2016. — C. 31-32.

[2] M. Yu. Vlasov et al. Optical properties of lead germanate Pb5Ge3011 in terahertz
range // IOP Publ. Vol. 737, Ne 1.
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TeparepuoBsiM (TI'11) H3IydeHHEM Ha3bIBA€TCS AJIEKTPOMArHUTHOE H3IYYEHHE C
yactotoi oT 0,1 mo 10 TI'n, gaHHbIN TUana3oH NEPCIEKTUBEH U1 PAa3JIMYHBIX OTpaciell HayKH,
B TOM 4YHCJI€ OMOJIOTUM, MEAUIIMHBI, MAaTEPUAIOBEICHUS, JUATHOCTUKH MOJIYITPOBOHUKOBBIX
MaTepualioB U CTPYKTYp. B Hacrosiee Bpemsi sBIsS€TCS aKTyalbHOM 3ajaua MOMCKAa HOBBIX
MaTepUaJIOB JUIsl YNPaBJICHUS MHUPOKONOJOCHbIM TI'n wu3nydenuem. B yactHOoCTH, HAET
aKTUBHOE HccienoBaHue Tl CBOWCTB HENMHEMHO-ONTUYECKMX MAaTE€pPUAOB IMPUMEHIEMBIX
paHee B ONTHYECKOM JuanazoHe. B nanHoi paboTe B KauecTBE TaKOro Marepuaia HCClie0BaH
CErHeTodIeKTpUK TrepManar cBuHIA (PbsGesOi11), KOTOPHIN HMCHBITHIBAET CHUIBHOE HW3MEHEHUE
ONTHYECKUX CBOWCTB MPHU JOCTIKEHUM TeMIeparypbl (asoBoro mepexoma 177 rtpamycos
Ienscus.
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Puc.1. 3aBucumocTs K09 puIMEHTA TIOTIOUEHHS OT Puc. 2. 3aBucumocTb K03 PUIHEHTa HOTIIOMECHHS
4acTOTHI KPHCTAJlIa repMaHaTa CBHHLA. Bektop OT YacTOThI KPUCTAILIA FepMaHaTa
nossipu3anun TI u3iTydeHus napajuieIeH ONTHYeCKOn cBuHIA. Bextop nonspusauuu Tl usnydenus
OCH KpHUCTAILIA. OPTOrOHAJIEH ONMTHYECKON OCH KpUCTAILIA.

B  pabotre BmepBble  HCCIEIOBaHbl ~ ONTUYECKHWE  CBOMCTBA  KPHUCTAJUIOB
repMaHara CBHHIIA Mpu Temnepatypax oT komHaTtHOM 10 300 °C B amamazone yactot ot 0,1 110
1,2 Tl'n co cnektpanbubiM pazpemenuem 20 [T, Tlokazano, uTo mpu Temmeparype BOJIHM3U
TOYKHM (Pa30BOro IMepexojia OTHOIICHHWE MPOMyCKaHHUs 00pa3lioB MO Pa3HBIM OCSIM COCTaBJISET
6omee 10%, M3 Wero MOXHO CHeNTaTh BBIBOJ O MEPCIEKTHBHOCTH HCMONB30BAHHS KPHCTAILIOB
repMaHaTa CBHHIIA B KaUe€CTBE TeparepLoBbIX NOIspU3aTOpoB U puibTpoB [1][2].

[1] B. J. Auusirun, M. FO. BnacoB, A. A. Mawmpames, H. A. Hukonaes, O. U.
[Totarypkun. TeparepiioBble CBOICTBa repMaHaTa CBHMHIIA B oOiactu ¢azoBoro mepexona //
Mexnynapoanas koHdepeHus no ¢otonuke u uHbopmarmonHon onrtuke. HUAY MUDU. -
Mocksa, 2016. — C. 31-32.

[2] M.Yu. Vlasov et al. Optical properties of lead germanate Pb5Ge3011 in terahertz
range // IOP Publ. Vol. 737, Ne 1.
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ON TRANSITION METAL CHALCOGENIDES

G. E. Yakovleva', A.l. Romanenko®, A. S. Berdinsky?, A. Yu. Ledneva® and V. E. Fedorov*?
Nicolaev institute of inorganic chemistry SB RAS, Lavrent'ev Ave. 3, Novosibirsk, 630090
Novosibirsk state technical university, K. Marksa Pr. 20, Novosibirsk, 630073
*Novosibirsk State University, Pirogova Str. 2, Novosibirsk, 630090
e-mail: galina.yakovleva.91@mail.ru

The interest in the field of thermoelectricity is due to need for more efficient thermoelectric
materials for power generation and electronic refrigeration. The main problem is to obtain the
high-performance thermoelectric materials [1]. The efficiency of thermoelectric materials is
characterized by dimensionless figure of merit ZT. According to this parameter, the high-
performance thermoelectric materials have to possess high electrical conductivity, high Seebeck
coefficient and low thermal conductivity.

The perspective thermoelectric materials at high temperature range are the transition metal
chalcogenides, in particular WSe;,. The electrical conductivity of WSe; is too low to provide the
high ZT. It is the aim of this work to increase electrical conductivity by means of replacement
W on Nb. This approach allows us to optimize the thermoelectric properties by Nb
concentration.

The main results of this work are presented on the Fig. The addition of Nb atoms has lead to
increase in electrical conductivity and decrease in Seebeck coefficient. The addition of 0.5% Nb
has changed the behavior of temperature dependence of Seebeck coefficient. The inverse
relationship between Seebeck coefficient and temperature has been observed in the temperature
range 77 - 230 K. Such behavior is typical for semiconductors. The linear temperature
dependence of Seebek coefficient has been observed in the range of 230 - 300 K. Such behavior
is typical for metals. Other samples have had metallic behavior of temperature dependences of
Seebeck coefficient. In this way, the best value of PF has had Wy gsNbg 02Se; sample. This value
has been equal to 2.7-10 W/mK? at room temperature.
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Fig. The temperature dependences of electrical conductivity and Seebeck coefficient of W, ,Nb,Se,
samples.

This work was supported by the Russian Science Foundation (Grant 14-13-00674).

[1] Jong-Young Kim, Soon Mok Cho, etc., Korean Chem. Soc,vol.3, pp.3225-3227 (2010)
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ONTUMM3AIIUSA TEPMODSJEKTPUYECKHUX CBOMCTB MATEPAAJIOB HA
OCHOBE XAJIBKOI'EHHUJ1OB ITEPEXO/IHBIX METAJIJIOB
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WNutepec k Takoi oOJacTH HCCIENOBAaHUI, KaK TEPMORJIEKTPUYECTBO, OOYCIOBJIECH
HEOOXOAMMOCThI0  0o0jiee  BBICOKOI((EKTUBHBIX ~TEPMODJICKTPHUECKUX MaTEpPUAIOB  JUIs
TeHepaLUH MIEKTPOIHEPTUHU U crcTeM oxyaxaeHus [1]. DddekTuBHOCTh TePMOITEKTPUIECKIX
MarepuasoB Xapakrepusyercs O6e3pazMepHbIM napameTpoM aoopotrHocty ZT. CoriacHo 3ToMYy
napameTpy, BEICOKOA(P(HEKTUBHBIN TEPMOIIEKTPUIESCKAN MaTepuall JOIDKEH 001aaaTh BBICOKOH
AIIEKTPOTPOBOTHOCTb, BEICOKUM K03 duimenTom 3ecOeka 1 HU3KOH TEIIONPOBOAHOCTBIO.

[lepcrieKTUBHBIMU TEPMOAIIEKTPUUECKUMH MaTepuaiaMy B 00JIACTH BBICOKHX TEMIIEPaTyp
SIBJISIFOTCSI XaJIbKOTCHHU/IBI TIEPEXOIHBIX METALIOB, 8 UMeHHO WSe,. DnekrponpoBogHocTh WSe,
mana. [losToMy mens maHHON pabOTBHI COCTOsIA B YBEIMYECHUH SIIEKTPOIPOBOAHOCTH ITyTEM
3amerienusi aromoB W Ha Nb. Takoil moaxoa moMoXXeT ONTUMHU3UPOBATh TEPMOAIEKTPUUECKUE
CBOMCTBA ITyTeM U3MEHEHUS KOHIIeHTparmu Nb.

OcHOBHBIE pe3yibTarbl JaHHOM palOoThl mpeacrasiaeHbl Ha Puc. JloOaBnenue aromoB Nb
NPUBEIO K YBEIUYEHHUIO OHIEKTPONPOBOJAHOCTH U yMEHbIIeHHEe Koddduimenra 3eedeka.
JHob6asnenue 0.5% NDb u3meHus0 moBeneHue TeMmeparypHOl 3aBHCHMOCTH KOd(pQHUIHEeHTa
3eebeka. OOpaTHO MPONOPIMOHAILHAS TEMITepaTypHasi 3aBUCHMOCTh Kod(hduimenta 3ecOeka
HaOmronanach B TeMreparypHom auanazone 77 - 230 K. Takas 3aBUCUMOCTb XapakTepHa s
HOJYNIPOBOJAHUKOB.  JIMHelHast TemmeparypHas 3aBHCUMOCTh Kod(duumenra 3eebOexa
HabOmonanace B Temreparypaom auamasone 230 — 300 K. Takoe moBeneHne xapakTepHO IS
metauioB. OcrambHbie  o0pasiel Wi xNDbySe, mpogeMoHcTpupoBann — MeTalIHn4ecKyro
TEMIIepaTypHYI0 3aBUCUMOCTb Koa(pduirenta 3eedeka. Takum 00pa3oM, HauTydllee 3Ha9YeHNe
PF=2.7-10" W/m-K? umeer obpaser Wy gsNbo 0,S€, ipu KoMHaTHO# Temreparype.
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Paboma 6vina svinonnena npu noooepcke Poccutickoeo nayunozo ¢ownoa (I panm Nel4-
13-00674).
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CARBON ELECTRODE MATERIALS FOR SUPERCAPACITORS
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Electrochemical double-layer capacitors have tremendous potential as high-energy and
high-power sources for using in the low weight hybrid systems. Commercial applications for
such devices include uninterruptible power applications, telecommunications, and public
transportation. Electrochemical double layer capacitors, commonly called “supercapacitors”, are
intermediate systems that bridge the power/energy gap between traditional dielectric capacitors
(high power) and batteries (high energy). Carbon-based supercapacitors have been largely
investigated because of their low-cost, high cycle life and high capacitance.

Phenol-formaldehyde based resins have shown to be excellent precursors for the soft-
template synthesis of ordered mesoporous phenolic resins and carbons [1]. New microporous
and mesoporous carbon electrode materials have been synthesized by carbonization and
activation derived from phenol-formaldehyde or resorcin-formaldehyde resins, in which
potassium hydroxide acts as both the catalyst of polymerization and the chemical activation
reagent [2]. The obtained carbons were characterized by a specific surface area of 1000-2000
m?/g. Electrochemical properties of new microporous and mesoporous carbon electrode
materials were investigated in cells with electrolytes of various type (1M H,SO,4, 1 M Li,SOy4, 6
M KOH, 1M LIiCIO, in acetonitrile, 1M LIiCIO, in EC:DMC=1:2 ). The materials were
modified by treatment in acids (H,SO4, HNO3) and mixture of K,CO3; and Na,CO3 followed by
heat treatment. In this work, electrochemical properties of new microporous and mesoporous
carbon electrode materials were studied. The aim of the work was to investigate the relationship
between the specific capacitance, specific surface area, surface modification and the type of the
electrolyte in which capacitance was measured. The porous carbon materials under study show
high performance as potential electrode materials for supercapacitors possessing the optimized
capacitance of 330 F/g in organic electrolyte with high capacitive retention.

[1] I. Muylaert, A. Verberckmoes, J. De Decker, P. Van Der Voort. Advances in Colloid and

Interface Science. 175, 39-51 (2012).
[2] Z. Zheng, Q.Gao, J. Power Sources 196, 1615-1619 (2011).
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EFFECT OF CARBON AND SILICON DOPING ON ELECTRICAL PROPERTY OF SiC
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Introduction Silicon carbide (SiC) has been widely used as a ceramic heater. The resistivity control at
high temperature is very important for an electrical system design. A various kind of elements and
compounds were successfully used as sintering additives to enhance the densification of SiC.
However, the effect of some doping on the electrical property of SiC was not well understood.
Therefore, the purpose of this study is to clarify the effect of carbon and silicon doping on the
electrical properties of SiC at high temperature.

Experimental SiC, C, and Si powders were used as starting materials. The C and Si amount of 1-5
mol% were doped into SiC by mixing in ethanol using ball mill. The powder mixture was sintered
using SPS in a vacuum with a 5 min holding time and under 50 MPa. For undoped SiC, the sintering
temperature was varied from 1750 to 2100°C, while the powder mixtures were sintered at 2100°C.
The density of sintered sample was calculated from mass and volume. Phase composition was
identified by XRD. The microstructure was observed by SEM. The Seebeck coefficient was analyzed
by ZEM. The electrical conductivity was measured via four probe method from room temperature to
850°C.

Results and Discussion The relative density of undoped SiC was increased from 67 to 74% with the
increasing of sintering temperature. The conduction of undoped SiC was identified to be n-type as
investigated by Seebeck coefficient. The C- and Si-doped SiC was also densified by adding dopants;
however, the density was slightly increased between 73 and 79% with the increasing of the additive
amount. In all sintered samples, the crystal structure was mainly identified as 6H-SiC. Fig. 1 shows the
electrical conductivity from room temperature to 850°C. The electrical conductivities of undoped
samples are shown in Fig. 1 (a), and the higher sintering temperature resulted in the lower electrical
conductivity. Figure 1 (b) and (c) show electrical conductivities of Si- and C-doped samples,
respectively. The electrical conductivity was improved by adding dopant. The effect of the additive
amount was more remarkable in C-doped SiC compared to that of Si-doped SiC. The highest electrical
conductivity was achieved from 3 and 5 mol% C-doped SiC, while there was almost no temperature
dependence of the electrical conductivity observed in these samples. It is suggested that the
degenerated semiconductor property became pronounced by adding excess C.

(a) undoped SiC (b) Si-doped SiC (c) C-doped SiC
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Fig. 1 Electrical conductivity of (a) undoped SiC (b) Si-doped SiC and C-doped SiC.
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Diamond has a number of unique properties such as high hardness, wear resistance and
thermal conductivity, but it is difficult to obtain compacts from diamond crystals without any
binder. Diamond-copper composites have attracted a lot of attention in recent years as
promising heat sink materials. The difficulty of obtaining such composites originates from a
low affinity of copper to carbon. As a result, the thermal conductivity of copper-diamond
composites can be lower than that of pure copper. To solve this problem, metallic coatings on
the surface of diamond crystals are often used to increase the wettability of the particles by
the copper matrix.

In the present study, tungsten-containing and nickel-containing coatings on diamond
crystals were obtained by chemical vapor deposition (CVD) using tungsten carbonyl and
nickelocene as precursors. Ni-containing coatings were obtained using rotary CVD. The main
characteristic of this method is the possibility of obtaining uniform coatings on powder
particles. By changing the conditions of the coatings formation (deposition time, deposition
temperature) it was possible to tailor the structure of the coatings and control the
diamond/metal interaction during the CVD process (Fig. 1). For obtaining copper-diamond
composites, Spark Plasma Sintering (SPS) of the mixtures of the coated diamond crystals with
a copper powder was used. In this presentation, the influence of the presence of coatings on
the diamond particles, SPS conditions and size of the initial diamond particles on the
microstructure, relative density and thermal conductivity of the consolidated copper-diamond
composites will be reported.

Fig.1 Morphology of W-
containing layers on the
diamond surface after 30
min (a) and 60 min (b) of the
CVD treatment.
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The reported study was partially supported by RFBR according to the research project
No. 16-33-00109 mol_a.

44
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Electroconductive ceramic composites have many special applications for electronics,
wireless communications and nuclear physics. In the latter case, additional requirements
appear such as narrow range of conductivity, vacuum-tightness and unbirth of longlife
isotopes. Multiwall carbon nanotubes (MWCNT)-Al,O3 composite ceramics can satisfy the
conditions, if dense material is received.

In this work, attempts to receive such material are made. Dependencies of start particle
size (0.1-1p), methods of synthesis (sol-gel and mechanochemical) and consolidation (cold
and hot isostatic techniques) are obtained and analyzed. Vacuum-tight (10 torr/l/s), dense
(98%TD) composite material was sintered at 1520°C 200 MPa in hot isostatic press, having
electroconductivity level 10 Sm/cm.

Z4KkU X3P, BEE @

*

Alumina powder, doped multiwall carbon nanotubes
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Materials based on oxides with mixed ion-electron conductivity (MIEC) attract attention
due to the possibility of their application in chemical, gas and energy industries. During the
recent years, innovative technologies of oxygen separation from air are developing
intensively. These technologies are based on selective oxygen permeability of MIEC oxides.
At present, the material having the composition Bag 5SrosC0gsFe0.203-5 (BSCF) possesses the
highest oxygen permeability [1]. A disadvantage of this compound is the occurrence of the
undesirable phase transition from cubic to hexagonal perovskite at temperatures below 900°C
[2]. In order to improve the functional properties of BSCF the method of isomorphous
substitution of A and/or B cations is widely used. We demonstrated previously that the
isomorphous substitution of Co in BagsSrosCogsFeo2035-5 by highly charged cations
M(V)=Nb, Ta with stable oxidation state allows one to enhance the chemical stability of
membrane materials with the conservation of the high oxygen permeability [3]. In the present
work we synthesized the hollow fiber membranes (Figure below) having the composition
Bag 5Sr05C00.78Wo.02F€0.203-5 (BSCFW2) and studied the functional properties. It is shown
that the introduction of highly charged cation W°®" in the B-site, up to 2% inclusive, improves
the functional properties of membrane materials: suppresses the phase transition from cubic to
hexagonal perovskite at temperatures below 900°C, enhances the chemical stability of
membranes in the atmosphere of carbon dioxide, and increases the long-term stability of
oxygen fluxes.

This work was supported by the Russian Federation project No V. 45.2.7

[1] Shao Z.P., Yang W.S., Cong Y., Xiong G.X. J. Membr. Sci. 172, 177-188 (2000).

[2] Svarcova S., Wiik K., Tolchard J., Bouwmeester H.J.M., Grande T. SSI. 178, 1787-1791 (2008).
[3] Markov A. A., Savinskaya O. A., Patrakeev M. V., Nemudry A. P., Leonidov I. A., Pavlyukhin Yu.
T., Ishchenko A. V., Kozhevnikov V. L. J. Solid State Chem. 182, 799-806 (2009).
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The structural transformation mechanism of a chemical reaction determines the reaction
product morphology and also strongly influences the reaction kinetics. If the reaction consists
of two or more stages, there is opportunity to influence the final product morphology by
controlling the phase composition of the intermediate products. Thermal decomposition of
precursors is a widely used method for the synthesis of metal oxides. In the work we
subjected cerium oxalate decahydrate to a thermal decomposition to obtain nanocrystalline
ceria. The reaction occurred in two stages: dehydration and a subsequent oxidative
thermolysis. It was shown that dehydration conditions strongly influence the final product’s
morphology. In the case of dehydration under vacuum or in air the final product can be
obtained in pseudomorph-form, i.e. the initial crystal shape and sizes are retained (Fig.1).
Otherwise, dehydration under quasi-equilibrium conditions (very slow water removal rate)
leads to fragmentation of the initial crystals, with each piece’s size being in the range of 1-10
um (Fig. 2). It is uncommon that a decreasing reaction rate leads to such drastic changes in
morphology, namely a fragmentation into small pieces. It was shown that the changes of
dehydration conditions lead to the formation of different polymorphs of dehydration product.
We suggested two variants of structural transformations during dehydration, which occur
under different conditions. These transformations cause different deformations to the initial
structure, which lead to the differences in fragmentation scale and a change to the crystals size
and shape. In addition, the oxidation rate of the product obtained under quasi-equilibrium
conditions is ca. 10 times higher than for another dehydrated product (Fig.3). As a result of
the dehydrated products’ oxidation, nanocrystalline ceria was obtained with the particles’ size
5-6 nm, which was determined by TEM and from the broadening of XRD pattern peaks. The
specific surface area was measured by nitrogen adsorption and its value was 140m?/g.

N

Figure 1. The whole process of Cez(CZO4)3-10HZO thermal
decomposition in air: a) initial crystals, b) dehydrated product, ¢) CeO.,.
(Images from an optical microscope, magnification 100x)
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> Figure 3. Comparison of the oxidation
o— Wt N 2% rates for different dehydration

' products: Nel — the product dehydrated
in air, Ne2— the product dehydrated
under quasi-equilibrium conditions.

Fiﬂguire 2. The crystals morphology change during dehydration under quasi-
equilibrium conditions: a) initial precursor crystals, b) dehydrated product.
(Images from a scanning electron microscope)

This work was supported by RSF A2 74-23-00037
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1HHcmumym Xumuu Teépooeo Tena u Mexanoxumuu CO PAH, yn. Kymamenaose. 18,
Hosocubupck, 630128
2H0606u6up61<m? Tocyoapcmeennviii Yuueepcumem, yu. [lupozosa 2, Hosocubupck, 630090
e-mail: daniel@solid.nsc.ru

MexaHu3M CTPYKTYpHOTO IIpEBpAlLEHHMs] IpU XHMHUYECKOH pEeaklHu OIpelesieT
MOpGOJIOrHI0 MPOAYKTa PEAKIMH, a TaKXKe CUIbHO BIMSET Ha KUHETHKY peakuuu. Ecnu
peaKIys COCTOUT U3 JBYX HJIM OoJsiee CTaiui, TO €CTh BO3MOXKHOCTD BIUSATH HA MOP(OIOTHIO
KOHEYHOTO MPOIYKTa, KOHTpONUpyd (Da3oBbIii COCTaB MPOMEKYTOUYHBIX IPOIAYKTOB.
Tepmuueckoe pas3iloKEeHUE NPEKYypCOpPOB — 3TO IMIMPOKO HCIOJB3YEMBId METOJ CHHTE3a
OKCHJIOB METAJUIOB. B naHHO# paboTe MBI MPOBEIH TEPMHUYECKOE PA3JIOKECHUE JeKaruapara
OKcaJlaTa Liepusl C LENbI0 MOIYYUTh HAaHOKPUCTAIUIMUECKUM TUOKCH Lepus. DTa peakuus
IIPOTEKAET B ABE CTAJUU: ACTUAPATALUS U MOCIEAYIOIMM OKUCIUTENbHBIN TepMOiIn3. bbuio
MIOKa3aHO, 4YTO YCJIOBUS JAETUApATallii CUJIbHO BIMSIIOT Ha MOP(QOJOTHUI0 KOHEYHOI'O
nponykrta. [lpu neruaparanuu B BaKkyymMe WM Ha BO3AYyXE KOHEUHBIH MPOIYKT MOXKET OBITh
HOJY4YeH B BHJE NCEBAOMOP(O3bl, TO €CTh C COXpaHEeHHEM (OPMbI U Pa3MEpPOB MCXOAHBIX
kpuctamioB. (Puc.l). ernaparanus B KBa3UpPaBHOBECHBIX YCJIOBUSX (OYEHb MEJICHHBIN
OTBOZ BOABI OT OOpa3la) NPUBOAUT K PA3PYIICHUIO HCXOAHBIX KPHUCTAUIOB Ha KYCKH
pasmepoM 1-10 pm (Puc. 2). YiuBuTenpHo, 4T0 yMEHbILIEHHE CKOPOCTU PEAKIIMU NIPUBOIUT K
TaKUM CHUJIBHBIM HM3MEHEHHsM B Mopdosornu. Bpuio mokazaHo, YTO M3MEHEHHUS YCIOBHMA
JeTUApaTaliiid TPUBOAUT K 0Opa30BaHUIO PA3IMYHBIX MOJIUMOPGHBIX MOIUPUKAIMNA
IIPOAYKTA Aeruaparany. Mbl IPENIoKWINA JBa BApUAHTA CTPYKTYPHBIX IIPEBPAILEHUN B XOI€
JEerUpaTaluy, KOTOPbIE PpEaJu3yIOTCsl NpPU PA3IMYHBIX YCIOBHUSX. OTH IPEBPALICHUS
BBI3BIBAIOT pa3inyHble JedOopMaluu UCXOAHON CTPYKTYPbI, KOTOPbIE MPUBOJAT K Pa3IudMsIM
B MaciiTabax pa3pyleHHs U U3MEHEHHUHU pa3MepoB U (hopmbl kpucTtaioB. Kpome Toro Obuio
O00Hapy)X€HO, YTO CKOPOCTb OKHCJEHHS MPOAYKTA, MOIYYEHHOro IpHU JETUpaTaluu B
KBa3UPAaBHOBECHBIX YCIOBUAX NpuMepHO B 10 pa3 Bellle, 4eM NpOAYyKTa AETUApATalli B
Bakyyme. (Puc.3). B pesynbrare OKuCIEHUS NPOAYKTOB JErMapaTalMyd ObLI TMOIyYeH
HaHOKPHUCTAJUIMYECKUH OKCHJ LIEpHsl C Pa3MepoOM 4YacTHll 5-6 HM, 4TO OBLIO ONpEesIeHO
metoaoM [IOMBP u u3 ymupenus audpakiuoHHBIX MakcUMyMoB. [limomans yaenbHOR
MOBEPXHOCTHU, U3MEPEHHAs 10 ajicopounu azora coctasuia 140 M?/r.

Pucynxu npedcmasnenst 6 anenuiickoi gepcuu me3ucos

Hannasa paboma noooepowcana epanmom PH®D Ne 14-23-00037
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PHYSICAL AND CHEMICAL PROPERTIES OF IRON OXIDES INSERTED INTO
SBA-15 MESOPOROUS SILICA

P.Yu. Tyapkin'?, S.A. Petrov?, A.P. Chernyshev®*, Yu.V. Larichev*®, P.A. Gribov?,
N.F. Uvarov'?*
Novosibirsk State University, Pirogova Str. 2, Novosibirsk, 630090
?ISSCM SB RAS, Kutateladze Str. 18, Novosibirsk, 630128
3BIC SB RAS, Lavrent'ev Ave. 5, Novosibirsk, 630090
*Novosibirsk State Technical University, Karl Marx Ave. 20, Novosibirsk, 630073
e-mail: p.yu.tyapkin@gmail.com

The present work is dedicated to the research of nanocomposites based on particles of
different iron oxides developed inside mesoporous SBA-15 silica with the typical hexagonal
quasiordered (stretched cavities several nanometers across) porous system. The impact of
precursor thermolysis conditions (temperature, environment) on properties and phase
composition of the samples was studied. To achieve this purpose the following methods were
applied: X-ray diffraction, Mossbauer spectroscopy, microscopy (transmission and scanning),
IR spectroscopy, differential scanning calorimetry with thermogravimetric analysis and mass
spectroscopy (for evolved gaseous products identification).

Iron (I11) oxalate was chosen as the primary precursor. Thermolysis of the compound (no
matter it occurs in oxidizing or inert media) is known to pass through the temporary iron(ll)
oxalate formation, which is a widely used precursor for nanosized iron oxide particles
obtaining. This fact allows us to apply the divalent salt thermolysis results to the analysis of
trivalent salt transformations. Thermal decomposition of the both compounds is accompanied
by significant changes in crystal lattice volume, contributing to the accumulation of
mechanical stresses and leading to formation of a product with particle size down to a few
nanometers.

Ferric oxalate, as opposed to ferrous salt, is water-soluble, and this fact makes it possible
to obtain nanocomposites based on mesoporous materials simply by impregnating a matrix
with an iron(lll) oxalate aqueous solution, followed by a thermal treatment. The usage of
porous materials as the matrices for iron oxide nanoparticles stabilization enables us to
control their size and shape as well as to protect them from being affected by the external
environment. Since the thermolysis of the precursor occurs inside the pores acting as
nanoreactors, the substance conversions observed differ from the case of free iron(l11) oxalate
or have other temperature limits. It does not also exclude the possibility of interactions
between the matrix and filling compound.

It should be noted that the investigated objects can potentially find applications in
medicine (magnetic cell separation, cancer magnetotherapy, targeted drug delivery, as a MRI
contrasting agent), catalysis (catalyst retention inside the reaction chamber and its separation
from the reaction mixture), or industry (as a coating ingredient).

This work was supported by the Russian Science Foundation (14-23-00037).
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®U3NYECKHUE U XUMHUYECKHUE CBOMCTBA OKCHJIOB KEJE3A,
MOMEIIEHHBIX B ME3OIIOPUCTBIN CUJIMKATEJb MAPKH SBA-15

ILIO. Tsmkuu'?, C.A. HeTpOBZ, AIlL UIeprImeBZ’4, 10.B. Hapnqul'S, H.A.Fpn60132,
H.®. le.apOE.l‘Z’4
1Hoeocu6up01<uﬁ 2ocyoapcmeennwiil ynusepcumem, yi. Ilupoeosa 2, Hosocubupck, 630090
2HHcmumym xumuu meepoozo mena u mexanoxumuu CO PAH, yn. Kymamenaose 18,
Hosocubupck, 630128
3HHcmumym kamanuza um. I'K. Bopeckosa, np. Akademuxa Jlaspenmuvesa 5, Hosocubupck,
630090
4Hoeocu6upa<m? 2ocyoapcmeenHulil mexHudeckuil ynusepcumem, np. Kapna Mapkca 20,
Hoeocubupck, 630073
e-mail: p.yu.tyapkin@gmail.com

Jlannast paboTa TMOCBSLIEHA MCCIEAOBAHUI0O HAHOKOMIIO3UTOB HAa OCHOBE YAaCTHUIIL
pa3IMYHBIX OKCHJIOB XeJe3a, CHOPMHUPOBAHHBIX BHYTPHU TOP ME30HOPHCTOTO CHIIMKATEIIs
mapku SBA-15 ¢ xapakTepHOW TeKCaroHaJIbHOW KBa3MYHOPSJAOUYECHHONH CHUCTEMOM II0p
(BBITSIHYTBIE KaHAlbl JAMAMETPOM HECKOJIbKO HAHOMETPOB). V3yueHO BiIHSHHE YCIOBUI
TEepMOJIH3a TpeKypcopa (TeMIeparypa, cpeia) Ha XapaKTepUCTUKH O00pas3IoB M uX (Ha30BbIi
cocTaB, JUIi 4Yero OBbUTM TNPHUMEHEHBI CIEAYIOIME METOABI: PEHTIeHO(A30BbIA aHAIN3,
MeccOay’pOBCKasi CIIEKTPOCKOIHUS, MUKPOCKOIUA (IIpocBeunBaromias U ckanupyromas), NK-
CHeKTpocKkonusi,  au(QepeHnnaIbHO-CKAaHUPYIOIIasi ~ KaJOpUMETpUs B CBS3KE  C
TEPMOIPAaBUMETPUUECKUM aHAJIM30M M Macc-CIIEKTpOoCKonued (s aHaiMs3a cocTaBa
BBIICTISTIOLINXCS Ta3000pa3HbIX MTPOAYKTOB).

B kagecTBe OCHOBHOTO IpeKypcopa ucmonb3yercs okcanar sxenesa(lll). Oto coenunenue
U3BECTHO TEM, YTO €0 TEPMOJIU3 (KaK B OKUCIMTEIbHOW, TaK U MHEPTHOU Cpelax) MPOXOIUT
yepe3 GopMUPOBAHUE MTPOMEKYTOYHOTO MPOAYKTa — okcanata xemnesa(ll), koropslit aBnsercs
HIMPOKO HCIIOJIB3YEMbIM IPEKYPCOPOM JUIsl MOJyYEHHUsT HAHOPAa3MEPHBIX YacTHUIl OKCHJIOB
xeneza. JlaHHBIA (akT MO3BOJSET HMCHONB30BATh PE3YNbTAThl HCCIEJOBAHUNA TEpPMOJIM3a
JIBYXBaJICHTHOM COJM Kak ONOPHYIO TOYKY IpU aHajHu3€e MpeBpallleHHd TpeXBaJeHTHOM.
Tepmuueckoe pasnokeHHe OO0OMX COJell COMPOBOXKAAETCS 3HAYUTEIBHBIM H3MEHEHHUEM
o0beMa KpPUCTAITMYECKOM PEIIeTKH, YTO CIOCOOCTBYET HAKOIUICHUIO MEXaHMYECKUX
HanpspKeHU M, Kak cieicTBHe, (OPMHMPOBAHUIO YACTHI[ MPOAYKTa C MaJibIM (E€IMHHUILIBI-
JIECSATKA HAHOMETPOB) Pa3MEPOM.

Okxkcanar xene3a(lll) B ommune ot oxcanara >xene3a(ll) pacrBopum B Boxe, 4To Aaer
BO3MOYKHOCTH TOJy4aTh HAaHOKOMIIO3UTBHI HA OCHOBE ME30IOPUCTBIX MaTepHaJOB MPOCTHIM
CIoco0OM, KOHKPETHO, UMITPETHUPOBAHNEM BbHIOPAHHON MaTpHULIbl BOAHBIM PACTBOPOM COJIH C
nocienyrmel TemmneparypHoir o0paborkoil. Mcmonb3oBaHWE MOPUCTHIX MaTepUalioB Kak
Marpull, CTaOMJIM3HPYIOIIMX HAHOYACTHIIBI OKCHJIOB JKeJe3a, IMO3BOJISET YNPaBIATh HX
pasmepom u (opmoii, a Takke 3alUTUTh UX OT BO3JEHCTBHS BHEIIHEH cpeapl. [lockombky
TEPMOJIU3 TPEKypcopa MPOUCXOOUT BHYTPU TIOP MAaTpPHUIIbI, BBICTYNAIOLUUX B POJIHU
CBOE0Opa3HBIX HAHOPEAKTOPOB, HAOJI01aeMble IPEBPAILCHHS BELIECTBA MOTYT OTJIMYAaThCs OT
ciydast cBoOogHoro okcanara skenesa(lll), mubo nmers nHble TemneparypHble npenensl. He
ClIeyeT UCKIIUaTh TaK)Ke BO3MOKHOCTh B3aUMOJICHCTBHS MaTPUIIbl M HATTOJIHUTEIS.

CTouT OTMETUTh, YTO HCCIeIyeMble OOBEKTHl IOTEHLUHUAIBHO CIIOCOOHBI HAWTH
IpUMEHEHHE B MeAMIMHE (MarHWTHas cenapanus KIeTOK, MarHUTOTepMHUYecKasl Teparus
paka, agpecHas JoCTaBKa JieKapcTB, KoHTpacT 1iig MPT), karanuse (yaep:kaHue kKaraauzaropa
B PEAaKLIMOHHOM 00bEeMe M OTJENIEHHE €r0 OT PEakIIMOHHON CMECH) UIIH MPOMBIIIIICHHOCTH.

Paboma noooepacana Poccutickum Hayunvim @onoom (epanm 14-23-00037).
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EFFECT OF DEPOSITION TEMPERATURE ON PREPARATION OF Sr-Zr-O
FILMS USING LASER CVD

Jianchao Chen, Akihiko Ito, Takashi Goto
Institute for Materials Research, Tohoku University, Sendai, Japan
goto@imr.tohoku.ac.jp

Compounds in Sr-Zr—O system have been attracting much attention since their various
applications. SrZrOs is a promising candidate for the usage of electric devices because of its high
dielectric constant. It is also known as a wide-gap photocatalytic material (band gap: 5.6 eV). ZrO, has
been widely studied as a structural material with excellent mechanical properties and an efficient
photocatalyst. SrZrOs/ZrO, nanocomposite is expected to be widely used since their enhanced
photocatalytic property and chemical stability. We prepared Sr—Zr—O films on polycrystalline AIN
substrate by laser chemical vapor deposition (CVD). Effects of Zr mole fraction in vapor (Rz) and
deposition temperature (Tqp) on the phase composition, orientation and microstructure of the films

were investigated.

Sr-Zr—O films were prepared on AIN substrates.
An Nd:YAG laser (wavelength: 1064 nm, output: 10—
150 W) was employed. The substrate was heated on a
heating stage at a pre-heating temperature of 773 K.
The CyoH20gZr and Sr(dpm), were used as precursors.
The vaporization temperatures were held at 453-473 K
and 573 K, respectively. The deposition temperature
changed from 793 to 1003 K by increasing the laser
power from 43 to 125 W. Ar and O, were used as the
carrier and reaction gases, respectively. The gas flow
rates of Ar were 50 sccm for each precursor. The gas
flow rate of O, was 100 sccm. The total pressure in the
CVD chamber was held at 800 Pa. The deposition was
conducted for 600 s.

Figure 1 shows the XRD patterns of SrZrO; films
prepared at different Tge, and Rz = 50 mol%. A SrZrOs
film with significant (110) orientation was obtained at
Taep = 883 K (Fig. 1(a)). With increasing Tgep, the
orientations of SrZrO; films changed from (110) to
(111). a SrZrO; film with significant (111) orientation
was obtained at Tgep = 943 K (Fig. 1(b)).

Figure 2 shows the surface and cross-sectional
SEM images of (a, b) (110)-oriented SrZrO; film
prepared at Tqep = 883 K and Rz = 50 mol%, and (c, d)
(111)-oriented SrZrO; film prepared at Tge, = 943 K
and Rz = 50 mol%. The (110)-oriented SrZrO; film
shows columnar structured grains with elongated roof-
like caps and a columnar cross section (Fig. 2 (a, b).
The (111)-oriented SrZrO; film shows a surface with
pyramidal grains and a cross-section with columnar
grains (Fig. 2(c, d)).
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Fig. 1 XRD patterns of SrZrO; films
prepared at different Tqe, of (a) 883 K and
(0) 943K
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Fig. 2 SEM images of (a, b) (110)-oriented
SrZrO; film prepared at 883 K and (c, d)
(111)-oriented SrzrO; films prepared at
943 K.
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CRYSTAL GROWTH AND PHOTOLUMINESCENCE PROPERTIES OF
REACTIVE CVD-DERIVED MONOCLINIC HAFNIUM DIOXIDE
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Novosibirsk State University, Pirogova Str. 2, Novosibirsk, 630090
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Hafnium dioxide is widely demanded by the semiconductor industry for the transparent
resistive memory device production. Also, the perspective of its applying has geared up for
biosensing applications and white light-emitting diodes. Despite numerous needs in
monoclinic HfO, single crystals, the fabrication of single crystals remains a real challenge
since several years. As one of the most convenient approach to grow the crystals of refractory
compound such as hafnium dioxide, the reactive chemical vapor deposition (RCVD) or
chemical transport through the gas phase can be proposed [1]. The aim of this work is the
investigation of the monoclinic HfO, crystal growth possibility by the RCVD.

The thermodynamic modelling is a convenient way to understand in details the chemical
equilibria that occur in the multicomponent transport systems. It was performed within the
1100 — 1600 K temperature range (with 100 K interval) and the 1 — 1000 Torr total pressure
range (with the interval of one order of magnitude) for the Hf — C — Si — O — F system. Based
on the modelling results, it was shown that HfO, formation occurs through the decomposition
of HfOF,. The formation of HfOF; is resulted in the reaction between coming from the “Hf-
containing” zone HfF, and SiO,. The most favourable conditions for the crystal growth are
high temperatures and pressures.

It was demonstrated that the crystal growth of the monoclinic HfO, through the gas phase
is possible. The results of modelling are in good agreement with experimental results and help
to explain the formation of different solid products
in the course of chemical transport through the gas

phase. The obtained crystals are plate-like (up to 2
: cm), transparent for visible light and high purity
i (not less than 99.99%). The photograph of the
crystal is shown on the left figure [1]. Vicinal hills,
numerous growth steps, kinematic waves and twins
were observed on the plate surface by scanning
10 electron microscopy. The plates are oriented in the
[001] direction.

The investigation of the crystal photoluminescence was shown that the most intensive
emission bands are 2.69 eV (at excitation energy 4.43 eV) and 1.96 eV (at excitation energy
5.17 eV). The cause of the blue emission is oxygen vacancies in the crystal structure and the
origin of red emission is excited O(*D) atoms. The generation of O(‘D) excited atoms is
resulted in UV ionization of oxygen interstitial ions or adsorbed oxygen on the crystal surface.

0 mm

This work was supported by the Project of RAS # 1-38.

[1] V.V. Lozanov, N.l. Baklanova, V.R. Shayapov, A.S. Berezin. Cryst. Growth Des., 2016,
Accepted; http://10.1021/acs.cqd.6b00824
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SYNTHESIS OF TITANIA MATERIALS FOR PHOTOCATALYTIC
APPLICATIONS USING TEMPLATE - ASSISTED METHOD
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Novosibirsk state university, Pirogova Str. 2, Novosibirsk, 630090
Boreskov Institute of Catalysis SB RAS Lavrent'ev Ave., Novosibirsk, 630090
e-mail: natalya@catalysis.ru

Titania-based materials are regarded as one of the most promising for the photocatalytic
applications and a range of commercial products have already being produced [1]. However
in order to promote such materials on the market and to make competitive products from them
it is important to enhance photocatalytic activity in the visible range of the solar spectrum.

To achieve this goal we used two approaches, namely N-doping of TiO, and the synthesis
of 3 dimensionally ordered macroporous (3DOM) materials. We also tried to combine these
two methods.

Inverse opal configuration even with the certain degree of disorder can be favorable for
the photocatalytic applications via enhancement of photocatalytic efficiency due to the optical
effects [2]. Apart from this, the general advantage of bimodal pore size distribution in
heterogeneous catalyst remains valid and is suitable for photocatalysis.

3DOM materials based on TiO, were prepared using template-assisted and sol-gel
methods. Hierarchical porosity was molded by infiltration of titatium dioxide precursor into
the voids of polymethylmetacrylate (PMMA) and polystyrene (PS) spheres of different
diameters. The special attention was paid to experimental conditions of titanium
tetraisopropoxide hydrolysis and template removing by calcination.

Crystalline phases of the materials were identified using XRD method, surface
morphology was observed by SEM. Surface area and porosity were determined using BET
method. Optical properties were measured by diffuse reflectance spectroscopy.

Non - metal doping attracts attention due to high photocatalytic activity of the doped
material under visible light, simplicity of preparation and low-cost of such catalysts [3].

N-doped titanium dioxide was synthesized by sol-gel method in the presence of
tetrapropylammonium hydroxide as the nitrogen source.

N-doped titanium dioxide catalysts were characterized using XRD, BET and XPS
methods.

The photocatalytic activity of prepared samples was tested in the oxidation reaction of
acetone in the gas phase on the continuous flow unit under visible light irradiation with the
wavelength of the source of ca. 450 nm. The experimental methodology and installation
diagram of the unit was previously described in details [4].

The results of photocatalytic activity measurements have shown tenfold increase
compared to commercial catalyst KRONOS vip 7000 in the oxidation of acetone when N-
doped catalyst was used. However no significant improvement was observed in the
photocatalytic activity when analogous trials were conducted with undoped 3DOM titania.

[1] M. Pelaez et al. Applied Catalysis B: Environmental 125, 331-349, (2012)

[2] J. Chen, G. Freymann, V. Kitaev, G. Ozin. J. AM. CHEM. SOC 129, 1196-1202, (2007)
[3] A. Fujishima, X. Zhang, D.A. Tryk. Surface Science Reports 63, 515-582, (2008)

[4] E. Korovin, D. Selishchev, A. Besov, D. Kozlov. Applied Catalysis B: Environmental
163,143-149, (2015)
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NOVEL STRUCTURED CATALYSTS WITH REGULAR MACROPOROSITY FOR
HEAVY OIL HYDROPROCESSING
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Depletion of conventional oil resources requires appealing to alternative motor fuel sources, the
most popular of which are being heavy oil. Catalytic processing of heavy feed seems to be challenging in
terms of high viscosity, density and significant content of impurities (Ni, V, S, N-containing compounds,
asphaltenes). To increase the efficiency of hydrocraking, hydrodesulfurization (HDS),
hydrodenitrogenation (HDN), hydrodemetallization (HDM) and hydrodeasphatenization (HDA),
catalysts with developed macropore system are needed, as they are capable of lowering diffusion
limitations for high molecular weight constituents [1,2].

This study is focused on multistage hydroprocessing of heavy oil from Tatarstan with high viscosity
and S content over the macroporous catalysts based on alumina and prepared by a template technique
using polymeric microbeads 250-300 nm in diameter. The method allows one to obtain highly porous
alumina (0.6-1.2 cm®/g) with a bimodal narrow pore size distribution — maximums at 10 nm, assigned to
intrinsic material mesopores, and 200-250 nm, ascribed to spherical macropores (Fig.1). Adjusting
template parameters and synthesis conditions gives us an opportunity to precisely control size and
fraction of macropores, as well as mechanical strength of the pellets, which is an important characteristic
in the real industrial process.

On the first stage of the process, the feed was hydrotreated on the “guard-type” catalyst comprised
of pellets of macro-mesoporous or conventional mesoporous Al,Os (process parameters 420°C, 7 MPa,
Hy/feed volume ratio = 1000, contact time 4 s). After 800 h on stream, mesoporous Al,O3 was found to
deactivate to a great extent, whereas macro-mesoporous catalyst showed 5-fold HDS (total conversion
25%), 2.6 times higher asphaltene conversion (58%) and 5-10 times more effective metal removal.

On the second stage of the process, the oil products obtained were supplied to the hydrotreating
catalyst: macro-mesoporous or conventional mesoporous Al,O; with NiMoS active component. The
templated catalyst demonstrated higher HDS (61% vs. 55%) and decreased the product viscosity almost
twice as much in comparison with conventional mesoporous analogue. Macro-mesoporous
NiMoS/Al,O3 was also shown to be more effective in heavy oil hydroprocessing when compared to the

4 (‘_

b Wy

Fig. 1. SEM images of (a) conventional and (b) templated Al,Os.

[1] A.G. Okunev, E.V. Parkhomchuk, A.l. Lysikov, P.D. Parunin, V.S. Semeykina,.V.N. Parmon.
Russian Chemical Reviews, 84 (9) 981- 999 (2015).

[2] Parkhomchuk E.V., Lysikov A.l., Okunev A.G., Parunin P.D., Semeykina V.S., Ayupov A.B.,
Trunova V.A., Parmon V.N. Industrial&Engineering Chemistry Research 52 (48) 17117-17125
(2013).
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HOBBIE CTPYKTYPUPOBAHHBIE KATAJIM3ATOPBI C PET'YJISAPHOI
MAKPOIIOPAUCTOCTBIO JJIS1 MIEPEPABOTKH TSXKEJION HE®TH

B. C. Cemeiiknna™?, A.B. ITomyxuu™?, A.W. JIsicuxos™?, E.B. ITapxomuyk '
lHoeocu6upCKuL7 2ocyoapcmeennwlil yuugepcumem, 2.Hoeocubupck, yn. Ilupozosa, 2, 630090
2HHcmumym kamanusa um. I'.K. Bopecxosa, np. Ax. Jlaspenmvesa,5 Hosocubupck, 630090
e-mail: viktoriyasemeykina@ngs.ru

Hctomenne 3amacoB TpagunHOHHOW HedTH TpeOyeT oOpamieHnss K albTepHATHBHBIM HCTOYHUKAM
MOTOPHBIX TOIUIMB, HauOojee TOMyJSIPHBIM M3 KOTOpPBIX ocraeTcs Tsbkenas HedTb. Karanuruueckas
nepepaboTka TsDKeNbIX (pakuuii HedTH mpeacTaBiseT coOOW CIOXKHYIO 3a/1ady BBUAY BBICOKOH BSI3KOCTH,
UIOTHOCTH W Gomnbmoro coxepxanmst npumeceit (Ni, V, S, N-comepkamme coenuHenus, achaabTeHb) B
UCXOMHOM chbIpbe. Jlnms moBbimeHust 3¢dexruBHOocTH peaknuii rumpokpekunra (I'K), ruapoobdeccepuBanus
('OC), runponeazotupoanuss (I'JIA) u ruaponemeranmzanud ([JIM) HE0OXOJMMO UCIOJIB30BATh
KaTaJIu3aToOPBI C Pa3BUTON CHCTEMOM MaKpoIop, objerdaroniei 1udpy3ur0 BEICOKOMOIEKYIIPHBIX PEareHTOB K
KaTaJTUTHYeCKUM HeHTpam [1,2].

B nanHOii pabore wuccienoBalach MHOTOCTaIMHHAs
THIponepepadoTKa BBICOKOCEPHHUCTONW TsDKeNo TaTapckoi
HeTM Ha Karanu3aTropax C pEryJsipHOH MakKpOIIOPUCTOM
CTPYKTYPOi#l, TONYYEHHBIX MEMWIAMHbIM — MEMOOOM  C
HCTIOJIh30BaHUEM MOHOJVCIIEPCHBIX MOJTMMEPHBIX MUKpOchep
quamerpa 250-300 HM. VYKazaHHas MeETOAMKA IO3BOJSET
NoJyyaTh MaTepHanbl ¢ BBICOKMM oObemoM mop (0,6-1,2
cM/r) M y3KHM OHMOJAIBHBIM pAcCIpEICNCHHEM IOp IO
pasmepaM — ¢ MakcuMyMmoM mnpu 10 HM, COOTBETCTBYIOIIUM
cooctBennbiM Me3omopaM Al,Os, 1 200-250 HM, OTBEYAIOIIUM
cpepraeckuM Makporopam (Puc.1). M3mMenenne mapameTpoB
TEMIUIaTa U YCIIOBHUH €ro BBEJCHUS J1a€T BO3MOKHOCTh CTPOTO
KOHTPOJIMPOBATh pPa3Mep M KOJMYECTBO MAKpOIOp, a TaKkKe
MEXaHUYECKYIO IIPOYHOCTH HOCHUTEIIS.

Ha | cramuum mporecca Chipbe  IOJBEPrajioch
nepepaboTKe  Ha  3allUTHOM  CJIO€  Karauu3aropa,
MPEICTABISAIONIET0 COOOW TpaHyJBl MaKpO-ME30MOPHCTOTO
WIA TPAJIUIMOHHOTO OKcuaa amromubus (420°C, 70 atwm,
Hy/ceippe= 1000, Bpems koutakta 4 c). Ilociae 800 wacos

rugponepepadotkn  Mezomopucteii - Al,O;  monsepraics . X
3HAYMTENHHOM [€3aKTUBAlMK, B TO BpeMs Kak Makpo-  Puc. 1. Caumku COM (a) TeMmiaTHOIO U
ME30IOPUCTBIN 3aIUUTHBIM KaTaJIU3aToOp IOKa3blBal B 5 pa3 (6) Tpaguumontoro Al,Oj.
Gospiiee ynaneHne S-conepikammx coequaenuit (25%), B 2,6

pasa Oounblyro KouBepcuio achanbreHoB (58%) u B 5-10 pa3 Ooyiee BBICOKYIO aKTHBHOCTH B YAAJICHUHU
METaIOB.

Ha II cragum mporecca mosyd4eHHbIE HE()TENPOAYKTHl HANPaBIUIMCh Ha KaTallM3aToOp THIPOOYHCTKH,
MPEJCTABJSIOMKN  cO00M MaKpO-ME30MOPUCThIH WiId TpaauiuoHHBIA Al,O3 ¢ HaHECEHHBIM aKTHBHBIM
komitoHeHToM NiMoS. O6pa3sell, Mojgy4eHHbI TEMIIATHBIM METOJI0M, MPOSIBISLT 60JbIny0 akTuBHOCTH B 'OC
(61% nporus 55%) 1 yMeHbIIAN BA3KOCTh HE(TENPOIYKTOB MOYTH B 2 pa3a M0 CPABHEHHIO C ME30IOPUCTHIM
aHasioroM. Makpo-me3onopuctbiii NiMoS/Al,O3 Takxke mokasbiBai 00NbIyI0 3Q(PEKTUBHOCTh B THAPOOYHCTKE
TsOKeJIoN HepTH B CpaBHEHHH ¢ KoMMepdeckuM KaTamuzaropom COSMO-80.

[1] A.G. Okunev et al., Russian Chemical Reviews, 84 (9) 981- 999 (2015).
[2] Parkhomchuk E.V. et al., Industrial & Engineering Chemistry Research 52 (48) 17117-17125 (2013).
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1. Introduction

Nanocrystalline structure with good soft magnetic properties in FeSiBPCu alloys is
usually obtained by thermal annealing of as-quenched amorphous alloys. But in terms of a
core of weight a few grams, we noticed a huge amount of extra heat because of precipitating a
large volume fraction of a-Fe and inefficient dissipation of this extra heat would rise the
annealing temperature and damage the soft magnetic properties and nanocrystalline structure.
Thus in order to control the influence of exothermic heat, we have developed the two-step
annealing method, which could basically divide the nanocrystallization process into
nucleation in the first step annealing and grain growth in the second step annealing. And high
density of nuclei in the first step annealing is very important for the final structure and
properties. To achieve it, high heating and cooling rate and the optimum annealing
temperature are required. Comparing with the first step annealing, the second step annealing
is not so critical. This important requirement of the first step annealing is easy to meet for
small samples by a conventional furnace in laboratory. But it is difficult to treat a large
quantity of long and continued ribbon to make a core. Thus we designed and improved new
continued heating equipment to anneal amorphous ribbon of length several meters with fast
heating and cooling rate in the first step annealing.

2. Experiment
In my experiment, master ingots were made by arc melting process and the single roller
melt-spinning method was used to make amorphous ribbons. In the heat treatment, the first
step annealing is achieved by the roll to roll annealing equipment. For this equipment, as-
quenched ribbon can be pulled through the furnace by the driving roller. And the second step
annealing is achieved by infrared lamp heating equipment. And after heat treatment, samples
were characterized by DSC, XRD, TEM, and so on.

3. Result

This research reports on nanocrystalline structure and magnetic properties in the ribbons
of length more than a few meters and the toroidal shaped cores made by these ribbons.
Results showed formation of a large number of nuclei after first step annealing, which could
develop into nanocrystalline grains during the second step annealing. Low coercivity and core
loss were obtained for both the ribbons and toroidal cores. However, the cores (coercivity is
15~20A/m; and core loss measured at 1.5T and 50Hz is 0.68~0.86W/kg) exhibit relatively a
higher core loss compared to single sheet ribbons (coercivity is 5 A/m; and core loss
measured at 1.5T and 50Hz is 0.38W/kg), due to non-zero magnetostriction of
Fegs3SisBgP4Cup 7 alloy, and structural fluctuations in different parts of the ribbon. In spite of
this, the two-step annealing method can achieve the ideal soft magnetic and structural
properties for the Fegs 3SisBgP4Cup 7 cores.
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Novosibirsk, 630128
Novosibirsk State Technical University, K. Marx Ave. 20, Novosibirsk, 630073
Novosibirsk State University, Pirogova Str. 2, Novosibirsk, 630090
e-mail: egordobretsov@yandex.ru

Lithium oxide excess and powder bed method are conventionally used for synthesis of
lithium-conducting solid electrolytes with cubic garnet structure. In this work
Lig7sLasZry 75Nbg 25012 garnet was sintered at 1200°C on alumina and zirconia supports with
controlled amount of lithium oxide excess. It was found that the powder bed method did not
prevent garnet pellets from alumina contamination. Alumina penetration into samples was
observed in situ. The quantity of alumina penetrated into samples correlated with the amount
of lithium oxide excess added and varied from 0.4 to 0.9 wt. %, as indicated by ICP AES. In
contrast to alumina, zirconia did not affect chemical composition of the pellets. Taking this
into account a modified powder bed method that permits to eliminate any alumina
contamination was developed. However, non-contaminated samples showed lower density
after sintering when compared to contaminated ones. Lithium oxide excess in the samples is
likely to react with the alumina with formation of eutectic that melts at 1200°C. The liquid
eutectic phase acts as a sintering aid and promotes densification up to relative densities of
92%. Electrical properties of the pellets were measured by EIS technique. Bulk conductivity
of the dense pellets was 5x10™ S/cm at 25°C with the activation energy of 0.3 eV and
depends on density. Bulk lithium ion conductivity was in agreement with literature data [1].
Due to grain boundary resistance dc-conductivity of pellets was lower than 10 S/cm at 25°C
with the activation energy of 0.8 eV. Possible reasons of high grain boundary resistance are
discussed.

This work was partially supported by the Russian Science Foundation [RSF 14-23-00037].

[1] V. Thangadurai, S. Narayanan, D. Pinzaru, Chem. Soc. Rev., 2014, 43, 4714.
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Jnst cuHTe3a JUTHIA TPOBOAALIMX TBEPHABIX 3JIEKTPOJIMTOB C KyOMUYECKOM CTPYKTYpOM
rpaHara TPaJULHUOHHO MCIIOJb3yeTCsl N30BITOK OKCHJA JIMTUS U METOJ 3achlIKU. B naHHOM
pabote rpanar Lig7sLasZr;7sNbp25012 ¢ KOHTPOIHUPYEMbIM KOJIMYECTBOM H30BITKA OKCHIA
mutus criekany pu 1200°C Ha momiokKax U3 KOPyH/Ia U U3 OKCHa mupkoHus. OOHapyKeHO,
YTO METOJ 3aCBhIIKM HE MpeNoTBpAIAeT 3arps3HeHUEe TaOJIeTOK IpaHara aJllOMUHHEM.
[IpoHMKHOBEHHE ANOMHHHUS B 00pa3ibl HaOmMonanoch in Situ. KomuuecTBO MpOHHKIIETO B
oOpa3upl amomuHMsA, Kak mokasan ICP AES, xoppemmpoBano ¢ 100aBieHHBIM H30BITKOM
okcua qutus U usMmensoch ot 0,4 mo 0,9 Bec. %. B ornuuue oT adtoOMUHUA, IUPKOHUM HE
MOBJIMSI HAa XUMHUYECKHUW coctaB Tabimerok. Ha ocHoBe »Toro Obul paspaboran
MOAM(DHUIMPOBAHHBI METOA  3aCBIIKM, TO3BOJSIONIMKA  TPEAOTBPATUTh  3arpsi3HEHHE
anmoMuHueM. TeM He MeHee, He3arpsi3HEeHHbIE 00pa3libl UMENIM MEHBIIYIO MIOTHOCTh IOCIIe
CIEKaHUS HEXENU 3arpsi3HeHHble. BeposTHO, N30BITOK OKCUAA JINTUSL pearupyer ¢ OKCHIOM
QITIOMUHUS ¢ 00pa3oBaHMEM 3BTEKTHKH, IutaBsmierics npu 1200°C. XKunakas sBrekTHUecKas
daza peilicTByeT Kak clhekarouias [go0aBka UM YIydllaeT CIEeKaeMOCTb JI0 3HA4eHUH
OTHOCHUTEJIbHOH IIIOTHOCTHU B 92%. DnexTpuyeckre cBOMCTBA TabIETOK U3MEPSIIUCH METOIOM
EIS. OGbeMHasi IPOBOXMMOCTh IUIOTHBIX TaGmeTok cocrasmia 5x10™ Cm/em mpu 25°C ¢
sHeprueit aktusanuu 0,3 5B u 3aBuUCHT OT MIO0THOCTH. OOBEeMHAast MPOBOJUMOCTh IO MOHAM
JUTHSL COTJIacCyeTcs C JaHHbIMH JuTeparypsl [1]. M3-3a mMex3epeHHOro COMpOTUBICHUS
IIPOBOJIMMOCTH TaOJETOK MpPH MOCTOSIHHOM TOKE Oblia HMXKE YeM 10 Cm/em npu 25°C ¢
sHeprueit akruBaiuu 0,8 3B. OOGCyX1at0TCsl BO3MOXKHbBIE TPUYMHBI BHICOKOTO MEX3EPEHHOTO
COIPOTUBJICHUS.

Oma paboma 6vina yacmuuno noodepxcana Poccutickum Hayunvim @onoom [PHPD 14-23-

00037].

[1] V. Thangadurai, S. Narayanan, D. Pinzaru, Chem. Soc. Rev., 2014, 43, 4714.
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Materials based on FeAl intermetallic compound possess unique physical, chemical and
mechanical properties. They are characterized by a low specific weight and resistance to high-
temperature corrosion in sulfur-containing atmospheres. They are less expensive compared
with heat-resistant steels. Porous materials based on FeAl are promising for making gas
filters. Dense and porous materials based on FeAl intermetallic can be produced by reactive
sintering [1].

The aim of this work was to study the evolution of the phase composition and
morphological characteristics of the formation of porous compacts from a mixture of Fe + Al
powders during Spark Plasma Sintering (SPS) [2-3] and hot pressing.

Compaction of the porous materials was carried out in a graphite die without applying
pressure or at a low pressure. For convenient investigation of the morphological changes,
powder particles of spherical morphology were chosen. It was found that the conversion
degree in the Fe-Al system depends on the method of compaction, green density, sintering
temperature pressure and particle size of aluminum.

Sintering of the Fe-40at% Al mixtures at 700-900°C from loose packing allows obtaining
porous FeAl-based materials with an open porosity of about 40%. The beginning of the
chemical interaction in the system is accompanied by the formation of hollow particles of
aluminum. The architecture of the FeAl porous product repeats the architecture of the iron
particle network. On the basis of the X-ray diffraction analysis, scanning electron microscopy
and porosity measurements, we will compare the behavior of the Fe-40at%Al powders during
SPS and hot pressing and discuss the structural features of the porous materials synthesized
by reactive processes.

[1] Gao H.Y, He Y.H, Shen P.Z, Jiang Y, Liu C.T. Effect of pressure on pore structure of
porous FeAl intermetallics. Adv. Powder Technol. 26, 882 (2015).

[2] Tokita M. Spark Plasma Sintering (SPS) method, systems and applications. In: S. Somiya,
editor-in-chief. Handbook of advanced ceramics: materials, applications, processing and
properties. 2" ed. Academic Press, 1149 (2013).

[3] Munir ZA, Quach D, Ohyanagi M, Electric current activation of sintering: a review of the
pulsed electric current sintering process. J. Am. Ceram. Soc. 94 (2011).
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Nowadays porous metals are widely used for adsorption, catalysis, substances separation
and as electrode materials. Porous structure, pore volume and pore size distribution are of
great importance and determine the material application field. It is well known that during the
reduction process of NiO by H, or CO porous metal is formed. This reaction is widely used in
industry for nickel metal obtaining and there are a great number of works that are devoted to
investigation of the reaction. However, the main focus of researches is given to the study of
reaction Kkinetics but factors determining the morphology of porous metal are insufficiently
studied. The main goal of this work was to study temperature and H, partial pressure
influences on the porous Ni morphology. In our work we carried out the bulk NiO samples
reduction in pure hydrogen atmosphere and in a mixture of hydrogen and argon. The
morphology was studied on scrapped partially transformed samples by scanning electron
microscopy (SEM). It was shown that during the nickel oxide reduction process at 300°C in
pure hydrogen atmosphere thin plates of nickel metal assembled into bundles and separated
by cracks were formed (Figure 1a). The reaction temperature increase up to 500°C leads to a
significant change in the metal morphology, namely formation of the porous cellular structure
with mesh size ca. 0.1-0.2 um (Figure 1b). Decreasing the partial pressure of H; also leads to
morphology changes from plate-like to cellular one (Figure 1c). We analyzed processes
occurring in the course of the reaction and suggested the metal porous structure formation
mechanism. The gas/solid reduction process occurs on the pore surface. The competition
between the surface chemical reaction rate with the formation of metal atoms and their
diffusion rate to the metal walls of the cells determines the size and the architecture of the
metal Ni mesh. Both increasing the surface diffusion of metal atoms and decreasing the
surface reaction rate lead to a change from plate-like to cellular morphology and the growth of
cell size. The relation between the cell walls size and the pore volume is defined by volume
changes during the reaction and architecture of metal mesh.
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Figure 1. The morphology of porous metal Ni obtained from the NiO by gaseous reduction
under different conditions
. a) 300°C, pure H,; 6) 500°C, pure H,; B) 300°C, 1% H, +99%Ar.
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N3YYEHUE MOP®OJIOI'MU NIOPUCTOI'O METAJIVIMMECKOI'O HUKEJIA,
INOIYYEHHOTI'O TP BOCCTAHOBJIEHUN OKCHUJIA HUKEJIA.
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B mHacrosimee Bpemsi MOPUCTBIE METAUIBI HIMPOKO HCIOJB3YIOTCA JJIsl aACOpOIHH,
KaTajau3a, pas[elieHUs BEUIECTB M B KaueCTBE JJIEKTPOAHBIX MarepuainoB. llopucras
CTPYKTypa, 00BEM MOp M pacipenesieHHe Mop Mo pa3MepaM MMEIOT OIPOMHOE 3HAaueHHE U
OTIpeNIeNIAI0T 00IacTh MPUMEHEHHs Marepraia. XOpoIo U3BECTHO, YTO MPH BOCCTAHOBIICHUU
okcuaa Hukens BopopoaoMm uinu CO oOpa3yeTcss MOPUCTBIA MeTall. DTa peakius MIUPOKO
UCIIOJIB3YETCSl B MPOMBILIUIEHHOCTH JUIsl ITOJyYEHUSI METAJUIMUECKOTO0 HUKENS U €€ N3YUYEHUIO
MOCBAIICHO OTPOMHOE KOJMYECTBO paboT. OJHAKO OCHOBHOE BHHMMAaHHE HCCIEOBaTelIeH
HOCBALICHO M3YYCHHUI0O KHHETHKHM peakluH, a (axKTopbl, Ompeaessomue Mopdoioruio
MOPUCTOrO MeTajljla, HeJIOCTaTOuYHO M3y4eHbl. llesnbio naHHOM paboThl SIBIAJIOCH U3YyYEHHE
BIIMSIHUSL TEMIIEPATyphl U KOHIICHTPALMK BOIOpPOJa HAa MOP(OJIOTHIO MOPHUCTOrO HUKENS. B
paboTe MpPOBOAMIOCH BOCCTAHOBJIEHHE MACCHUBHBIX O0pa3lOB OKCHJA HUKEIS B arMocdepe
YHCTOTO BOAOPOJAa W CMECH BOIOpOJa C aproHoM. Mopdomorus u3ydanach Ha CJIoMax
YaCTUYHO NPEBPAIICHHBIX 00pa3lOB METOJOM CKAaHUPYIOMIEH 3JIEKTPOHHON MHKPOCKOIHH.
BbUI0 1OKa3aHO, YTO MPU BOCCTaHOBJIECHNH okcuaa Hukens npu 300°C B armocdepe 4nucToro
BOJIOpPO/Ia 00pa3ylOTCs TOHKUE IUIACTHHKH METAJUIMYECKOTO HUKENs, COOpaHHBIC B MAYKd U
pasznenennsle TpemuHamu (puc.la). Yeenuuenue remneparypbl peakuun 10 500°C npuBoaut
K 3HAYUTEJIbHOMY M3MEHEHHIO MOP(OJOTrMM MeTajlga U 0O0pa30BaHUIO MOPUCTOM, SYEHCTOU
CTPYKTYpBI ¢ pazmepamu staeek okosio 0.1-0.2 mxm (puc.10). YMeHbIICHHE KOHIICHTPAITUU
Bogopona mpu 300 C Takke NPUBOAMT K NPEBPALICHHUIO IUIACTHHYATOW Mopdosornu B
syeuctyro (puc.lc). B paGore npoBeneH aHaau3 MpOLECCOB, MPOUCXOAIINX IPU PEaKLUH, U
NpeUIOKeH  MexaHu3M  o0Opa3oBaHMsI  NOPUCTOM  CTPYKTypbl  MeTamia.  Peakuus
BOCCTAHOBJICHHS WJIET Ha TPAHUIIE pa3/iena ra3/oOKCua — Ha MoBepXHOCTH 1op. KoHKypeHnus
MEXy CKOPOCTSIMH ITOBEPXHOCTHOM, XUMHUECKON peaklnu ¢ 00pa30BaHUEM aTOMOB MeTajlia
u ux auddy3um K cTeHKaM METaUIMYEeCKHX SUeeK ONpeNesieT pa3Mep W apXHUTEKTypy
MeTanuyeckor cetku. Kak yckopeHne moBepXHOCTHOW aud@y3un aroMOB MeTaula, TaKk U
YMEHBILIEHUE CKOPOCTH TOBEPXHOCTHOM pPEaKIMM NPUBOIAT K IEPEXONY OT ILIACTHHYATON
MOPGOJIOTHH K SYEUCTON M POCTy pazMepa siueek. COOTHOMIEHHE MEXIy pa3MepaMH CTCHOK
SYEeK M TIOp 33JaeTCsi M3MEHEHHEM o0beMa INMPH Peaklud U apXUTEKTypOl MeTaTMYeCcKOn
CETKH.

30.0kV 5.2mm x25.0k SE

Puc.1. Mopdomorus MeTauIM4ecKoro HHKEISA, MOJYYCeHHOTO TIPH BOCCTAHOBJICHUU
OKCHJa HHKEIS B pasiuuHbix ycioBusax. a) 300°C, uucteiii Bomopom; 6) 500°C, umcrhiil
Boxopox; B) 300 °C, 1% Hy +99%Ar.
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Carbon materials have been intensively studied because of theirs special properties as
industrial materials for electrode due to its high specific surface area, high electric
conductivity and low density [1]. Many researchers have tried to obtain high specific surface
area concurrently with crystallinity to improve properties of carbon materials, but impressive
results have not been reported. Recently, an innovative synthesize method of the open-cell
type porous(OP) using dealloying in a metallic melt was reported, and fabricated various OP
materials, such as Nb, Si, Fe, Cr, etc. have been expected to apply to catalyst, capacitor and
electrode due to their remarkable specific area [2-3]. In this research, OP-carbon was
fabricated using dealloying in Ag metallic melt, and graphitization and activation processes
were followed to optimize specific surface area and crystallinity.

Powder precursor of MngsCis (at.%) was immersed in Ag melt at 1100 [1C for 10 min.
And then OP-carbon was obtained after chemical etching. X-ray diffraction and Raman
spectrum were measured to identify crystallinity of OP-carbon. Specific surface areca was
measured by N2 adsorption using a physisorption analyzer and calculated by the Brunauer-
Emmett-Teller (BET) method. Graphitization was carried out from 1700 [1C to 2500 [1C for
2 hours and 1 hour at 2800 [1C. Activation was carried out from 800 [1C to 950 [IC for 2
hours.

The morphology of synthesized OP-carbon is shown in
Figure 1. BET and Raman intensity ratio of D-band and G-
band of the as dealloyed OP-carbon was 121.9 m%g and 0.538,
respectively. After the activation process, BET was increased
from 121.9 to 368.7 m?/g. it is considered due to a creation of
new pore. After graphitization, crystallinity was increased. It
was caused by reduction of defects and straighten of bent
graphenes.

Fig. 1 SEM image of OP-carbon

[1] R.L. McCreery, Advanced carbon electrode materials for molecular electro- chemistry,
Chem. Rev. 108 (7), 2646-2687 (2008).

[2] T. Wada, K. Yubuta, A. Inoue, H. Kato, Dealloying by metallic melt, Mater. Lett. 65 (7),
1076-1078 (2011).

[3] T. Wada, H. Kato, Three-dimensional open-cell macroporous iron, chromium and ferritic
stainless steel, Scr. Mater. 68 (9), 723-726 (2013).
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The pulsed cathodic arc deposition technique allows prepare the DLC films with a significant
amount of sp*-bonded carbon atoms (80-90 %). The main advantages of this method are sufficiently
high growth rate of layers, a low temperature of deposition, high mechanical properties and ability of
their regulation during deposition process [1].

Some features of the pulsed cathodic arc sputtering technique for formation of diamond-like
carbon films under different deposition conditions were presented. Diamond-like carbon films were
deposited on the silicon substrates (111) by the pulsed cathodic arc sputtering technique. Deposition
was carried out under pulsed voltage of 350 V, pulse frequency of 5 and 10 Hz and pulse number,
changing in the range of 1000-5000. Before the deposition the substrates were cleaned for 20 minutes
by argon ions from End-Hall ion source with energy of 350 eV and anode current of 3 A.

The structure and bonding nature of deposited films were characterized by Raman spectroscopy.
Raman spectra were fitted by Gaussians to get the intensity ratio of the D and G bands, G band
position and G band width. Hardness and Young’s modulus were measured by dynamic mechanical
analysis technique. This method is often called continuous stiffness measurement and it is
nanoindentation experiment wherein harmonic oscillations supplement the indenter’s translational
penetration into the specimen [2]. This method allows determine hardness and Young’s modulus
almost in all points of indentation, i.e. receive nearly continuous mechanical characteristics depending
on the depth. Hardness of the DLC films was varied from 20 GPa to 41 GPa at pulse frequency of 5
Hz and from 30 GPa to 44 GPa at pulse frequency of 10 Hz. Young’s modulus values were in the
range of 180-260 GPa.

By using ellipsometry the thickness and the refraction index were determined. Ellipsometric
measurements were taken by laser ellipsometer at multiangle mode with the angles range of 45-70°.
Ellipsometric data were obtained by fitting method. The film thickness was varied in the range of 35-
240 nm. The refraction index was changed from 2.38 to 2,71 and from 2.31 to 2.95 at 5 Hz and 10 Hz
respectively.

The results showed that pulse frequency and pulse number influence the hardness, Young’s
modulus, the thickness, the refraction index and the structure of deposited films. The hardest DLC film
(45 GPa) was deposited at 10 Hz and pulse number of 3000 while at 5 Hz and pulse number of 3000
the film hardness was 40 GPa. Thus, one can say that there are an optimum pulse frequency and pulse
number wherein the hardness of film is maximum. After fitting of Raman spectra it is was found that
the standart fitting model with two Gaussians is not suitable fo every sample.

The work is performed within the Project of NSU: Strategic academic units in the direction
"Nonlinear photonics and quantum technologies™ 2016-2017.

[1] Andrei V. Stanishevsky. Fabrication, characterization, and postprocessing of cathodic-arc derived
hydrogen-free tetrahedral amorphous carbon // Handbook of Surfaces and Interfaces of Materials,

edited by H. S. Nalwa. Volume 4: Solid Thin Films and Layers. Academic Press. 2001
[2] A. C. Fischer-Cripps. Nanoindentation. Springer. New York. 2011
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TexHoNOrus MMIYJIBCHOTO KAaTOAHO AYrOBOTO HambUIEHHs IMMO3BoisgeT monydaTh AIlY miieHku co
3HAYUTEIBHBIM KOJIMYECTBOM SpS-CBfBaHBIX atomoB yriepona (80-90%). OCHOBHBIMH NpeUMYILIEeCTBAMHU
9TOr0 METO/A SIBIISIOTCS JOCTATOUHO BBICOKME CKOPOCTH POCTa CJIOEB, HU3Kasg TeMIepaTypa OCa)XIeHUs,
BBICOKHE MEXaHHUYECKHE CBOMCTBA U CIIOCOOHOCTh X PETYIUPOBAHUS B ITpoIecce ocaxaeHus [1].

[IpencraBneHsl HEKOTOPBIE OCOOCHHOCTH TEXHOJOTHH HMMITYJIBCHOTO KaTOTHO AYTOBOTO HAIBLICHUS
T (OPMHUPOBAHMS AIMa30MOAOOHBIX IDICHOK YINIEpoda TIPH Pa3lUYHBIX YCIOBHSAX OCAKICHUS.
Anmazonoo0HbIe IEHKH YIIepoia HAaHOCWIUCh Ha KpeMHHeBble mouiokku (111) MeTtogom pacnbuieHust
UMIYILCHOW KaTOAHOHN myrod. OcaxkaeHWe MPOBOIWIM MPH UMIYIbCHOM HampsbkeHuu 350 B, ugactote
umnynscoB 5 u 10 I'mt U konmuyecTBe WMMYNBCOB, MeHswomemcs B auanazoHe 1000-5000. Ilepexn
OCaKJICHUEM MOIOKKH OYHMIIAINCH B TeueHne 20 MUHYT HOHAMH aproHa M3 HCTOYHUKA MOHOB Tuma End-
Hall ¢ sueprueit 350 3B 1 anogHbIM TOKOM 3 A.

CrpykTypa M  XapakTep CBA3M OCaXIEHHBIX IUIEHOK  HCCIENOBAJIUCh  CIIEKTPOCKOMHEN
KOMOMHAIIMOHHOTO paccesHusi cBeTa. Crnekrpsl KPC Obutn moporsansl I'ayccmanamu, 4ToOBI MOTYYHUTH
otHomenue uHTeHcuBHOCTe D m G monoc, nmonoxkenne G MONOCH U ee MUPUHY. TBEPAOCTh U MOIYIb
HOHra OblTM U3MEPEHBI C MTOMOIIBI0 METONWKH JUHAMUYECKOTO MEXaHMUECKOrO aHalu3a. ITOT METOJ, Y4acTo
Ha3bIBaCMBIIl METOZOM  HENPEpPBIBHOTO HM3MEPEHHs JKECTKOCTH, MpEICTaBIseT COOOH  HCHbITaHUE
WHICHTUPOBAaHUEM, B IIpOllecce KOTOPOro Ha MOCTYNATeNbHOEC BHEOPCHHE WHICHTOpA HAKIAJBIBAIOTCS
rapMOHHYECKHE KOoJICOaHNs ¢ TIOMOIIBIO JAHHOTO METOa MOKHO ONPEACIUTH TBEPAOCTh U MOXyib IOHra mouru
B Ka)KZ[Oﬁ TOYKE yrny6ﬂeH1/151 HHACHTOpA, T.€. MOJIYYUTb MNPAKTUYCCKU HCHIPECPBIBHBIC 3aBUCHUMOCTU
MEXaHHUUYECKHX XapaKTepucTHK oT riyouHsl. TBepaocth AITY muieHok BapbupoBaniack B npeznenax ot 20 I'Tla
10 41 I'Tla npu yactote ummynbcoB S5 I'ip u ot 30 I'Tla no 44 I'Tla npu yactote ummnynbcoB 10 ['. 3HaueHus
Moxyist FOura Obim B quanasone 180-260 I'Tla.

C [OMOMIIBIO  JJUIMICOMETPUM  OIpENesIeHbl  TOJIIMHA M TIOKa3aresib  [IPeJIOMIICHHS.
OJuIMIcoMETpUYECKUEe U3MEPEHHS POBOAUINCH C TIOMOLIBIO Ja3epHOI0 LIUIICOMETPA B MHOTOYITIOBOM
PEeXUMeE C yITIaMU MaJeHus B Auanazone 45-70°. DimumncoMeTpuuecKue JaHHbIe ObUITN MOTyYeHbI METOIOM
noAroHku. ToJIIMHA MJIEHKH M3MEHsIach B quanazoHe 35-240 HM. [lokazaTtens mpernoMIICHUS U3MEHSIICS
ot 2,38 1o 2,71 nor 2,31 10 2,95 npu 5 I'm u 10 I'y cooTBeTCTBEHHO.

PesynbraThl mokaszanu, YTO YacToTa MMIYJAbCa M KOJMYECTBO HMMITYJbCOB BIMSIOT Ha TBEPIAOCTb,
Monyne FOHra, ToNnmuMHy, IOKa3aTellb NPEeJOMIIEHUS U CTPYKTYPY OCa)XIeHHbIX MieHoK. Camasi TBepaas
ieHka (45 I'Tla) nanocwinace mpu 10 I'm 1 xonuyecTBe ummyascoB 3000, B To BpeMs kak npu 5 I'l u
konuuecTBe uMITyiibcoB 3000 TBeprocTs mueHku coctasisuia 40 I'Tla. Takum oOpazom, MOXKHO CKa3aTb, 4TO
CYIIECTBYET ONTUMAJbHAS YaCTOTa UMITYJIbCOB U KOJMUYECTBO UMITYIILCOB, TII€ TBEPJOCTh MJICHKH SIBIISETCS
MakcuManbHOU. [locrme MOAroOHKM CHEKTPOB KOMOHMHAIMOHHOTO paccestHus ObUI0 YCTaHOBJIEHO, 4YTO
CTaHJapTHas MOJEJb MOATOHKH ¢ AByMs ['ayccmaHaMy He MOAXOIUT AJIs KaXI0ro o0pasia.

Pabora BrimmonHeHa B pamkax npoekra HI'Y: Crparermueckne HaydHble MOIpasAeNeHHus B
HanpagieHud "Henuneitaeie GoTOHNKM U KBaHTOBBIE TexHOMOTHH" 2016-2017.

[1] Andrei V. Stanishevsky. Fabrication, characterization, and postprocessing of cathodic-arc derived
hydrogen-free tetrahedral amorphous carbon // Handbook of Surfaces and Interfaces of Materials, edited by
H. S. Nalwa. Volume 4: Solid Thin Films and Layers. Academic Press. 2001

[2] A. C. Fischer-Cripps. Nanoindentation. Springer. New York. 2011
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Materials with improved crack resistance and strength are of a great importance in the
terms of severe climate conditions and corrosive environment. Such materials could be
produced via hybrid reinforcement, i.e. addition of fibers with different nature or length into
composition of polymer. Such approach provides delaying the propagation of cracks at
different scales. Nevertheless, low adhesion level between fiber and polymer matrix seems to
be a challenge as it leads to fiber detachment followed by composite damage. For this reason,
we suggest using nanostructured carbon-carbon and carbon-mineral composites as
reinforcement additives with high surface area. Such composites represent microfibers
covered with CNF layer (hybrid nanocomposites).

Carbon-carbon and carbon-mineral composites were synthesized using CCVD technique.
Firstly, catalytic particles of nickel and Ni-Cu alloy were deposited via impregnation
technique with the following drying and reduction in hydrogen flow. Then growth of CNF
layer on microfiber surface was carried out by chemical vapor deposition of various
hydrocarbons.

It was shown that surface area of hybrid nanocomposite could be 40 times higher than
that of initial material. It is worth mention that the developed method allows obtaining CNF
and hybrid nanocomposites with different morphology.

lum BB72

Fi.1. Microfiber surface before (left) and after (right) treatment
(2,5 wt.% Ni-Cul/carbon fiber, C,-C4, 700°C)

Carbon-carbon and carbon-mineral composites was proved to be effective reinforcement
additive to polymer matrix.

This work was supported by Russian Academy of Sciences and Federal Agency of
Scientific Organizations (project V. 45.3.5).
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Diamond-like carbon (DLC) films, either hydrogenated, can be an antireflective and protective
coating for elements of IR-optics [1]. There are different structural factors which influence, for
example, on a high hardness of the film. Among them there is the content of sp3-hybridizated atoms.
Authors [2, 3] report about the increased hardness of films which is connected with the maintenance of
ordered sp2 bounded atoms in the form of fullerene-like, onion-like structures in the amorphous
carbon matrix. At the same time authors tell about a connection between features of the Raman spectra
and results of electronic microscopy.

In this work we consider the Raman spectra of the diamond-like films (a-C and a-C:H) received
by ion-beam and arc-discharge methods for the purpose of search of connection between features
Raman spectra and results of a high resolution transmittance electron spectroscopy (HRTEM).

1-Films were synthesized by end-hall ion source (ion energy was about 50-300 eV). The methane
(CH,4) was used as a precursor. The substrate was monocrystalline Si. 2-Films were obtained by the
use of a linear anode layer source (ion energy was about 1000 eV). The CsHg was used as a precursor.
The substrate was monocrystalline Si. 3-Films were synthesized by the pulse arc spraying of graphite
(energy was about 30-100 eV) on silicon substrate.

The Raman spectra are obtained on a Jobin Yvon T64000 spectrometer with excitation
wavelength — 514,5 nm. For determination of thickness and refractive coefficient of films the laser
ellipsometer LEF — 752 (Russia) with the wavelength of 632 nanometers were used. Hardness was
defined by the nanoindentation method on scanning nanoindenters Nanoskan-3D and Nanoskan-4D
(Russia). The structure of the specimens was studied by a plan-view transmittance electron
microscopy (TEM) on JEOL JEM-4000EX and JEM-2200FS microscopes. FTIR spectra are obtained
FT-801 spectrometer (Russia) in range from 2,5 to 16,7 um.

In summary, the films received by the pulse arc method contain elements of the ordered
structures. Blurring of rings in the electron diffraction pattern is explained by presence of preferential
amorphous phase. In the films, received by LIS and end-hall source, the amorphous phase is most
expressed. Significant blurring of rings can be connected with the excess thickness of films (120-
170th). In this case the amorphous phase "hammers" the signal from structural educations.

The work is performed within the Project of NSU: Strategic academic units in the SAE direction
- "Nonlinear photonics and quantum technologies": 2016-2017.

[1] S. Peng, H. Ming, Z. Feng, J. Yi-Qin, L. Hua-Song, L. Dan-Dan, L. Jian, Chin. Phys. B 24,
067803 (2015)

[2] 1. Alexandrou, H. - J. Scheibe, C. J. Kiely, A. J. Papworth, G. A. J. Amaratunga, B.
Schultrich, Phys. Rev. B 60, 10904 (1999)
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AnmazononoOusie yriepomabie (8-C u a-C:H) mneHkH, MOTYT BBICTYNAaTh OJHOBPEMEHHO
IPOCBETIISIIOLIMM M 3aIIUTHBIM HMOKpeITHEM a7 aneMenToB MK onrtuku [1]. CymecTByer pazinyHble
CTPYKTypHBIE (DaKTOpPbI, BIMAIOIIME, HAIPUMEpP, Ha BBICOKYIO TBEpAOCTh MOKpbITHA. Cpenu HHUX
comepkanue SP3-ruOpHaAN30BaHHBIX aTOMOB. ABTOPHI [2,3] COOOMIAIOT O MOBBIIICHHONH TBEPAOCTH
IIICHOK, KOTOPYIO CBS3BIBAIOT C COIEPKAHMEM YIOPAJOUCHHBIX SP° CBA3AHHBIX AaTOMOB B BHJIC
¢bynepeHonog00HBIX, TYKOBUYHONIOJOOHBIX CTPYKTYP B aMmopdHOil yrnepoanoit marpure. [Ipu stom
aBTOPHl YKa3blBalOT HA CBS3b MEXIY OCOOCHHOCTSIMH PAaMaHOBCKHX CIIEKTPOB M pe3yJIbTaTaMu
3JIEKTPOHHON MUKPOCKOITHUH.

B manHO#1 paboTe ncciieoBaHbl CIIEKTPHI KOMOWHAIIMOHHOTO PACCESTHUS CBETa aIMa30Iog00HbBIX
wiéHok (8-C u a-C:H), moiay4eHHbIX HOHHO-TYYEBhIM U TyTOBBIM METOJaMH, C MEJbIO MOUCKA CBSAZH
Mexnay ocobeHHOCcTsiMH crekTpoB KPC w  pesymbpratamMu TPOCBEYHMBAIOIIEH  3IEKTPOHHOM
mukpockomnueit (TEM) BeICOKOTO pa3penieHus.

1- IInéHKkM CHUHTE3WPOBAaHBI W3 HMOHHBIX My4YKoB HH3KWX 3Hepruit (50-300 3B) ¢ momomsio
ucrounnka tuma END-Hole. B o6macte wonmsammu mogaBaics ra3 CH; W yCKOpEHHbBIE HOHBI
OCKIANKCh HA TOUIOKKY M3 MOHOKpuctayuia Si. 2- IInéHku, MOMyYeHHbIE U3 HOHHBIX ITyYKOB
Bbicokux 3Hepruil (10003B), cuHTE3MpOBAIMCH C TOMOIIBI0 WCTOYHMKA HOHOB C a3UMYTaJIbHBIM
npeiidom snekrporoB. B o6macts nonusanuu nogasaicst CsHg 1 noHs! ocaxaanmuchk Ha Si. 3- [Inéukwu,
CHHTE3UPOBAHHBIE HMIIYJIbCHBIM [IyroBBIM CIOCOOOM IpuM  pacmbuieHHHd Tpadura (3HEprus,
npumepHo, 10-300 3B) u ocaxxnanich Ha MOHOKPHUCTAILT KPEMHHUSL.

PamaHOBCKHE CHEKTPhI MOJydYeHbl Ha criekTpomerpe Jobin Yvon T64000 ¢ IMHOH  BOJIHBI
BO30yxaeHnus — 5145 um. [lns ompeneneHus TONIMIMHBI W TIOKa3aTelsl MPEIOMIICHUS IMTOKPBITHIMA
WCTIONB30BaICA JazepHblil ammmumncomerp LEF — 752 (Poccust) ¢ mnmuHO# Bomubl 632 HM. TBepmocTs
ompeessIach METOJIOM HHIACHTUPOBAHMS Ha CKaHHpYHOUIMX HaHoTBepaomepax «HanoCkan-3D» u
«HanoCkan-4D» (Poccus). UccnenoBanue cTpyKTypbl 00pa3ioB MPOBOIMIOCH Ha MPOCBEYMBAIOLINX
aneKTpoHHbIX Mukpockonmax JEOL JEM-4000EX wu JEM-2200FS. Jlns mpobGomnoAaroToBku
MCIIOJIb30BANIACh YCTAHOBKA MPEeM3NOHHON MexaHmdeckoi noiuposku LEICA-EM TXP, na xotopoit
o0pasel yTOHSIICS CO CTOPOHBI MOATIOKKH 10 TONIMHBI 10 — 20 MKM C OCTEIyIOUIMM BEITPABICHUEM
OCTaBILIErocsi MaTepHuajla MOHaMHU aproHa c 3Heprueid 3 — 5 kB Ha ycTaHOBKE MOHHOTO TPaBJICHUS
GATAN PIPS no nosiienust orBepctus. UK cnexTpsl mpomyckanus U moriomieHns n3mepensr Ha MK
¢dypre-criekrpomerpe @T-801 (Poccust) B nuanazone ot 2,5 1o 16,7 Mxm.

YcTaHOBNIEHO, YTO, IUIEHKH, [TOJyYEHHBIE MMIYJIbCHBIM AYTOBBIM METOJIOM, COZIEPXKAT JIEMEHTHI
VIOPSAAOYEHHBIX CTPYKTYp. PasmbiTocTh Kojenm Ha anekrpoHorpamme (TEM) oOwscHsercs
NPUCYTCTBHEM NPEUMYILECTBEHHO amMopdHOil (a3pl. B miu€Hkax, MoaydeHHBIX M3 MOHHBIX ITyYKOB
HU3KUX M BBICOKMX BSHEpruii, Hambosee BbIpakeHa amopdHas ¢asza. CuibHas pa3MBITOCTh KOJIEI]
MOXET OBITh CBsi3aHa ¢ W30BITOYHOW TommmHON MnEHOK (120-170HM). B aTomM cimydae Ha ¢oHe
JUQPaKIMy OT NMPEUMYLIECTBEHHO aMOp(hHON (a3pl CUTHAI OT CTPYKTYPUPOBAHHBIX 0Opa3OBaHUI
NPaKTUYECKU HE3aMETEH.

Paboma eévinonnsemcs 6 pamxax Ilpoexma HI'Y: Cmpamezuueckue akademuueckue eOUuHUybl no
nanpasnenuro CAE-«Henunetinas oomonuxa u xeanmosvie mexronozuuy: 2016-2017.
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Laser-plasma synthesis method of functional nanocomposite silicon carbonitride (SiCN) coatings
from hexamethyldisilazane vapor Si,NH(CHs)s based on the application of the optical pulsating
plasma discharge in combination with high-speed (100-300 m/s) gas flow for the laser plasma-
chemical deposition in reactor at atmospheric pressure. Process parameters allow to deposit the
coatings at a speed of about 1 mkm/min on the surface of structural materials (steel, titanium).
Thicknesses of the coatings produced, usually ranges from 100 to 1000 nm [1]. To measure the
mechanical properties of such objects at the present time is used method of instrumental indentation
(nanoindentation) and the method of application and analysis of scratches (sclerometry) [2].

This paper presents results of a study of mechanical properties of SiCN coatings deposited on the
surface of stainless steel. Measurements were performed with scanning nano-hardness tester
“NanoScan-3D” [2]. The device was equipped with a diamond tip in the form of three-edged pyramid
of Berkovich, which was used in all the studies. The mode of scanning probe microscope was used to
get surface image of the coatings, roughness parameters were calculated. Using nanoindentation
method (ISO 14577) were defined hardness, Young's modulus and elastic recovery of the coatings.
Measurements were made with loadings in the range from 1 to 100 mN, it was done at least 10
indentations for each indent load. Thus, the hardness dependence of coating-substrate system on the
indenter penetration depth was formed. Analyzing this dependence as described in [3] was defined the
hardness of the coating without the influence of the substrate. Sclerometry method with variable load
was applied to evaluate the adhesive strength and coating thickness measurement.

For measurement of wear resistance the tip moved at a constant normal force pressing on a
circular path in contact with the surface. As a result, the dependence of the tip penetration into the
sample's surface on time was formed [4]. Linear wear rate - the ratio of the amount of wear to the way
of friction at which it occurred was chosen as a wear resistance characteristic. Was used a formula
J = Ltv/h, where L - length of scratch (um), t - stroke frequency (1/sec), v - wear time (sec), h - depth
of residual scratches (um) [5]. Thus, wear resistance of the coatings and critical load at which the
destruction of the coating occurs were determined.

It was established that coating hardness was 18-20 GPa, a Young's modulus was 150-200 GPa,
and wear resistance of the coatings was superior wear resistance of the substrate is more than 6 times.

[1] Demin V.N., Grachev G.N., Khomyakov M.N., et.al.//Surface Eng., v.31(8), (2015)628-633.
[2] Gogolinsky K.V., Lvova N.A., Useinov A.S. //Industrial Laboratory, n.6, 2007, vol.73

[3] A.M.Korsunsky, M.R.McGurk, S.J.Bull, T.F.Page //SurfCoatTechnol 99(1998)171-183

[4] Useinov A.S., Kravchuk K.K., Lvova N.A. //Nanoindustry 4(2011)46-50.

[5] V. Blank, M. Popov, G. Pivovarov, et.al.//Diamond and Related Mat., v.8(1999)1531-1535.
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JlazepHO-TUIa3MEHHBIN METOA CHHTE3a (DYHKIHMOHAJIHHBIX HAHOKOMIIO3UTHBIX MOKPBITUN
kapOonutpuaa kpemuus (SICN) u3 napos rekcamermiaucuinazada SiNH(CHs)s ocHoBan Ha
MPUMEHEHUHU TJIa3Mbl ONTHYECKOTO MYIbCUPYIOIIETO pa3psa B COYETAHUH CO CKOPOCTHBIM
(100-300 m/c) moTOoKOM Ta3a jisi JIA3EPHOTO IUIA3MOXUMHUECKOIO OCAKICHHS B PEaKTOPE
arMocdepHoro namieHus. I[lapameTpsl mporecca, MO3BOISMIOT OCAXKIATh IOKPBITHS CO
CKOpPOCTBbIO ~ | MKM/MHH Ha MOBEPXHOCTh KOHCTPYKIIMOHHBIX MaTepuajoB (CTajb, TUTaH).
TonmuHbI MOTyYyaeMbIX MOKPBITUH, Kak mpaBuio, coctaBisiior oT 100 go 1000 um. [1] dus
U3MEPEHUS] MEXAHUYECKHX CBOWCTB MOMOOHBIX OOBEKTOB B HACTOAIIEE BPEMsI MIPUMEHSIOTCS
METO/bl BIAaBIMBAaHUS MHICHTOpA B MarepHall (HAHOWHICHTUPOBAHMS) M METOJ] HAHECEHUS U
aHaJu3a napanut (ckiaepomerpus) [2].

B pabGore mnpuBOmATCS pe3yabTaThl HUCCIEAOBaHHS MeXaHudeckux cBorcTB SICN
MOKPBITUI, HAHECEHHBIX Ha MMOBEPXHOCTh HEepIKaBerolel crtainu. M3mepeHus mpoBOAUINCH HAa
ckanupytonieM HanoTBepaomepe HanoCxkan-3D [2]. ITpuGop Obu1 000pymoBaH anMa3zHBIM
HaKOHEYHHKOM B (popMe TpEXTpaHHON mupaMusl Tuna bepkoBruda, KOTOPHINA MCIIOIB30BAJICS
BO BCEX IMPOBEJICHHBIX HCCIENOBaHUAX. B pexume CKaHHUPYIOIIEro 30HJO0BOIO MHKPOCKOMA
ObUIM  TIONYYEeHBI HM300paKEHUS TOBEPXHOCTH MOKPBITUH, BBIYMCICHBI HapaMeTph
niepoxoBatoctd. Metonom HanomHneHTHpoBaHus (COCT P 8.748-2011) omnpeneneHb
TBEPIOCTh, MOAYNb FOHTa 1 ynpyroe BoccTaHOBIIEHUE TOKPHITHI. VI3MepeHust MpoBOAMINCE C
Harpy3kamu B auanasose ot 1 go 100 mH, npudem 1t Kax10i1 Harpy3ku Je1anoch He MeHee
10 wnapentoB. Takum oOpa3oM, QopMupoBaach 3aBUCHMOCTH TBEPAOCTH CHCTEMBI
HOKPBITHE-TIO/VIOKKA OT ITYOUHBI BHEAPEHUS] HHACHTOPA. AHAIU3UPYS JaHHYIO 3aBUCUMOCTb
no metomauke [3] ompenensnaack TBEPAOCTh MOKPHITHS 0€3 BIMSHUS MOMJIOXKKH. Meron
CKJIEPOMETPUH C MEPEMEHHON HATPY3KOM MPUMEHSIICS ISl OLIEHKU aATr€3MOHHOW MPOYHOCTH
U M3MEpPEeHHs TONIIMHBI NOKpHITUH. [l M3MepeHHs HM3HOCOCTOMKOCTH HAKOHEUHUK
IepemMeraiIcs NMpyu NOCTOSHHONW HOPMAaJbHOM CHWJIE IPH)KMMA II0 KPYrOBOW TPAeKTOPHM B
KOHTAKT€ C MIOBEPXHOCTHIO. B pe3ynbrare nonydann 3aBUCUMOCTD 3arTyOJIeHUs HAKOHEUYHUKA
B MOBEPXHOCTh OOpas3la oT BpeMeHM [4]. B kauecTBe XapaKTEpUCTHKH H3HOCOCTOHKOCTH
BHIOMpAsach JIMHEHHAass WHTEHCHUBHOCTh WM3HAIIMBAHUS — OTHOUICHWE BEIMYMHBI M3HOCA K
IYTH TPEHUsI, HA KOTOPOM OH mpoucxoaui. Vcrnons3oBanace popmyna J=Ltv/h, rae L — amuna
HapanuHel (MKM), t — gactora xozia, V — Bpems u3Hoca, N — mIyOMHA OCTATOYHOM IApalHHbBI
(MxMm) [5]. Takum oOpa3oMm Obula ornpeneraeHa W3HOCOCTOMKOCTh MOKPBITHH M KpUTHYECKast
Harpy3ka Ipu KOTOPOW MPOMCXOAMT pa3pylI€HHE MOKPHITHS. YCTAHOBIEHO YTO TBEPIOCTb
nokpeituit nocruraer 18-20 I'Tla, momxyns FOnra 150-200 I'Tla, a ©3HOCOCTOMKOCTH MOKPHITUI
MIPEBOCXOIUT U3HOCOCTOMKOCTh TIOITIOKKHU OoJiee 4eM B 6 pas.

[1] Demin V.N., Grachev G.N., Khomyakov M.N., et.al.//Surface Eng., v.31(8), (2015)628-633.

[2] K.B. l'oronunckuii, H.A. JIeBoBa, A.C. Ycennon//3aBojickas gaboparopus, Ne6, 2007, 1.73

[3] A.M.Korsunsky, M.R.McGurk, S.J.Bull, T.F.Page //SurfCoatTechnol 99(1998)171-183

[4] A. Yceunos, K. Kpapuyk, H. JIbBoBa //Hanounmycrpus 4(2011)46-50.

[5] V. Blank, M. Popov, G. Pivovaroy, et.al.//Diamond and Related Mat., v.8(1999)1531-1535.
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Carbon nanotubes (CNT) have been attracted the top attention of scientific community
during the last 25 years. This is due to the unique set of the properties of carbon nanotubes
such as mechanical, electrical, structural, as well as high thermal conductivity. Such an
outstanding feature makes carbon nanotubes a promising material for a wide range of
applications: from constructions to aerospace, from medicine to energy storage, from
electronics to catalysis etc.

However, despite the great efforts devoted to the investigation of carbon nanotube
synthesis, processing, and applications, the implementation of CNTs into the human life is
still limited. For instance, polymer composites of carbon nanotubes are considered to change
the properties of matrix dramatically allowing possible wide applications as construction
material. Nevertheless, the issues of the CNT distribution in matrix as well as achievement of
the tailored level of adhesion have not been solved. Moreover, CNTs are happened to be a
class of materials of different characteristics. In spite of greater characteristics provided by
single-walled carbon nanotubes with respect to multi-walled once, the difference in price
between these two classes of CNT is as big as 3 orders of magnitude. This limits application
of polymer composites based on single-walled CNTs only to the aerospace industry. Thus,
only the systematic investigation with carbon nanotubes with tailored properties (i.e. diameter,
length, the amount and defectiveness of graphene walls, morphology, and the chemical
composition of the surface etc.) allows one to tune such fundamental characteristics of
composite materials as the quality for the distribution of reinforcement, as well as its adhesion
with matrix.

The aim of the present work is to examine the properties the systematic set of polymer
composites with multi-walled carbon nanotubes (MWCNTs) of different characteristics
(length, diameter, and the chemical composition of the surface) obtained via different
techniques. We have found that the fine dispersion of MWCNT agglomerates, which cannot
be achieved via ultrasound treatment, reduces the percolation threshold of
polymethylmethacrylate composites more than three times. We have also observed chemical
functionalization of MWCNT surface to have a great impact on the adhesion with different
matrices. We have shown that different ranges of characterizes are needed for different
applications of carbon nanotubes. For example, MWCNTs of low diameter provide polymer
composites of higher electrical conductivity and lower percolation threshold when compared
to thicker nanotubes. However, while studying the thermal conductivity of the composites, the
situation is vice versa. This phenomenon can be attributed to a relative amount and
defectiveness of carbon nanotubes of different diameter.

This study was partially supported by grant of the Ministry of Science and Education of

RFMEFI160714X0046. Authors would like to acknowledge Ph.D. M.A. Kazakova, Ph.D. I.N.
Mazov, and Ph.D. E.N. Tkachev for helpful assistance at different stages of the study.
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3a mocnenHue 25 neT oMHUM U3 HanboJee aKTHBHO M3yYaeMbIX MaTEpUAJIOB CTAIH YIJIEPOAHBIC
HaHoTpyOKH (YHT). IlomoOHBIN MHTEpec OOYCIIOBIEH HMX YHHUKAaIbHBIM HAaOOpPOM CTPYKTYpPHBIX,
MEXaHMYECKMX U TEIUIOPU3NUECKUX XapPAKTEPUCTHK, KOTOPBIH OTKPHIBAET IIUPOKUH Kpyr
MOTCHIUANBHBIX TPUMEHEHUH YIIIEpPOJHBIX HAHOTPYOOK, OXBAaTHIBAIOUIMM pas3iuyHble cdepbl
YeJIOBEUECKOH  KHU3HEICATEIIbHOCTU: CTPOMTENIbHAsT M adpPOKOCMHUYECKash POMBILIUICHHOCTH,
MeIMILIMHA 1 KOHCTPYKIIMOHHBIE MaTepHaibl U T.1.

Tem He MeHee, HECMOTPS Ha BBICOKYIO TIEPCIIEKTHBHOCTD M 3HAYMTENBHBIA 00bEM BBITOTHEHHBIX
UCCIIeIOBAaHUH TOJIMMEpPHBIE KOMIIO3UTHI HA OCHOBE YIJIEPOIHBIX HAHOTPYOOK J0 CHX MOpP HE HAXOIAT
IIMPOKOTO TIPUMEHEHMsI, YTO CBS3aHO, B TIEPBYI0 OdYepenb, CO CIOXHOCTHIO PaBHOMEPHOIO
pacnpesneneHsl apMUpPYIOIIero KOMIIOHEHTa B MaTpHulle W JIOCTIKEHHS HeOoOXOAMMOIO YpPOBHS
aare3uy Mexny HumH. bonee Toro, yrneponHsle HAHOTPYOKH NPENCTABISIIOT COOON IIMPOKUI KIlace
MaTepuanoB, KOTOPbIE MOTYT 3HAYUTENBHBIM 00pa30M OTIMYATHCS MO XapaKTepUCTUKaM W 1eHe. Tak,
HECMOTPS Ha TO, YTO MHOTOCJIOMHBIE HAHOTPYOKH 00ECTIIEYMBAIOT HECKOIBKO XYAIINE XapaKTePHUCTUKU
MaTepraioB, YeM OIJHOCIIOWHBIC, MPAKTUYECKH THICSUEKpaTHAs Pa3HULA B UX LEHE NPaKTHYECKU
WCKITIOYAET HIMPOKOE MPUMEHEHNE KOMIIO3UTOB OIHOCTIONHBIX HAHOTPYOOK, KPOME adpOKOCMHUECKON
MPOMBIIIEHHOCTH. BO3MOXHOCTh e KOHTpPOJII CTPYKTYpPBHl YIJIEPOAHBIX HAHOTPYOOK, HX
MOpGOIOTUM M COCTaBa IOBEPXHOCTH OTKPBIBAET BO3MOXKHOCTU MJISI TOHKOTO KOHTPOJISI TaKHX
(byHIaMEHTaJbHBIX  XapaKTEPUCTHUK  KOMIIO3MIMOHHBIX  MAaTepualioB, KaK  T'OMOTE€HHOCTb
pacpesieNieHns: apMUPYIOIEro KOMIIOHEHTa U padoTa aAre3uy Ha rpaHuIle pasziena (a3 ¢ MaTpuIei.

B Hacrosmed paboTe mpuBENEH CHCTEMAaTHYECKHHA aHaIM3 BIMSHMUSA TaKUX I[apaMeTpoB, Kak
JUIMHA, JMaMeTp, XUMHUYECKHH COCTaB MOBEPXHOCTH MHOTOCIONHBIX YIVIEPOAHBIX HAaHOTPYOOK
(MYHT) u cnoco0 uX BBEJCHHUS B MOJMMEPHYIO MarTpHIly Ha CBOWMCTBA MOMYYaeMBIX MaTEPHANIOB.
ITokaszano, 4to paspyueHue BTOpu4HbIX artomepatoB MYHT, kotopoe He MOXeT OBITH TOCTUTHYTO
00paboTKOi yIBTPa3ByKOM, MO3BOJIICT CHU3UTh IOPOT MEPKOJISAINU KOMIIO3UTOB Oojiee 4eM B 3 pasa.
Bapuanust XumMrueckoro coctaBa MoOBEpXHOCTH HAaHOTPYOOK, B CBOIO OYepeb, MO3BOJISIET yIPABIAThH
UX aaresuedl ¢ 3aJaHHbIM MojauMepoM. [lokazaHo, 4TO IS pa3iIMYHBIX NPHIOKEHHH KOMIIO3UTOB
ONTHMAJIBHO HCIONb30BaTh HAHOTPYOKM CO CHELMANbHO 3aJaHHBIM JUIS Cioydas HabopoM
XapakTepucTUK. Tak, yMEHBIIEHHE TUamMeTpa HaHOTPYOOK MPHUBOAMUT K YBEIUYECHUIO MPOBOAMMOCTH
KOMIIO3UTOB IPU IMOCTOSIHHOM JI0JI€ apMHUPYIOLIET0 KOMIIOHEHTa, yMEHbIIAs MPH 3TOM KO3(GUIMEHT
TEILIONPOBOAHOCTH.

Hacmosuwas paboma noooepocana epanmom MunObpHayxu P® RFMEFI60714X0046. Aesmoput
svipasicarom onazooaprocms k.X.H. Kasaxoeoi M.A., x.x.n. Mazogy U.H., kx.n. Kauegy E.H. 3a
YeHHble KOHCYIbMayul U NOMOWb HA PA3TUYHBIX dMANAX UCCIe008AHUAL.
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Nowadays fuel cells with polymeric proton exchange membrane (PEM FC) are
considered as alternative and clean energy sources. Fuel for PEM FC is hydrogen. The Hy-rich
gas (reformate) obtained from catalytic conversion of hydrocarbon fuels with subsequent CO
water gas shift reaction usually contains 0.5-2.0 vol.% CO, which poisons the PEM FC anode
catalyst and must be removed to a level below 10 ppm. Selective CO methanation is one of
the promising methods for CO removal from hydrogen-rich gas mixtures. However, the
reformate typically contains about 20 vol.% CO, and 10 vol.% H,O. In this case undesirable
CO, methanation and reverse water—gas shift (RWGS) reactions may occur, causing
considerable consumption of hydrogen and increasing CO outlet concentration. Therefore,
there is a need for highly active and selective CO methanation catalyst that prevent both
undesirable CO, methanation and RWGS reactions. Recently, we have shown that Ni/CeO.-
based systems are efficient catalysts for selective CO methanation [1-3].

In this work we show the results on the comparative study of the CO selective
methanation in the realistic Hp-rich gas mixture containing 1 vol.% CO, 10 vol.% H,0 and 20
vol.% CO, over free and halogen (F, CI, Br) promotion Ni/CeO, catalysts. Catalytic
performance of the Ni/CeO,, Ni(F)/CeO,, Ni(Cl)/CeO, and Ni(Br)/CeO, catalysts were
studied in the reaction. BET, XRD, HRTEM, EDX, XPS and CO chemisorption techniques
were used for catalysts characterization. The Ni/CeO, catalyst was prepared by incipient
wetness impregnation of ceria support by nickel(ll) nitrate. Halogen-promoted Ni(F)/CeO,,
Ni(CIl)/CeO, and Ni(Br)/CeO, catalysts were prepared by treatment of Ni/CeO, by the
aqueous solutions of NH4F-HF, NH4Cl and NH4Br respectively. It was shown that halogen
ions strongly influence on the catalytic properties in the CO preferential methanation: fluorine
does not change catalytic activity; chlorine inhibits CO, methanation activity providing high
selectivity towards CO methanation; while bromine totally inhibits both CO and CO,
methanation activity. This phenomenon was associated with the formation of halogen-
containing surface species and bulk phases in the halogen-promoted Ni/CeO, catalysts. Only
Ni(Cl)/CeO, catalyst showed sufficient performance in selective CO methanation, in contrast
to Ni(F)/CeO, and Ni(Br)/CeO,. Ni(Cl)/CeO, catalyst showed much higher CO cleanup
efficiency and provided CO removal from reformate gas to the level of < 10 ppm. In
particular, [COJout < 10 ppm and Sco ~90+50% were reached at at 285+335 °C for
Ni(Cl)/CeOs.

This work was supported by project V.44.2.9 and RFBR Grant 14-03-00457-a

[1] M.M. Zyryanova, P.V. Snytnikov, R.V. Gulyaev, Yu.l. Amosov, A.l. Boronin, V.A.
Sobyanin, Chem. Eng. J., 189, 238 (2014).

[2] M.V. Konishcheva, D.l. Potemkin, P.V. Snytnikov, M.M. Zyryanova, V.P.
Pakharukova, P.A. Simonov, V.A. Soobyanin, Int. J. Hydrogen Energy., 14058, 40 (2015).

[3] M.V. Konishcheva, D.l. Potemkin, S.D. Badmaev, P.V. Snytnikov, E.A. Paukshtis,
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B Hacrosiiee BpeMsi SHEProyCTaHOBKM Ha OCHOBE TOIUIMBHBIX 3JIEMEHTOB C IOJIMMEPHOU
nporoHoOMeHHOW MemOpanoit (IIOMTD) paccMmarpuBaiOTCsi Kak —ajbTEpPHATUBHBIE U
SKOJIOTMYECKM YHCTbIE HCTOYHMKU 3eKTposHepruu. TommmeBoM mnsa [IOMTO saBnsercs
BOJIOPOJI, KOTOPBIA MOXKET OBITH MOJIyYeH TOCPEICTBOM KaTaJTUTHYECKON MapOBOi KOHBEPCUU
YIJIEBOJOPOOB B CHHTE3-Ta3 M €ro  IOCJIEAYIOIIEro  KOHAWLMOHUPOBaHUS B
BOJIOPOJICOZICpKAIIMI ra3 ¢ He3HauuTenbHbIM (~10 ppm) coxepkaHueM MOHOOKCH[IA
yriiepoaa. OQHUM U3 BO3MOXHBIX METOJIOB CTOJIb TOHKOM OYMCTKH BOIOPOICOEPIKALIETO ra3a
OT MOHOOKCHJA YIIepojia SBISETCS OYMCTKA IPU IOMOIIM KaTaJUTHYECKON peakiuu
cenekTuBHOro Metanupoanus CO B MPUCYTCTBUU JUOKCHUJIA yIiiepoa. bbuio mokazaHo, 4To
Ni/CeO, karamu3aropbl sSBISIOTCS aKTUBHBIMH B PEAKI[MH CEICKTUBHOrO MetanupoBanus CO
[1,2]. Opmnako, Bompocekl BiusiHHS coctaBa W cTpykrypsl Ni/CeO; xkaranuzaropoB Ha
AKTUBHOCTH M CEJIEKTUBHOCTH OCTAIOTCS OTKPBITHIMHU.

B nanHOl paboTe MpeacTaBIEHbl pPE3YNbTaTbl COMNOCTABUTEIBHOTO HCCIEJOBAHUS
3aKOHOMEPHOCTEN MPOTEKAHUS PEAKIUM ceraekTUBHOro metanupoBaHust CO B mpucyTCTBUU
CO,; B BOAOPOACOIEPXKALIUX CMECSIX Ha XOpPOIIO OXapaKTepPH30BAHHBIX  (PU3UKO-
xumuaeckumu meronamu (POA, TIOM, POSC, xemocopbiuss CO) Ni/CeO, karammsaropax.
PaccmoTpensr BOIIpOCHl BIMSHUS J00ABOK TalIOTEHOB M CHOcCO0a TPUTOTOBICHHUS Ha
KaTaJIUTUYECKUE CBOMCTRA.

Karanuzarop Ni/CeO, roroBmiIn mpornuTKoit 1mo BiaroeMkoct mopoiika CeO, BOAHBIMH
pactBopamu Hutparta Hukens (II) ¢ mocnenyromieit cymkoi u BoccTaHOBIeHHEM B TOke Haj.
Jns uccnenoBaHusl BIMSHHUS J00aBOK TallOTEHOB Ha CENEKTUBHOCThH KaTanuzaropa Obuid
npuroroBieHbl Ni(F)/CeO,, Ni(Cl)/CeO, u Ni(Br)/CeO; obpa3us ob6padotkoit Ni/CeO;
karanusaropa BogHbM pactBopom NH;F-HF, NH,Cl u NH4Br, cootBercTBenHo. Karanuzarop
Ni(F)/CeO2 ob6namaer uuskoii cenekruBHocThiO, Ni(Br)/CeO, He akTHBeH B peakiuu
cenektuBHoro MeranupoBanus CO. Karamuzarop Ni(Cl)/CeO, cnocoben cHukarb
koHueHTpanuo CO 1o ypoBHs Hike 10 ppm B HMIMPOKOM TeMIEpaTypHOM JHana3oHe MpH
BoIcOKOU cenexktuBHOCTH. Ha moBepxunoctu Ni(Cl)/CeO, karamuzaropa obpasyercs ¢asza
CeOCl, koropast uarubupyer meranuponanue CO; [2,3].

[1] M.M. Zyryanova, P.V. Snytnikov, R.V. Gulyaev, Yu.l. Amosov, A.l. Boronin, V.A.
Sobyanin, Chem. Eng. J., 189, 238 (2014).
[2] M.V. Konishcheva, D.l. Potemkin, P.V. Snytnikov, M.M. Zyryanova, V.P. Pakharukova,
P.A. Simonov, V.A. Soobyanin, Int. J. Hydrogen Energy., 14058, 40 (2015).

[3] M.V. Konishcheva, D.l. Potemkin, S.D. Badmaev, P.V. Snytnikov, E.A. Paukshtis,
V.A. Sobyanin, V.N. Parmon, Top Catal., DOI 10.1007/s11244-016-0650-7 (2016).
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B-C-N system phases based films are promising hard coatings. Unfortunately, they cannot
be widely used in industry because of the crystallization started at high temperature. It leads
to degradation of the film functional properties (for example, adhesion and Young's modulus).
One of the problem solution ways is using four-component Si-B-C-N system based materials
that possess the same mechanical characteristics and keep the amorphous state up to 1400°C.

This work is devoted to the synthesis and characterization of new organoboron-silicon
compounds, which are potential precursors in film deposition by CVD technique. The most
available CVD-precursor was chosen based on the equilibrium vapor pressure study
depending on temperature. The SiBxCyN, films were produced by low pressure chemical
vapor deposition (LPCVD) and their composition and structure depending on growth
conditions were investigated.

A new organoboron-silicon compounds such as MeB[N(SiMe3).]. (1),
HC=CBJ[N(SiMe3)2]> (2) and Me3SiC=CB[N(SiMe3);]> (3) were produced by reaction
between FB[N(SiMes),], and MeLi, NaC=CH, Me3SiC=CLi, respectively. The compound
composition and structure were verified by NMR, FTIR, Raman spectroscopies. The
equilibrium vapor pressure dependencies on temperature were measured by static tensimetry
method with glass-membrane zero manometer using. The enthalpy and entropy of
vaporization were calculated from tensimetry data. The collected tensimetry data comparison
showed that compound (3) is the most volatile from room temperature to 140°C. Further
mixture of this compound and additional das was used for the SiBxCyN, film deposition by
LPCVD technique. The partial vapor pressures of additional gas was in the range of 0-2.2-10-
2 Torr. The EDS and XPS researches showed that carbon, boron, silicon and nitrogen are main
film components. Si-C, Si-N, Si-CHs, B-N and B-C bonds were detected in films by FTIR
spectroscopy. According to Raman data it was found that there is amorphous carbon
inclusions in the films deposited at high temperature. The film surface was investigated by
SEM and AFM. The refraction index increases from 2.4 to 2.7 under rising deposition
temperature. The film transparency increases and achieves a more than 80% value in case of
ammonia as additional gas. The SiBxCyN, coating hardness and Young’s modulus values were
studied by nanoindentation.

The reported study was funded by RFBR according to the research project No. 16-33-00404

MOn_a.

74



CHUHTE3 ¥ CBOMCTBA MATEPHUAJIOB B CUCTEME B-Si-C-N

N.C. MepeHkoB
HUncmumym neopeanuueckoti xumuu um. A.B. Huxonaesa, 630090, np. axao. Jlaspenmuvesa, 3,
Hosocubupck, Poccus
e-mail: merenkov@niic.nsc.ru

[Inenkn nHa ocHoBe (a3 cucrembl B-C-N SBISIOTCS MEpCHIEKTHBHBIMH  YIIPOYHSIOLIMMEI
nokpbITisiMi. K cokanieHnro, OHM He MOTYT IIMPOKO HCIIONBb30BaThCS B MPOMBIIUICHHOCTH U3-3a
KPUCTAIM3ALHH, [IPOTEKAIOIIEH TIPU BBICOKHX TeMIIepaTypax. IT0 MOXKET IPUBECTH K JIeTpaIaliu
(YHKIMOHAIBHBIX CBOMCTB IUICHOK (Harmpumep, amaresund u momynst FOnra). OgHuM u3 perieHuii
JIAHHOW TIPOOJIEMBI SIBIISICTCSL MCIOIB30BAaHUE MaTepHalloB Ha OCHOBE (ha3 YeThIPEXKOMITOHEHTHOM
cucrembl Si-B-C-N, kotopbie 005afaroT COMOCTaBUMBIMUA MEXaHHYECKUMH XapaKTEPUCTHKAMU H
COXpaHsIOT aMop(hHOE cocTosiHue BIUIOTH 10 1400°C.

JlaHHast paboTa MOCBSIIEHa MOTYYEHHIO U XapaKTepU3ali HOBBIX KPEMHHIA- OOpOPraHIIeCcKUX
COCIMHEHH, KOTOPBIE SIBIISFOTCS TIOTEHIMAIBHBIME TPEAIICCTBEHHUKAMU JUTSI OCAK/ICHUS TUICHOK B
nporieccax CVD. Haunbornee momxonsiwii mpe/ecTBEHHUK ObLUT BRIOPAH HA OCHOBE UCCIICIOBAHIS
TEMIICPATyPHBIX 3aBUCHMOCTEH JaBICHUs HACBIIICHHBIX napoB coemuHeHnid. [lnenkn SiByCyN,
o momydeHsl MetonoM LPCVD. Beum mccnemoBaHbl 3aBUCUMOCTH W3MEHEHHWS COCTaBa M
CTPYKTYpHI IUICHOK B 3aBUCHMOCTH OT YCIIOBUI OCaKICHHSI.

Hogsle Gopkpemuuiioprannueckue coemunenns - MeB[N(SiMes),], (1), HC=CB[N(SiMes),].
(2) u Me;sSIC=CB[N(SiMe3)]> (3) obum cuntesupoBansl u3 FB[N(SiMe;),],, MeLi, NaC=CH u
MesSIC=CLi. CoctaB u CTpOCHHE COCIMHCHHI ObUIM TMOATBEPKICHBI ¢ moMoribio SIMP-, K- u
KPC- cnekrpockormii. TemreparypHble 3aBUCUMOCTH JABJICHHSI HACBHIILICHHBIX MAPOB COSIMHEHMUIA
ObUIM OrmperesieHbl METOZIOM TEH3UMETPUH C MCHIONIB30BAaHIEM MEMOpPAHHOTO HyJlb-MaHoMmerpa. M3
JTAHHBIX TEH3UMETPUM OBUIM pPACCUMTAHbl SHTAJIBIMM W SHTPONMH uchapeHus. CpaBHeHHE
HOJTY4YeHHBIX JIaHHBIX II0KA3aJ0, YTO HAWOOJNBIICH JIETY4eCThIO B HMHTEpBAJIE OT KOMHATHOW
temreparypbl 10 140°C obmamaer coemuHenue (3). BrocnenctBum iaHHOE COCMHEHHE OBLIO
UCTIONB30BaHO U1l momydeHns 1ieHoOK SiB,CyN,. OcakaeHne IUICHOK IPOBOIMIOCH METOIOM
LPCVD B mpoTouHOM KBapileBoM peaktope Ha momiokkd Si(100) u KBapieBoro crekia ImpH
temreparypax 850-1000°C kak u3 coequHenns (3), TaKk U U3 €0 CMECH C aMMUAKOM B Pa3IMIHBIX
cooTHomeHusIX. VcenenoBanue 2IeMEeHTHOTO COCTaBa IUICHOK C TMOMOIIBIO SHEPTOIMCIIePCHOHHOM
CIIEKTPOCKOIHMH TOKAa3aJI0, YTO OCHOBHBIMU KOMITOHEHTAMH IUIEHOK SIBJISIOTCS yriepon (o 75%), a
Tarke KpeMHui, 00p 1 a30T (kaxaoro 10 15%). B UK-criekTpax rieHOK B 3aBUCUMOCTH OT YCIIOBHIA
SKCIIEPUMEHTa ObLTH OOHAPY)KEHBI TONOCHI KoseOaHmii, cootBeTcTByronme cszsim B-N, B-C, Si-C,
Si-N u Si-CHs;. Hamune BriroueHmii aMopgHOro yriepona ObLIo OOHAPYKEHO CHEKTPOCKOHEH
KPC. TloBepXHOCTh IUICHOK, W3Y4E€HHAass C FWCIOIb30BAHAEM CKAHHMPYIOIIETO AJIEKTPOHHOTO
MHKPOCKOIIA, OJTHOPOIHAS C BUIMMBIMU HEPOBHOCTSIMH B BHJIE IIAPOOOPA3HBIX OOBEKTOB pasMepaMu
70 100 um. [lokazarens MpesoMIIeHHsI C POCTOM TeMIIepaTyphbl CHHTE3a IICHOK YBEIMYMBACTCS OT
2.4 o 2.7. I1po3padHOCTh TUICHOK YBETMYUBACTCS C YBEIIMYEHUEM COIEPYKAHUS aMMHUAKa B UCXOTHOU
ra30BOM CMECH M J0cTUraeT 3HadeHuu >80%.

Hccneoosanue svinonmero npu ¢hurarncosoti noooepocke PODU 6 pamkax nayurnozo npoexkma Ne
16-33-00404 mon_a.
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The use of new technologies for surface modification is a common trend in the
development of many branches of science and technology. One of the most important
directions is the surface modification of fluorocarbon polymer thin films with high
hydrophobic and dielectric properties. Such coatings can protect the surface from corrosive
liquids, to increase the heat transfer coefficient, to give the surface a high dielectric and
antifriction properties, etc. it is Obvious that the above properties depend mainly on the
structure of the resulting film. Thus, there is a need to develop methods of structure of the
deposited film. There are two main approaches to obtain films of polymers from solutions and
gas phase. The use of liquid-phase methods for obtaining the fluoropolymer is hampered by
its poor solubility in various solvents. Existing methods of deposition of fluoropolymer films
from the gas phase, such as plasma polymerization precursors [1], magnetron sputtering [2],
laser deposition [3], activating a gas precursor on the catalytic surface, followed by deposition
of a fluoropolymer on a substrate [4,5] needs to be improved and studying the ongoing
processes.

The presented work focuses on the development of the method of deposition of
fluoropolymer films from a gas phase activated catalyst hot wire (HWCVD). The method
allows managing the structure of the resulting film by changing process parameters of her
deposition. These settings include: temperature of the filament of an activator, substrate
temperature, gas pressure, precursor during the deposition process, the distance to the
substrate.

The surface morphology and coating thickness were determined by the methods of
scanning electron microscopy (SEM) using the JEOL JSM-6700F microscope. The contact
angle of the coating with water was measured by DSA-100 KRUSS device with high-
precision system of liquid supply.

The research is shown a significant influence of parameters of deposition process
(temperature of the activator, pressure) on the structure of the deposited fluoropolymer film.
As materials of the substrate for deposition was used stainless steel, copper, glass, silicon.

The research of the obtained samples showed that the obtained films depending on their
structure show hydrophilic, hydrophobic, and superhydrophobic properties.

This work was supported by the Grant of President of Russian Federation MK-
5052.2016.8.
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Vcnonb30BaHNEe HOBBIX TEXHOJOTHH Ui MOJAM(HKALWK TOBEPXHOCTH - 3TO 0OmIas
TEHJEHIMSI Pa3BUTHS MHOTHX OTpacied Haykd M TexHUKH. OJHUM W3 BaXKHEHIINX
HalpaBJIeHUH  sBIsieTcss MOAM(UKAIMS [OBEPXHOCTH TOHKUMM  (TOPIOJIUMEPHBIMU
IUIEHKaMH, O0JIQJIalOIMMU BBICOKMMHU THUAPO(GOOHBIMU M JAUAIEKTPUYECKUMH CBOWCTBAMHU.
Takve TOKPBHITUS CIOCOOHBI 3aIIMIIATH TOBEPXHOCTh OT AarpeCCHUBHBIX JKUAKOCTEH,
YBEJIUYUTh KO3(DOUIUEHT TEIUIO0T/Aauu, IPUIAaTh NOBEPXHOCTH BBICOKHE JUAIEKTPUYECKHUE U
aHTU()PUKIIMOHHBIE CBOICTBA M T.J1. OUEBUIHO, YTO BBIIIECTIEPEUNCICHHBIE CBOWCTBA 3aBHCAT
B OCHOBHOM OT CTPYKTYpBI IIOJlydaeMoi IJIeHKU. TakuM 00pa3oM, CylecTByeT NOTPeOHOCTh
B pa3pabOTKe METOJOB YIPABICHUsS CTPYKTYypoH ocaxkgaemoil ruieHku. CylecTByeT Ba
OCHOBHBIX NOAXOJa K IOJYYEHHUIO IUIEHOK IMOJIMMEpPOB: W3 PACTBOPOB M Ta30BOi (ha3bl.
Hcnonp3oBanue XUAKO(PA3HBIX METOAOB JUIsl MOJydeHUs (PTOpIOIMMEpPA 3aTpPyIHEHO €ro
IUIOXOM PacTBOPHUMOCTBIO B PA3JIMYHBIX pacTBOpUTeNsaX. CylecTBYIOIINE METOIbl HAHECEHUS
(GTOpIOTMMEPHBIX TUIEHOK M3 Ta30BOM (a3pl, TakWe Kak: IUIa3MEHHAs ITOJIMMEPH3aIus
neppropmoHoMepoB [1], MmarHeTpoHHOE [2], Ta3epHOE pacHblICHUE MUILIEHHU, aKTUBALUs ra3a
— TMpeNlIecCTBEHHHKA Ha KAaTaJIUTHYECKOW IOBEPXHOCTU C MOCIEAYIOIUM OCaXJICHHEM
dTopnonumepa Ha TomIoKKe [3,4] HyKITaeTCs B COBEPIICHCTBOBAHWU W W3yUCHHH
MPOUCXOISIINX TIPH STOM IPOLIECCOB.

[Ipennaraemas pabota HampaBieHa HAa pa3BUTHE METO/A OCaXJIEHHUs (DTOPHOIMMEPHBIX
IUIGHOK W3 Ta30BOHM (Da3pl, aKTHMBHPOBAHHOW TOPSYMM IPOBOJIOYHBIM KaTaJIH3aTOPOM
(HWCVD). Merton mno3BosieT ynpapisTh CTPYKTYpOW IOJIydaeMoOil IUIEHKM H3MEHEHHEM
napameTpoB Ipouecca e€ ocaxxaeHud. K Takum mapamerpaMm OTHOCSTCA: TeMIleparypa HUTH
aKTUBaTOpa, TeMIepaTypa MOAJIO0KKH, JaBJIeHUE ra3a IpeaIIeCTBEHHUKAa BO BpeMs Ipoliecca
OCaXXJIEHUSl, PACCTOSHUE /10 TIOAJIOKKH.

ITpoBenéHHbIE HCCIEAOBAaHUS MMOKAa3aJId CYIECTBEHHOE BIUSHHME MapaMeTpoB Ipoliecca
ocaxJeHus (TeMmmeparypa aKTUBaropa, JaBJICHUE) Ha CTPYKTYpy OCaXKIaromencs
¢dTopnonuMepHOil TMieHKUM. B kauecTBe MarepualioB MOMJIOKKH Ui OCaXJEHUs ObLIN
UCIIOJIb30BaHbl HEp KaBerollast CTajlb, MeJlb, CTEKJI0, KPEMHU.

N3ydenne ruapopoOHBIX CBOMCTB MOMYyYEHHBIX OOpa3LOB MOKa3ajo, YTO IMOJYyYEHHBIE
IUIGHKA B 3aBUCHMOCTH OT HX CTPYKTYPHl TIOKa3bIBalOT, Kak TUAPO(QHUIBHBIE, TaK
rusipooOHbIe U cynepruapodoOHbIe CBOWCTBA.

[1]. H. Yasuda, Plasma Polymerization, Academic Press, 442, (1985).

[2]. W.-C. Wang, Plasma Process. Polym., 4, 88-97, (2007).

[3]. K.S. Lau, J.A. Caulfield and K.K. Gleason, Chem. Mater., 12, 3032-3037 (2000).

[4]. A.K. Rebrov, A.l. Safonov, N.I. Timoshenko, Technical Physics Letters, 35:5, 395-396, (2009).
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Composite materials based on dielectric polymers matrixes with various conductive
inclusions are promising materials for different electromagnetic applications. Carbon
nanomaterials have attracted interest as fillers due to the extremely high shielding efficiency at
different frequency ranges [1-3]. Electromagnetic characteristics of composite depend on many
factors, such as geometry, length, defectiveness, concentration and orientation of filler in the
matrix. Variation of any of these parameters could drastically change property of composite
materials.

Here we demonstrate some effects of interaction of electromagnetic radiation with
composites with various carbon fillers. Different carbon materials like nanotubes, onion-like
carbon and reduced graphene oxide were used as fillers for composite preparation. The
electromagnetic response from obtained samples was investigated in the THz, GHz, visible and
low-frequency regions. The efficiency of stretching and forge-rolling techniques for anisotropic
composite production was demonstrated. Different anisotropic transmission at THz, visible and
low frequency region depend on the method of composite production was found. Influence of
fabrication on the structure and properties of obtained carbon filler/polymer composite was
discussed.

Authors would like to acknowledge the support of the Russian Foundation for Basic
Research (Grant Ne 16-32-50107).
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Ce:Cs;,LiYClg(CLYC) neutron scintillator has high light yield (70,000 photons/neutron)
under thermal neutron irradiation and it is expected to be applied to a next-generation neutron
detector[1]. While the decay curve has a fast component (~35 ns), it also contains the slow
decay component (~2 us) which deteriorates its scintillation properties. Thus, it is necessary
to perform further material researches of the Ce:CLYC single crystal. On the other hands, we
developed the halide-micro-pulling-down (H-u-PD) method to grow hygroscopic single
crystals such as like CLYC at high growth rate compared to the Bridgman method with a
quartz ample. The Bridgman method was the general method to grow the halide single crystal.
And, there was no reports for crystal growth of the Ce:CLYC single crystal by H-[1-PD
method. Therefore, in this study, we developed growth technique of the CLYC single crystal
by the H-u-PD method and evaluated the scintillation properties to compered with the
Ce:CLYC grown by the Bridgman method.

Undoped and Ce doped CLYC single crystals were grown by the H-u-PD method with the
nominal compositions of Cs,Li(Y1.Cex)Clg, (x = 0.000, 0.005 and 0.010). The grown crystals
were prepared using (a)raw powder and (b)pre-melted raw material as a starting material,
respectively, as shown in Fig. 1. The Grown undoped CLYC crystal using raw powder as
starting material looked cloudy, and secondary phases were observed by powder XRD pattern
as shown in Fig. 2(a). On the other hands, there are no secondary phases were observed were
observed as shown in Fig. 2(b). For the scintillation properties of the Ce doped CLYC
crystals were measured. Emission peak originating from the 5d-4f transition of Ce** ion was
observed at around 370 nm for Ce:CLYC as shown in Fig. 3. The light yield and the fast
component of decay time of the Ce0.5%:CLYC were estimated as 18,500 photons/MeV and
40.7 ns, and these values were almost consistent with the Ce0.5%:CLYC grown by Bridgman
method[2,3]. The details of crystal growth and other scintillation properties is going to be
reported.

(a)f ~ I I I I 22 a0 @ Cs,LiYCl, L " Ce0!s%:Cs,LiYCl,
[ ] ® v li;YCls Excnanon(x_,,:37(inm) Emission (Aec.: 340 nm) i
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Fig. 1 The grown crysals using (a)raw Fig. 2 Powder XRD pattern of Fig. 3 Emission and excitation
powder and (b)pre-melted raw material the crystals grown by using spectra of the Ce0.5%:CLYC
as a strating material. (a)raw powder and (b)pre-melted crystal.

raw material, respectively.

[1] A. Bessire, H. U. Gudel, et. al. Nucl. Instrum. Meth. A., 537, 242-246 (2005).
[2] C. M. Combes, P. Dorenbos, et. al.. J. Lumin., 82, 299-305 (1999).
[3] E. V. D. van Loef, et. al. IEEE T. Nucl. Sci., 52, 1819-1822 (2005).
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Catalysts on the basis of VIII group metals have a high potential in catalytic agueous phase
reforming (APR) of biomass resources resulting in a mixture of hydrogen and alkanes. However, high
amounts of expensive noble metals (Pt, PtRe) [1] are required for APR, which is a promising route for
sustainable fuel production. In this work a series of colloidal Ni and Co metal NPs solutions was
prepared by microemulsion and polyol methods using NiCl,6H,O and CoCl,-6H,O as metal
precursors to compare possibility of approaches to provide controllable particle size for APR.

Polyol synthesis of Ni and Co NPs by hydrazine reduction of metal precursors in ethylene glycol
at high pH was studied. In order to find out the operating parameters of the polyol synthesis
determining a controllable formation of Ni and Co NPs the role of the reduction temperature under an
inert gas atmosphere was studied. The reduction temperature was varied from 23 to 170°C for Ni NPs
and from 7 to 23°C for Co NPs. TEM micrographs and histograms of Ni and Co particles size
distribution prepared at different reduction temperatures showed that the average diameter of Ni NPs
size increased from 2.6 to 3.2 nm when the reduction temperature increased from 23 to 140°C. With
respect to Co NPs the temperature increase from 7 to 23°C resulted in the increase in Co NPs size from
1.8 to 2.6 nm, whereas further change from 23 to 100°C affected less significantly the metal particles
size. These results indicate that the size of basic metal NPs increases with the synthesis temperature
increase. To investigate the role of gas atmosphere on the formation of Ni NPs the gas-dependent
evolution of the NPs size was carried out in air or in Ar at 140°C. As a result, the size of NPs formed
at 140°C in air was 5.4 nm compared to 3.2 nm for that formed in Ar. When the temperature was
increased to 180 C, the Ni NPs size increased to 9.8 nm. Thus, Ni NPs synthesized under an inert
atmosphere were characterized with a smaller particle size as well as a narrower particles size
distribution [2].

To synthesize Ni and Co NPs by the microemulsion method two microemulsion solutions were
mixed and heated up to 80°C: microemulsion I - the cationic surfactant cetyltrimethyl bromide
(CTAB), n-octane, n-butanol, nickel or cobalt chloride (wt.% -20/15/12/53) and microemulsion Il -
hydrazine hydrate (64% wt.) mixed with sodium hydroxide (20% wt.), CTAB, n-butanol, n-octane
(wt.% -20/15/12/53) [3]. The formation process for Ni and Co synthesized in CTAB and hydrazine
was monitored by UV-vis spectroscopy. The original NiCl, solution (before heating) exhibited peaks
at 400, 650, and 725 nm in UV-vis spectrum. As the heating time was increased, these peaks totally
disappeared after 2 min indicating that NiCl, has been completely converted and that Ni colloids were
formed with NPs size 2.6+3.3 nm. UV-vis spectra indicated formation of metallic Ni nanoclusters at
the beginning of the reduction with subsequent formation of stable complex compounds in the absence
of reducing agents. Utilization of CTAB afforded formation of Co bearing NPs with the mean NPs
size 2.6+5.4 nm while stabilization with sodium dodecylsulphosuccinate (AOT) resulted in formation
of cobalt hydroxide instead of metallic Co NPs. UV-vis spectra indicated generation of metallic Co
nanoclusters for all samples except those heated below 80°C probably resulting in formation of Co
complexes. Co(NOs), was used to synthesize Co NPs according to [3] CoCl, used as a Co NPs
precursor provided a narrower particle size distribution.

The SusFuelCat project has received funding from the European Union’s Seventh Framework
Programme for research, technological development and demonstration under grant agreement No
310490 (www.susfuelcat.eu).
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Komtonanuble METOABl SBISIFOTCS NEPCIEKTHUBHBIMU METOJAaMHU JUIsl HAIpaBJIE€HHOTO
CHUHTE3a HAHECEHHBIX METAINIMYECKUX KaTaJu3aTOPOB C 33JaHHBIM pa3MepoM yacTull. [JaHHas
paboTa HampaBiicHa Ha HCCleA0BaHNue (PU3UKO-XMMUYECKUX 3aKOHOMepHOCcTel cuHTe3a Ni u
Co HaAHOYACTHI] PA3IMYHBIMU KOJUIOMJHBIMH METOAAaMHU Ui TOJNydeHHs 3(PQPEeKTHUBHBIX
KaTaJIn3aTOPOB BOJSMHOrO pU(OPMUHTA CaXapHBIX CIUPTOB C IeNbl0 moiydeHus Hy u
KOMIIOHEHTOB TOILJIMB.

Cepuss KOJJIOMIHBIX PACTBOPOB OblJa TMPHUTOTOBICHA MHKPOAIMYJIBCHOHHBIM U
MOJIMOJIBHBIM ~ MeTomamMu ¢ ucnosb3oBanueM NiCly:6H,O, CoCly'6H,O B kadecTse
NpEANIECTBCHHUKA aKTUBHOTO KommoHeHTa. Jlms cuute3sa Hadodactuip, Ni u  Co
MHKPOSMYJIbCHOHHBIM METOJOM JIBE MHKPOIMYJILCHU CMEIIMBaK U HarpeBamu npu 30°C:
M/3 | - pacTBOp mpeiIecTBEHHUKA, TOBEpXHOCTHO-akTUBHOTO BemectBa CTAD, H-Oyranona
u H-okTaHa (Bec.% -20/15/12/53) u m/> 11 - pactBOp ruapasuna ruapata ¢ NaOH (0.5 M),
CTAB, n-Oyranoma u H-okTaHa (Bec.% -20/15/12/53) [1]. Hns cuHTE3a MOJMOJIBHBIM
METOJIOM pacTBOp IMpPEALIECTBEHHUKAa B OSTWICHIVIMKOJIE C OOpPrujpujioM HaTpus
(BOCCTAaHOBHTENb) HArpeBAIM NpU TeMmIepaType KWUIEeHUs OSTuieHriaukons [2]. Jlns
YCTAHOBJICHHSI 3aKOHOMEPHOCTEW (HOpPMHUpPOBaHHS M Pa3pabOTKH HAMpPaBIECHHOTO METO/a
cuare3a Ni m Co HaHOuacTHI[ OBUIO HM3Y4YEHO BIUSHHUE TEMIIEPAaTYpbl BOCCTAHOBICHUS,
COOTHOIIEHUSI MeTajur/crabunu3aTop H MacmTabupoBanus. [Ipouecc dopmupoBaHus
Hanouyactul] Ni 1 Co ¥ X CTaOMIIBHOCTh HUCCICIOBATH PA3THYHBIMU (PU3UKO-XUMHUUCCKIMHU
meromgamu, Biiatouas DCIHO, POOC u [I9M. IlonydeHHbIE KOJUIOMAHBIE PACTBOPHI C
pasmepom uactuir Ni 2,6+3,3 u Co 2,6v5,4 HM, ObUIM HCIOJB30BAHBI I CHHTE3a
HAHECEHHbIX KaTaJu3aTOpOB Ha ME30MOPUCTOM YIJIEPOJHOM HOcuTenle. bplio u3ydeHo
BIUSHUE TpPEABAapUTEIbHOW O00paOOTKM HOCHTENs Ha 3aKOHOMEPHOCTH HaHECEHUs
Hanouyactul] Ni 1 Co W cTaOMIBHOCTh KaTaau3aropa B YCIOBHSAX, OMM3KHX K YCIOBHSIM
peakin. B pesynbrate npeaioxena Mmetoanka cuate3a HaneceHHbIX Ni u Co karann3aropos
KOJUTOMJIHBIM METO/IOM C COXPaHEHUEM HCXOJIHOTO pa3Mepa HAaHOYACTHUIL.

Paboma noooepoicana epanmom SusFuelCat No 310490 7ou Pamounoii Ilpocpammol
Esponetickoeo Corosza (www.susfuelcat.eu).

[1] A. Martinez, G. Prieto. Novel synthesis techniques for preparation of Co/CeO, as ethanol
steam reforming catalysts. /Catalysis Communications 8 (2007) 1479.

[2] Yu. Demidova, I. Simakova, I. Prosvirin, D.Yu. Murzin, A. Simakov. Size-controlled
synthesis of Ni and Co metal nanoparticles by the modified polyol method. //International
Journal of Nanotechnology 13 (2016) 4-14.
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WITH ENHANCED THERMAL STABILITY FOR NO REDUCTION BY NH;3 TO N;
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! Novosibirsk State University, Pirogova Str. 2, Novosibirsk, 630090
2 Boreskov Institute of Catalysis SB RAS, Lavrent'ev Ave. 5, Novosibirsk, 630090
® Novosibirsk State Technical University, Karl Marks Ave. 20, Novosibirsk, 630073
e-mail: shutilov@catalysis.ru

Diesel vehicles have attracted a large market share for its benefits as high power and good
fuel economy. However, the emission of nitrogen oxides (NOy) by diesel vehicles is harmful
to the environment and human health. In order to eliminate NOy in many cases the harmful
gas is cleaning by selective catalytic reduction (SCR) with ammonia to nitrogen using a
V,0s5/TiO, and V,05,WO3/TiO; catalysts. These catalysts are characterized by high activity in
the temperature range 220-350 °C where nitrogen oxide conversion reaches 90-97%, and the
main reaction product is nitrogen. TiO, (anatase) is the most widely used as the support of the
V,05,WQO3/TiO, catalyst due to its better electron transfer and superior resistance to
poisoning. Compared to the other supports, TiO, can remarkably improve the dispersion state
of the VO species on the surface of catalysts. The main disadvantage of these catalysts is
their low thermal stability. The activity dramatically and irrevocably degrades at temperatures
above 350 °C. This is due to a change in the status of the active component (conversion of the
high dispersed forms of vanadium to a coarse phase of V,0s), which is also accompanied by a
phase transition of anatase to rutile.

The aim of this work is to study the effect of ceria and yttria additives on microstructure
and thermal stability of TiO, support for the development of a new generation of active and
thermostable supported vanadium catalyst for SCR NO with ammonia.

Synthesis of the support Me-TiO, where Me = Ce, Y was performed by incipient wetness
impregnation of titanium dioxide (anatase) xerogel with an aqueous solution of cerium nitrate
or yttrium nitrate salts followed by drying and heat treatment in air at 500-800 °C [1-2].
Obtained supports have higher specific surface area and more developed porous structure
after calcination, compared to pure TiO,. It indicates on their more higher thermal stability
compared to pure TiO, due to the formation of the nanocrystalline structure Ce-TiO,(fig.1a)
and Y-TiO, oxides. (fig.1b)

a b
Designed materials were used for the preparation of supported V,05,WO3/Ce(Y)-TiO,
catalysts which were tested in the NO SCR reaction with ammonia in the presence of oxygen
and water vapor. Catalysts have demonstrated a high thermal stability up to the reaction
temperature of 500 °C providing almost complete cleaning from nitrogen oxide.

This work was supported by the RFBR grant Ne 16-33-00798 mol_a.

[1] G.A. Zenkovets, A.A. Shutilov, V.Yu. Gavrilov, S.V. Tsybulya, Kinet .Catal., 48, 742,
(2007)
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HNEPCHEKTUBBI UCITOJb30BAHUSA HOBOT'O HAHOKPUCTAJIJIMYECKOI'O
V705, WO3/Ce(Y)-TiO2 KATAJIM3ATOPA BOCCTAHOBJIEHUS NO AMMUAKOM
P.A. H.I}QHHOBZ, AA. H_IyTHJIOBl’Z’3, TA. 3enkoser

! Hosocubupcxuii cocyoapcmeennwiil ynugeepcumem, yi. Ilupozosa 2, Hosocubupck, 630090

2 Hncemumym kamanuza CO PAH, npocn. Jlaspenmwvesa 5, Hosocubupck, 630090
3 Hosocubupckuti 2ocyoapemeennviii mexnuueckutil ynueepcumem, npocn. Kapna Mapxca 20,
Hosocubupck, 630073
e-mail: shutilov@catalysis.ru

[Ipu cymecTByromeM pa3BUTUH TEXHOJOTMH CAMBIM TOIUTUBHO-3()(EKTHUBHBIM W3 JIBUTATEICH
SBIISICTCS TU3EIbHBIA JIBUTATelb, OMHAKO OH XapaKTepu3yeTcsi BBICOKMM ypoBHeM smuccuu NO, 1o
CpaBHEHHMIO ¢ OCH3MHOBBIMH JBHTATENIIMH. B ycloBHSX H30BITKAa KUCIOPOAA, XapaKTEPHBIX IS
BBIXJIOTIHBIX Ta30B JU3EIBHOTO JBUraTeis, OKCHJ a30Ta MOXET OBITh IMepeBeleH B a30T C
UCIIONIB30BaHNEM BoccraHoBuTenel, Hampumep NHz; m3 moueBmubl, Ha HaneceHHBIX V,0s/TiO, u
V,05,WO,3/Ce(Y)-TiO, karanuzartopax. OCHOBHBIM HEIOCTATKOM JaHHBIX KATaTH3aTOPOB SBJISIETCS MX
HU3Kasi TePMOCTAOMILHOCTh: aKTUBHOCTH PE3KO U O€3BO3BPATHO YXYAILIACTCS MPU TEMIIEPaType BhIIIE
350 °C. Dto 00yclOBIEHO W3MEHEHHWEM COCTOSHHSI AKTHBHOTO KOMIIOHEHTa (TpeBpalmieHHueM
MIOBEPXHOCTHBIX BBICOKOAMCIIEPCHBIX (opM BaHaaus B rpyboamcrnepcHyio dazy V;0s), uTo Tarke
COIIPOBOKIAETCS M (Da30BBIM MEPEXOJOM aHaTasa B PyTHIL.

Lenpto maHHO#W paboTHl sBIsieTCs wu3ydeHWe BiusHue pAo6aBku CeO, wm Y,0; Ha
MHKPOCTPYKTYPY U TepMocTaOmiIbHOCTh Hocutens Ti0, ucmomp3yeMoro uis pa3paboTKu HOBOTO
TIOKOJICHUSI aKTUBHBIX W TEPMOCTA0MIbHBIX HAHECEHHBIX BAaHAJMEBBIX KaTAJM3aTOPOB PEaKIUU
CeNeKTUBHOTO KaTanutrdeckoro BoccranopieHus (CKB) NO ammuakoM.

Cunres mnocuteneii Ce-TiO, u Y-TiO, mpoOBOAMIM METOAOM MPOMUTKHA IO BJIArOEMKOCTH
KCeporelsi JUOKCHIA THUTaHa aHaTa3HOH MOAW(UKAIMK BOJHBIMH PACTBOPAMH a30THOKHUCIBIX COJICH
nepus WIH WTTPUA C TIOCTEeNyroImed CYIIKOH u TepMOoOoOpaOOTKOW Ha BO3IyXe B WHTEpBaje
temneparyp 500-800 °C.

IMonyuenusie B padore Hocurenn Ce-TiO, u Y-TiO, xapaktepusyrorcs 60jiee BBICOKOH yaeabHO
MOBEPXHOCThIO W 0ojiee Pa3BUTOM MOPHUCTOM CTPYKTypoH B INMPOKOM HHTEpBajle TeMIeparyp
NPOKAJIMBaHUs, 1O CpaBHEHWIO ¢ 4YuCcThIM Ti0,. DTo cBUaeTeNnbCTByeT 00 WX 0Oolyiee BBICOKOH
TEPMOCTA0MJIBHOCTH TIO0  CpaBHEHMIO ¢ u4HucTeiM 110, B cieacTBHe  (OPMUPOBAHHS
HAHOKPHCTAJUTNIECKO# CTPYKTYpsl okcu10B Ce-TiO, (puc.1a) and Y-TiO, (puc.16).

N \ ; |

N

Pa3paboTaHHble HOCUTENN ObLIH UCHOJIB30BaHbI IS omy4deHus: HaHeceHHbIX V,0s, WO3/Ce(Y)-
TiO, karanu3aTopoB, KoTopbie ObLIH HccienoBanbl B peakimi CKB NO amMuakom B MpUCYTCTBHH
KUCIIOpOZIa W TapoB BOAbL. [lodydeHHBIE KaTauM3aTOphl XapaKTepu3yloTcs Oojee BBICOKOH
TEPMOCTA0MIIBHOCTBIO U B PEaKUMOHHON cpene BIUIOTH A0 Temmeparypsl 500 °C obecneumnBaror
HPaKTUYIECKH MOJTHYI0 OYHUCTKY I'a30BOM CMeCH OT OKCH/a a30Ta.

Paboma evinonnena npu gpunarcosoii noodepicke PODU (epanm Nel6-33-00798 mon_a.)
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EFFECT OF ALUMINAADDITIVES ON THE NANOSTRUCTURE AND THERMAL
STABILITY OF TiO, WITH ANATASE STRUCTURE
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2 Boreskov Institute of Catalysis SB RAS, Lavrent'ev Ave. 5, Novosibirsk, 630090
® Novosibirsk State Technical University, Karl Marks Ave. 20, Novosibirsk, 630073
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Titanium dioxide (anatase) is widely used as an adsorbent and support for the metal and oxide
catalysts. It is also employed in materials converting solar energy into electricity and in chemical
sensors. However, anatase is metastable and when the temperature is raised to 700 °C it irreversibly
convert to rutile form. It leads to a significant reduction of the surface area and changes the pore
structure. In this regard, the increase of the thermal stability of TiO, (anatase) is an actual task.

The aim of this work is to study the effect of aluminum oxide additives on the formation of
nanostructure of titanium dioxide (anatase modification) during the heat treatment in a wide range of
temperatures.

Titanium dioxide samples with Al,O; (1-10 wt. %) were synthesized by incipient-wetness
impregnation. Anatase obtained by the industrial sulfuric acid technology [1] was impregnated with an
aluminium nitrate solution and was dried in air and then in dry box at 110 °C for 12 h. and then was
heated in air at 300-1000 °C for 4 h.

The physicochemical properties of the obtained samples were studied by XRD, HREM, and low-
temperature (77 K) nitrogen sorption methods.

X-ray diffraction data show that aluminum oxide causes a significant increase in the anatase to
rutile phase transition temperature in titania doped with aluminia samples. The calcination of the
doped samples containing 1-10 wt.% Al,O3; does not yield rutile until 950 °C, while the rutile phase in
undoped titanium is detectable at 750 °C. The unit cell parameters (a and c) are not changes by
doping.

According to HRTEM data introduction of additives of alumina into the titanium dioxide after the
heat treatment at 500 °C leads to the formation of nanocrystalline structure while undoped titanium
dioxide has a well-ordered crystal structure. The nanocristalline structure of doped TiO, consists of
intergrown fine anatase crystallites 5-7 nm in size separated by interblock (intercrystalline)
boundaries, in which the aluminum ions are stabilized. This stabilization is due to the fact that in the
area of boundaries anatase structure strongly disordered. Formation of TiO, with nanocrystalline
structure stabilize the anatase phase at much higher temperatures (900-950 °C) compared with the pure
TiO.,.

Increasing the thermal stability of the anatase phase leads to the keeping of a higher specific
surface area and a developed porous structure under the heating at the high temperature.

It was shown earlier that the doping of titania with additives of ceria, yttria and silica leads also to
the formation of nanocrystalline structure of titania with increasing thermal stability [2-4].

This work was supported by the Russian Science Foundation (grant Ne 14-23-00037).
[1] I.P. Dobrovol'skii, Titanium Oxides: Chemistry and Technology, Sverdlovsk, 1988.
[2] G.A. Zenkovets, A.A. Shutilov, V.Yu. Gavrilov, S.V. Tsybulya, Kinet .Catal., 48, 742, (2007)

[3] G.A. Zenkovets, A.A. Shutilov, V.Yu. Gavrilov, S.V. Tsybulya, Kinet .Catal., 50, 760, (2009)
[4] A.A. Shutilov, G.A. Zenkovets, V.Yu. Gavrilov, S.V. Tsybulya, Kinet .Catal., 52, 113, (2011)
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BJIUSHUE JIOBABOK OKCHJIA AJTIOMUHUS HA HAHOCTPYKTYPY U
TEPMOCTABWILHOCTH JTMOKCHJIA TUTAHA AHATA3ZHOM
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JIMoKCcHl TUTaHA aHATa3HOM MOIUGUKALMU IIHPOKO MCIIONIB3YETCsl B KaYeCTBE HOCUTENS
METAJNIMYECKUX M OKCHUAHBIX Karainu3aTtopoB. OH TakKe HMCHONb3YeTCs IPHU IPO3BOJACTBE
Marepuasia JUisl COJHEYHbIX Oarapedl M XuUMHUYecux ceHcopoB. OnHako, aHaras SIBIISAETCS
METacTaOUJIBLHBIM U MpHU MOBbIIEHUU Temreparypsl 10 700 °C HeoOpaTHMO IMEpPEeXOIuT B
pyTW, YTO BEIET K 3HAYUTEIIbHOMY CHMKEHUIO IOBEPXHOCTM M H3MEHEHUIO IOPUCTON
CTPYKTYpbl. B CBsi3u ¢ 3TuM, yBenuueHue TepmoctadmibHocTH 110, (aHarasza) sBIsCTCS
aKTyaJIbHOW 3aJa4eii.

Lenpto maHHOW pabOTHI SBISETCS M3y4YCHUE BIHMSHHS JT00aBOK OKCHJA aJIOMHHHUS Ha
¢opMHUpOBaHUE HAHOCTPYKTYpHl TUOKCHAA TUTAaHA aHATa3HOH MoAM(UKAUN  TIpU
TepMO0OpabOTKe B IIMPOKOM MHTEPBAJIE TeMIeparyp.

Ucxomubiii  TiO, (aHara3) ObLI MMOJYYEH 10 MPOMBIIIICHHOW CEPHOKUCIOTHOM
texHonmoruu. OOpas3npl JAMOKCHIA THTaHA, MOAM(PHUIMPOBAHHBIE JO0ABKAMH OKCHJA
amomunus (1-10 Bec. %), cuHTe3UpOBaIM NPONKUTKOI Keeporens TiO,, BOAHBIM pacTBOPOM
A30THOKHCIIOTO aJIOMHHUS ¢ mocienytomiei cymkoi npu 110 °C B Teuenue 12 yacoB u
TepMooOpaboTkoii Ha Bozayxe npu 300-1000 °C B Teuenue 4 gacos.

duznko-xuMuUecKue CBOICTBa HCCJICHOBAIN METOJJaMM POA, IIDMBP,
HU3KOTEMIIEpaTypHOU aacopOIuK a30Ta.

JlanHble pPEHTreHo(}a30BOr0 aHaju3a II0Ka3bIBAlOT, YTO BBEAECHHE JO0aBKU OKCUAA
QIIOMUHUS B MPHUBOAUT K 3HAYUTEIBHOMY YBEIMUYEHMIO TeMIEpaTypbl (ha30BOro mepexoia
aHarasza B pyTHJ B oOpasiax, momudumupoBanusix Al,Oz. B obpasmax, comepkamux 1-10
Bec.% Al,O3 daza pyruna He perucrpupyercst BioTh 10 950 °C, B To Bpems Kak Uil HE
momuduimpoBanHoro TiO; ¢asza pyrmna peructpupyercst npu 750 °C. Cneqyer OTMETHUTS,
YTO MapamMeTpbl KPUCTAJUIMYECKON peIleTKH aHarasa (& and C) He MEHSIOTCS MpH BBEICHHU
MonuduIMpyromen 100aBKH.

CornacHo nanubsiM [I9MBP, BBeienue n006aBOK OKCHa alIOMUHMS B JMOKCHJ THTaHA
npu TepmooOpadotke mpu 500 °C mpuBOAMT K (POPMHUPOBAHUIO HAHOKPUCTATUYECKOU
CTPYKTYpBl, COCTOAILIEH W3 HEKOTE€PEHTHO CPOCIIUXCS BBICOKOJUCIEPCHBIX KPHUCTAJUIUTOB
aHara3a pa3MepoM 5-7 HM ¢ 00pa30oBaHHEM MEXAy HUMU MEXOIOYHBIX (MEKKPUCTAJUIUTHBIX )
IpaHUL, B OOJACTH KOTOPBIX CTAaOMJIM3UPYIOTCA HOHBI amoMuHus. Takas craOuimuzanus
00ycJIoBI€Ha TEM, YTO B O0JIACTH TPaHMIl CTPYKTypa aHaTaza CUIbHO pa3ynopsoyeHa.

VYBenuueHue TepMOCTaOMWIBHOCTH (pa3bl aHaTa3za MPHUBOAUT K COXpaHEHHIO Ooee
BBICOKOM yJIeIbHON MOBEPXHOCTH U 00Jiee pa3BUTOM MOPUCTOM CTPYKTYpe MpHU MPOKaTUBAHUU
IpU BBICOKMX TeMIleparypax. DTO IMO3BOJISIET HCIOIb30BATh IMOJYYEHHbIE MarepHalsibl MpH
BBICOKHX TEMIIepaTypax o0paboTKH.

Panee B nureparype ObuTO moKazaHo, uto mMoaupuimpoBanue T10, aHaraza g00aBKaMu
CeOy, Y205 u SiO; Takke MpUBOAUT K (HOPMUPOBAHUIO HAHOKPUCTAIUTUUECKON CTPYKTYPHI
TiO; n yBenmMueHHIO TEPMOCTAOMIBHOCTH.

Paboma svinonnena npu gunancosoti noooepacke PHD (cpanm Ne 14-23-00037).
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THE STUDY OF STRUCTURAL AND MORPHOLOGICAL CHANGES DURING
THERMAL DECOMPOSITION OF Y3(C,04)3:10H,0
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Ynstitute of Solid State Chemistry and Mechanochemistry SB RAS, Kutateladze Str. 18,
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e-mail: gribov_paviel@mail.ru

During solid state chemical reaction formation of the reaction product with new crystal
lattice usually occurs. Mechanism of the structural transformation defines the product
morphology and significantly influences the reaction kinetics. If the reaction includes several
stages there is possibility to affect product morphology by controlling phase composition of
intermediates.

The aim of this work was to study stages sequence of yttrium oxalate decahydrate thermal
decomposition and to investigate the effect of reaction conditions on morphology and
structure of the reaction product at each stage. The following methods were used: optical
microscopy, SEM, thermogravimetry, X-ray diffraction analysis.

It was found that thermal decomposition includes two main stages: dehydration and
oxalate thermolysis, with the dehydration being occurred through the formation of
intermediate 6-, 4- and 2-hydrates. Effect of different dehydration conditions during
hexahydrate formation on its structure and morphology was studied. X-ray analysis showed
that depending on dehydration conditions mixture of triclinic and monoclinic hexahydrates
with different ratio can be obtained. Triclinic hexahydrate is predominantly formed under low
water pressure (heating in air) and monoclinic hexahydrate is predominantly formed under
high water pressure (closed container).

Besides it was found that during dehydration in both cases structural transformations
proceeds by deformation (martensitic) mechanism. The main feature of this mechanism is
crystal shape change, which was observed in the experiment (Fig.1). According to
phenomenological theory of martensitic phase transformations mechanisms of the structural
transformation were proposed. Orientation relationships were also found.

Furthermore the following stages of thermal decomposition were determined and
products at each stage were identified. Conditions for obtaining yttrium oxide with the
smallest particles size were found.

'&v

Fig.1. The change of shape of initial crystal of decahydrate yttrium oxalate during
dehydration on air

This work was supported by grant RFBR 16-33-60093.
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HUCCJEIOBAHUE CTPYKTYPHBIX U MOP®OJOTMYECKHUX N3MEHEHUH B
MNPOLUECCE TEPMHUYECKOTI'O PA3JIOKEHUS Y(Cy04)3:10H,0
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2Hoeocu6upc:<uﬁ 2ocyoapcmeennulil yuugepcumem, yi. [lupozosa, 2, Hosocubupck, 630090
e-mail: gribov_paviel@mail.ru

B mporuecce TBepaodazHol XMMHUYECKOH peakuu OOBIYHO MPOUCXOJUT 0Opa3oBaHHE TBEPIOrO
NPOAYKTa C HOBOM KPHUCTALIMYECKOH CTPYKTYpO. MeXaHu3M CTPYKTYPHOTO NpeBpalleHus
orpenesieT MOP(OJIOTHIO MPOAYKTa PEAKIMH W OKA3bIBACT CYNIECTBEHHOE BIMSHHE HA KHHETHUKY
peaknuu. Ecnm peakuus BKIIOYAET HECKONBKO CTaAWN, TO TMOSBISETCS BO3MOXKHOCTH BIHATH Ha
MOpQOJIOTHI0O KOHEYHOTO TNPOAYKTA pEaKkIHd, KOHTPOIHPYS (a3oBeId COCTaB MPOMEXKYTOUHBIX
IPOLYKTOB.

Llenbto HacTosIel pabOTHI OBLIO AETANbHOE U3YYE€HHE CTAJUHHOCTH TEPMUYECKOTO Pa3IOKEHUSI
JeKarupara OKcajara WTTPUS WM HCCIICOBAaHHWE BIMSHUS YCIOBHHA peakiud Ha MOPQOIOTHIO U
CTPYKTYpY MNpPOAYKTa pEakUuM Ha Kaxaol crazud. B paboTe ObUIM KCHONB30BaHBI CIIEAYIOIIUE
METOABl ~ HWCCICAOBAaHUS:  ONTHYECKass W CKaHHMPYIOMIas  OJIEKTPOHHAas  MHUKPOCKOIHS,
TEPMOTPaBUMETPHSI, PEHTTEHO(DA30BbII U PEHTTEHOCTPYKTYPHBIH aHATU3BI.

Bbruto ompeneneHo, 4To TEPMUUECKOE PA3JIOKEHHUE COCTOMT W3 ABYX CTaauil: Jeruaparanus u
TEPMOJIU3 OKcalaTa, IpUYeM JIeruapaTanus MPOXOoAUT ¢ 00pa3oBaHUEM MPOMEKYTOUHBIX 6-, 4- 1 2-
ruapara. Bplio M3ydeHO BIMSHUE DPa3IHYHBIX YCIOBHW JeTHApaTalyl A0 TeKcaruapara Ha ero
CTPYKTYpy M Mopdonoruto. PenTreHo¢ha3oBblii aHaIM3 MOKa3aj, 4TO B 3aBUCUMOCTH OT YCJIOBUH
JeTuApaTalii MoJdy4aeTcsi CMECh MPOAYKTOB Pa3IMYHOTO cocTaBa. [Ipy HU3KHX JaBleHHAX MapoB
BOJbl (HarpeBaHWe Ha BO3JyX€) MPEHMYIIECTBEHHO o0Opa3yeTcs TeKcaruapaT ¢ TPUKIMHHON
CTPYKTYPOM, IPH BBICOKUX (3aKphITHIN KOHTeHHEp, 85°C, 100 1) - C MOHOKJIMHHOM.

Taxoke ObUTO OOHAPYKEHO, YTO CTPYKTYPHBIC MPEBPAIECHHS MIPH JETUAPATAUN B 000UX CITydasx
UMEIOT CJIIBUTOBBIH (MapTEHCUTHBIN) XapakTep, NPHU3HAKOM 4Yero SBISETCS H3MEHEHHe (OPMBI
MCXOJIHOTO KpHCTallla, Ha0moaeMoe B 3KcriepuMenTe (pucyHok 1). B paMkax ¢peHoMeHoI0rnyecKkoi
TEOPUH MApPTEHCHUTHBIX (Da30BBIX NPEBPAlICHUH OBbUIM TPEMIOKEHBI MEXaHU3Mbl CTPYKTYpPHOUH
cTaguu. by Taxke orpesiesieHbl OpUEHTAIMOHHBIE COOTBETCTBHSI MEXY (hazaMH.

Hanee ObuiM oOmpeneNeHbl MOCIECAYIOUINE CTagUud TEPMHUYECKOTO Pa3lIoKEHUs W HPOIYKTHI,
MOJyYalonrecss Ha KaxIoW u3 HHUX. Takke ObUTM HaWJEHBI YCIOBUS TOJYYEHHUS OKCHIAa HTTpPUS,
o0ajaromnero HanOoJbIIeH AUCTIEPCHOCTHIO.

Pucynoxk 1. NU3menenne popmsl kprctamia Yo(C,04)3'10H,0 B niporiecce neruaparannn Ha
BO3/lyXe.

Paboma svinonrnena npu noddepoicke epanma PODOHU 16-33-60093.
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CsH,PO, - PROTON ELECTROLYTES, MODIFIED BY DIVALENT CATIONS
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Cesium dihydrophosphate is a promising proton membrane for intermediate fuel cells at
superionoic phase. The sharp decrease of conductivity during the phase transition to the low
temperature phase significantly limits its application. The creation of highly conductive and
thermally stable systems based on CsH,PQj, at intermediate temperatures ~150-230°C and low
relative humidity is very important for practice.

The heterogeneous and homogeneous substitution CsH,PO, usually improves the
transport properties of low-conducting phase due to formation of disordered phases on the
interphase, the changes of hydrogen bond network, the formation of solid solutions and
superionic disordered phases. Thus, substituting for the alkaline metals in Cs;.xMxH,PO4, M =
Rb, K, Na, results in the formation of solid solutions isostructural to CsH,PO,.

Modification of CsH,PO,4 by double-charged cations results in vacancies in Cs-sublattice,
determining changes in hydrogen bond energy and the degree of structure disordering. This
work is devoted to investigation of transport, structural and thermal properties of CsH,PO,4
modified by Ba®*cations.

The partial substitution has been shown to form the Cs;.oxBaxH,PO, solid solutions at x =
0-0.1, isostructural CsH,PO,4 (P21/m) with a slight decrease of the unit cell parameters. The
unit cell parameters of Cs;oxBaxH,PO4 (P2:/m) were determined depending on x. With x
increasing the BaH,PO, reflexes were appeared and two phases coexist, forming a composite
system. Superionic phase transition disappears with x increase. Proton conductivity increases
more than three orders of magnitude even at x = 0.03 and reaches values ~ 102 S/cm at T =
150°C. The conductivity in superionic phase doesn’t change. The stability of high
conductivity values has been verified at high temperatures for long term storage. A
mechanism of conductivity improvement includes the formation of Cs vacancies during
heterovalent replacement which lead to phosphate tetrahedra reorientation and structural
disordering of the salt up to its amorphization with x increase. While the residual water
molecules in composites could also take place in the proton transport. Synthesized high
conductive systems should be perspective for electrochemical devices.

This work was supported by RFBR Nel5-08-08961.
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CsH,PO, siBnsieTcss mepCreKTHUBHBIM — MaTE€pUaOM  IPOTOHIPOBOANIUX MeMOpaH
CpeIHETeMIIepaTypHBIX TOIUMBHBIX 3eMeHTOB (150-230°C). OmgHako pe3koe CHIKEHUE
OPOBOJUMOCTH  Tpd  ($a30BOM  MeEpexofe M3  CYNEPUOHHOTO  COCTOSHUS B
HU3KOTEMIIEpaTypHyl0 a3y CyIIECTBEHHO OrpaHMYMBAET €ro npumeHeHue. B HacTosiiee
BpeMs 3HAYUTEIbHBII HHTEPEC MPEACTABISIET CO3/JaHNE TTPOTOHHBIX AIEKTPOIUTOB HA OCHOBE
CsH,PQO4, ob6manarommx BEICOKOW AJIEKTPOTPOBOIHOCTHIO M TEPMUYECKON CTAaOUIBLHOCTHIO B
JUarna3oHe CPeJHUX TemIepaTypax MpU HU3KOH OTHOCHTENbHOW BIaXHOCTH. [IpuMeneHue
METO/I0OB TETEPOTeHHOTO W TOMOTEHHOTO 3aMENICHHsI CIOCOOHO YIYYIIUTh TPAHCIIOPTHBIC
XapaKTepUCTUKK  HuU3KoTemneparypuoir  ¢aser  CSH,PO, BcnmenctBue  oOpaszoBaHus
pa3ymopsiIOYEHHOTO COCTOSIHUA Ha HHTepdeiice, M3MEHEHUs! CEeTKU BOJOPOJIHBIX CBs3EH,
00pa3oBaHUs TBEPABIX PACTBOPOB M CYNEPHOHHBIX HEYNMOpAaoYeHHbIX (a3. Tak, Hampumep,
romorenHoe 3amerenne CS' IIENOYHBIME MeTamIaMy HPUBOAMT K OOPAa3OBAHHIO TBEPIBIX
pactBopoB Cs;xMxH2PO4, (M=Rb, K, Na), uzoctpykrypssix CsH,POj,.

Momudumupoanue CSH,PO, nByx3apsaHbIMM KAaTHOHAMHU BBI3BIBAET IIOSIBIICHHE
BAaKaHCHI B KATHOHHOW MOJAPEIIETKE U, KaK CIICJCTBUE, BEICOKYIO CTEIIEHb Pa3yHoOpsI0UCHUS
CTPYKTYpbl M HM3MEHEHHsS B JHEPrHMH BOJOPOAHBIX cBsizell. JlanHas paboTa mMmocBsIIeHA
WCCJICIOBAHUIO TPAHCIOPTHBIX, CTPYKTYPHBIX H TepMHUecKux XapakrepucTuk CSHyPOy,
MOAUGUIIMPOBAHHOTO KATHOHAMHU Ba*.

beino mokazaHo, yTo mpu 4acTUYHOM 3amemieHuu B CSioxBayH,PO, mpm x=0-0.1
HNPOUCXOMUT 00pa30BaHHE TBEPAbIX PAcTBOPOB, H30CTPYKTypHBIX CSH,PO4 (P2i/m) ¢
YMEHBIIEHHBIM  MapaMeTpOM  JJIEMEHTApHOM  s4eiiku. Ilpm  yBennueHMmn X Ha
peHTreHorpaMMax  mosiBisitores  peduiekesl  BaH,PO4, uro  cBHIeTensCTBYeT O
COCYIIIECTBOBAaHUH JBYX (a3 W 0Opa30BaHMU CBOETO PO/ KOMITO3UIIMOHHOW CHUCTEMEL. B
TBepabIX pactBopax Cs;oxBaxH,PO, B cpaBHenuu ¢ CsH,PO, ¢ poctoM X cymepuoHHBIN
da3oBbIif TMepexoa ucYe3aeT, MPOTOHHAs MPOBOJUMOCTh HHU3ZKOTEMIEPAaTypHOU  (a3bl
BO3pacTtaeT 0osiee YeM Ha TPH MOPsIKa BEIMUUHBI faxe npu X = 0.03, mocturas 3HaYCHUH ~
10° Cwm/em mpu T=150°C, 3HaueHWsS MPOBOIUMOCTH B CYIIEPHOHHOW (hase COXPAHSIOTCS.
CTaOuIbHOCTh BBICOKMX 3HAUYE€HUH MPOBOJUMOCTH OblIa MpOBEpeHa MpPH JITUTEIbHON
MU30TEPMHUECKON BBIZICP)KKE. Y BEIHMUEHHE TIPOTOHHON POBOJMMOCTH TIPH T'€TEPOBATCHTHOM
3aMeIIeHNH  OOYCIIOBIIEHO  00pa3oBaHWMEM  II€3MEBBIX  BAaKaHCH,  TOCIEIYIOMICH
peopHeHTaluel TeTpadApoB M CTPYKTYPHBIM pa3yMopsIO0YE€HHUEM CONIM, BIUIOTH JI0
amop¢m3anmu. B TO ke BpeMs, OCTaTOYHBIE MOJICKYJIBI BOJBI TaKXKe MOTYT MPUHUMATH
ydacTHe B MEXaHHM3Me IepeHoca MpOTOoHaA. MccienoBaHHBIE BBICOKOIPOBOMISIINE CHCTEMBI
Csi1.oxBaxyH,PO4  mepcmiekTuBHBI AN JaNbHEUIIMX HCCIENOBAaHWM B KadecTBe MeMOpaH
AIIEKTPOXUMHUYECKHUX YCTPOUCTB.

Paboma 6vina evinonnena npu yacmuunol purancosoii noooepicke PODOU Nel5-08-08961.
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A recent very high need for chlorinated hydrocarbons, especially in polymer production,
determines a steady increase of their amount of products. The commercial production of these
compounds is accompanied by accumulation of high amounts of chlorine-containing organic wastes.
The recycling of Cl-containing organic wastes, including variety of chlorinated hydrocarbons, is
known to be rather difficult and important ecological problem. One of the actively used recycling
methods is catalytic decomposition of chlorinated hydrocarbons with Ni, Co, Fe metals. It results in
formation of carbon nanomaterial — an extended surface nanofibers (CNF) [1]. Depending on
reaction's conditions the decomposition of chlorinated hydrocarbons can proceed in several directions
[2]. At T<500 °C the process proceeds as hydrogenolysis of C-ClI bound, which results in formation of
hydrocarbons without chlorine in their composition. If the temperature is higher than 500 °C, catalytic
decomposition of Cl-containing hydrocarbons occurs and results in formation of carbon nanomaterial,
hydrogen and hydrogen chloride (1).

CiH,Cl, — C(CNF)+H,+HCI Q)

For this research 1,2-dichloroethane was selected as a model chlorinated hydrocarbon to be
processed via catalytic decomposition over Ni,Pd;., alloy. These catalysts are formed spontaneously in
the reaction medium on the initial stage of the process. This process is lately considered as a method
of a purposeful synthesis of carbon nanofibers [3,4]. Particularly, CNF-metal composites may be used
in supercapacitors production [5]. CNF also may be used in creation of next generation displays [6].

In present work we consider in detail the synthesis of homogenious NisPd;, alloys by the
reduction in the hydrogen atmosphere at 800°C of precursor synthesized by coprecipitation of Ni- and
Pd-salts. A number of alloys with Pd containing of 1-10 at.% were synthesized. The powder X-ray
diffraction analysis (XRD) of NisPd, alloys confirms the formation of a single-phase Ni-Pd for all
samples. A catalytic activity of synthesized alloys in the 1,2-dichloroethane decomposition results in
formation of CNF was studied. An effect of H, concentration in the reaction mixture C,H,Cl,/H./Ar
on kinetics of CNF growth over Ni,Pd;, alloys (C,H,Cl./H,/Ar = 7.5/37.5/55.0, vol.%) is shown. The
comparison of catalytic activities of the samples, which were synthesized by the reduction of
precursors at 400 °C, 600 °C and 800 °C is also shown. The optimal temperature of 1,2-dichloroethane
decomposition (600 °C) was determined. Transmission electron microscopy (TEM) data indicate that
carbon material is generated as segmental nanofibers and is characterized by high degree of
morphological homogeneity.

[1] V.V. Chesnokov, R.A. Buyanov. Uspekhi Khimii (in Russian). Vol. 69. Ne 7 (2000) P. 675-692.
[2] I.V. Mishakov, V.V. Chesnokov, R.A. Buyanov, N.A. Pakhomov. Kinet. Catal. 42 (2001) 598—
603.

[3] N. Hordy, N.-Y. Mendoza-Gonzalez, S. Coulombe, J.-L. Meunier, Carbon 63 (2013) 348-357.

[4] N.A. Jarrah, J.G. van Ommen, L. Lefferts, J. Catal. 239 (2006) 460-4609.

[5] G. Ren, X. Pan, S. Bayne, Z. Fan, Carbon 71 (2014) 94-101.

[6] Y. Saito et al. Appl. Phys. A Mater. Sci. Process. Vol. 67, Ne 1 (1998) P. 95-100.
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B mocmexnee BpeMsi BOCTpeOOBAaHHOCTh XJIOPOPTAHUIECKUX COCIMHEHUI OYCHb BBICOKA, OCOOCHHO
Py TPOM3BOACTBE IONMMEPOB, UYTO OMpEAesieT HEYKIOHHBI pOCT OOBEMOB WX IIPOW3BOJICTBA.
IIpombllIIEeHHOE MPOU3BOACTBO STHX BEILECTB CONPOBOXKIAETCS HAKOIUICHHEM OOJIBIINX O00BEMOB
XJIOPOPTaHUYECKUX OTXOJOB. YTHIIM3AIMs 3THX OTXOJOB IPEACTABISET HEHNPOCTYIO NPOOIEeMy B CHITY
BBICOKOH XHMHUYECKOM CTOMKOCTH OOJBIIMHCTBA XJIOPOPTraHMYECKUX coefuHeHuil. OnpHuM U3
UCIIOJIB3YEMBIX TP ATOM METOJOB OCHOBAH HAa KaTAJMUTHYECKOM PAa3JIOKEHHWH XJIOPYIJIEBOJOPOIOB Ha
MeTaiiax moarpymis xxenes3a (Ni, Co, Fe) ¢ oOpa3zoBaHreM yriiepoJHOro HaHOMaTepraia — HAHOBOJIOKOH
¢ pasurtoil moBepxHocThio (YHB) [1]. B 3aBUCHMOCTH OT YCIIOBHH NMPOBEACHUS PEAKIIMU PA3JIOKCHHE
XJIOPYTJIEBOIOPOIOB MOXKET MPOTEKATh 110 HECKOJIBKUM HampasieHusM [2]. [Ipu temneparype ke 500°C
nporiecc uzaet depes rumporexonus ces3u C-Cl ¢ momydeHneM yrieBoJ0poaoB, HE COMEpIKAIINX XJIOpa.

[Ipu Oonee BBICOKOW TeMmeparype — 4Yepe3 KaTaIUTHYECKOEe pasioKeHHEe XJIOPYIJIEBOJIOPOJOB C
obpa3oBaHUeM YIJIEpPOIHOr0 MaTepuaia, BOAOpoaa u xjuopoBogopoaa (1).
CiH,Cl, — C(YHB)+H,+HCI (1)

B macrosmeli pabore paccMaTpWBaeTcs — NpolecC  padioKeHWs  1,2-ITUXIopaTaHa  Ha
camoopraumsyrormxcst NiyPd; « kaTanuzatopax. JlaHHbIe KaTann3atopbl GOPMHUPYIOTCS CaMOTIPOU3BOILHO
B PEakIMOHHOW cpeie, HA HaYaJbHBIX CTagusX Impouecca. B ocHoBe  (dopMupoBaHus
CaMOOPTaHM3YIOIINXCS KaTallu3aTOPOB JISKUT SABJICHUS YTIISPOTHON SPO3UHU WK AC3UHTETPAIlN METAIIIOB
MOATPYIIIBI JKelle3a W WX CINIAaBOB B Xxoje peakuuu [3,4]. DTOT mpomecc B TMOCHEIHEE BpeMs
paccMaTpuBaeTcs Kak CIIOcO0 IIETICHANPABICHHOTO CHHTE3a YIJICPOOHBIX CTPYKTYp Ha MAaCCHBHBIX
mnenusix [5,6]. B wactHocTH, Mertamn-YHM KOMIIO3UTBI MOTYT TPHUMEHSTHCS TPH TMPOU3BOJICTBE
CYIIepPKOHIeHCaTOpoB [7].

B nanHOl paboTe moApOOHO PACCMOTPEH CHHTE3 TOMOTEHHBIX ciuiaBoB NiyPd;.x BocCTaHOBIIEHUEM B
BOJIOPOIHOM  aTMoc(epe MHOTOKOMIIOHEHTHBIX — COEIWHEHHUH-TIPE/IIECTBEHHUKOB —  CMEIIaHHBIX
ruIpOKCOKOMIUTIEKCOB. CHHTE3MpOBaHa cepusi 00pa3iioB ¢ BapbupoBaHueM cojaepxanus Pd B mpemenax 1-
10 ar.%. MetomoM peHTTeHO(A30BOr0 aHaIH3a MOATBEPKACHO (OPMHUPOBAHHE OTHO(A3HBIX CILIABOB BO
BCEX MONYYSHHBIX OOpasmax. M3ydueHa KaTamuTHYecKash aKTHBHOCTH ITONyYCHHBIX OOpa3lloB B PEaKIINU
pasnoxenus 1,2-nuxnopstana (IXD) c momydennem YHB. Iloka3aHbl KUHETHYECKHE KpUBBIC s
nporecca 00pa3oBaHuUs YIIEPOAHBIX BOJIOKOH Ha CIIJIABAaX PA3HOTO COCTABA MPH Pa3JIOKEHUN PEAKIIMOHHON
cmecu JIXO/Hy/Ar (IXD/H /Ar = 7.5/37.5/55.0, 06.%). Taxxe NPUBEICHO CPaBHEHHE KaTATUTHYECKOM
AKTHBHOCTH 00Opa3lOB KaTaJIM3aTOPOB, MOJIYUYCHHBIX BOCCTAHOBICHHEM IPEKYPCOPOB IMPH TEMIIEPATypax
400 °C, 600 °C u 800 °C. YcTaHOBIEHO, YTO ONTHMAIEHON TeMIIepaTypoil MPOBEACHUS pasznoxkeHus 1,2-
muxiopataHa sBisgercs 600°C.  Yriepomselid Martepwan o0pasyeTcss B BHIOEC CETMEHTHPOBaHHBIX
HAHOBOJIOKOH U XapaKTEpU3yeTCs BBICOKOH CTENeHbl0 MOP(OIOTHYECKON OJHOPOAHOCTH, O YeM
CBUACTCIILCTBYIOT IPUBCICHHBIC B pa60Te CHHUMKH HpOCBeqHBaIOHleﬁ 3J'IeKTpOHHOI71 MUKPOCKOITUH.

[1] Yecnokos B.B., bysHos P.A. Ycnexu xumuu. 2000. T. 69. Ne 7. C. 675-692.

[2] 1.V. Mishakov, V.V. Chesnokov, R.A. Buyanov, N.A. Pakhomov, Kinet. Catal. 42 (2001) 598-603.
[3] H. J. Grabke, Mater. Corros. 54 (2003) 736-746.

[4] C.M. Chun, T.A. Ramanarayanan, J. Electrochem. Soc. 152 (2005) 169-177.

[5] N.A. Jarrah, J.G. van Ommen, L. Lefferts, J. Catal. 239 (2006) 460-469.

[6] N. Hordy, N.-Y. Mendoza-Gonzalez, S. Coulombe, J.-L. Meunier, Carbon 63 (2013) 348-357.
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In last years inorganic nanomaterials have growing application in industry, and need to
study their biological activities due to security issues. On the other hand, it is expected that
controlled interaction between nanoparticles and cells or organisms can be used to create new
methods of medical treatment of disease [1].Carbon nanohorns (CNH) penetrating in
biological tissue can effectively absorb and convert infrared (IR) radiation in heat which
necessary for the local heating of tissue and organs. Thus, CNH can be used to prevent the
growth of tumors using a method of hyperthermia.

The aims of this work are investigation of the properties of aqueous suspensions of
carbon nanohorns and testing of penetration nanohorns in Drosophila melanogaster tissues.

In this study, we used carbon nanohorns powders synthesized by evaporation of a
graphite target by arc discharge [2] and electron of beam emitted from an electron accelerator
[3]. Two methods oxidation were used for functionalization nanohorns surface. The first
method is oxidation in solution of nitric acid (3M) at 70°C temperature for 1 hour [4]. The
second method is oxidation of a mixture of sulfuric and nitric acids (H,SO4: HNO3 = 1: 3) as
described in [5]. Nanohorns structure was characterized by scanning electron microscopy,
infrared, optical and Raman spectroscopy. Thermal properties of structural and morphological
features of the aqueous suspensions of the original and modified CNH were investigated.

Implementation of CNH in tissue of Drosophila melanogaster larva carried out through
the culture medium. In experiment larvae have genotype hs-Gal4; UAS-GFP.nls. Then larvae
irradiated IR - laser. The heated nanohorns caused "heat shock™ reaction (response of cells to
stress). After 4 hour, we observed GFP-reporter luminescence. The GFP synthesized in
response to "heat shock™ reaction.

According to the results, it showed that, after oxidation, aqueous suspensions nanohorns
absorb in the IR region stronger than the initial sample. Oxidation of samples also leads to an
improvement of the thermal properties nanohorns. It is showed that the nanomaterials are
capable of penetrating into the tissues of Drosophila larvae, it is seen by the fluorescent GFP
signal in the imaginal discs.

[1] Heister E. et. al. Are Carbon Nanotubes a Natural Solution? Applications in Biology and
Medicine. ACS Appl. Mater. Interfaces 5, 1870-1891 (2013).

[2] Okotrub A.V. et. al. Synthesis of closed multilayer carbon particles in the electric
discharge. Inorganic materials 32, 974-978 (1996).

[3] Shimizu H et al. Method and device for producing carbon nanohorn. Patent WO
2012073700 Al. — 07.06.2012.

[4] Naseh M. V. et. al. Functionalization of Carbon Nanotubes using nitric acid oxidation and
DBD Plasma. International Science Index, Chemical and Molecular Engineering 3, 33-35
(2009).

[5] Datsyuk V. et. al. Chemical oxidation of multiwalled carbon nanotubes. Carbon N. Y. 46,
833-840 (2008).
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B mocnemHue roapl HaHOMaTepUalbl MONYYalOT Bce Ooiblliee NMPUMEHEHHE B WHIYCTPUH, H
HEOOXOTUMOCTh  HCCIEAOBaHHMA WX OWOJOTMYECKOTO  JCWCTBHsSI  OOYCIIOBIEHa  BOMPOCAMHU
6e3onmacHoctu. C Opyroi CTOPOHBI, OXKHUIAECTCS, YTO KOHTPOJIUPYEMOE BO3JACHCTBHE HAHOUYACTHUI] Ha
KJIETKH WJIA OPTraHU3MbI B IEJIOM MOXET OBITh UCIIOIB30BAHO JUIS CO3JaHUS HOBBIX MEAMLIMHCKHX
METO/IOB JiedeHus: 3aboneBanuii [1]. Yrnepoausie nHaHoxopusl (YHX), npoHnkas B OHOJIOTHYECKYIO
TKaHb, CrIOcOOHBI 3¢ dexTrBHO ToTNIOmaTs U MpeodpasoBeBaTh HHPpakpacHoe (MK) m3mydenue B
TEII0, HEOOXOIUMOE JIJISl JIOKAJIFHOTO pa3orpeBa TKaHEeH U OpraHoB, ModToMy YH MOXHO NpUMEHSTH
JUTSL TIPEIOTBPAILIEHHS POCTa OMYXOJIH TPU HCTIOIB30BaHIUH METO/Ia TUIIEPTEPMHUH.

Henu naHHON pabOTBI — HCCIENOBAHUE CBOMCTB MCXOAHBIX M MOIU(HUHUPOBAHHBIX MOPOLIKOB
YHX B BOIHBIX CYCNEH3USIX U TECTUPOBAHNE MMPOHUKHOBEHHS HAHOXOPHOB B TKaHU JIPO30(HIIBI.

B nannoii paGore wucmonmp3oBaNMch THOpomkH YHX, CHHTE3MpOBaHHBIE  METOAOM
3JIEKTPOAYTrOBOTO CHHTE3a [2] M METOAOM HcHapeHus rpad)uTOBOM MHUILEHH 3ICKTPOHHBIM ITyYKOM
yekopurens [3]. Jdnsa Moaudukanuy moBEpXHOCTH HAHOXOPHOB OBIJIO HCIIONB30BAaHO JBa METOJA
okucieHus. [1epBbIii U3 HUX — OKUCIICHUE B PacTBOPE a30THOM KUCIOTHI (3M) npu Temnepatype 70°C
B TeueHue 1 4 [4], BTopoii MeTox - okucienne cmechbio kucnot (H2SO4:HNO3 B cootHomennn 1:3)
10 METOJIUKE, ONUCcaHHO# B padote [S]. CTpyKkTypa HAaHOXOPHOB ObLIA OXapaKTePH30BaHA METOJAMH
CKaHHUpYIOLIeH 3JEKTPOHHOH MHUKPOCKOIUH, HMH(MPAKPACHOH, ONTHYECKOH CIEKTPOCKONHH U
CHEKTPOCKONMN KOMOWHALIMOHHOTO paccesHHsl CBeTa. BhUIM HcclenoBaHbl TEPMUYECKHE CBOWMCTBA
CTPYKTYpHBIX W MOP(OJOTHYECKHX OCOOCHHOCTE  BOJHBIX  CYCIICH3WH  HCXONHBIX U
MOJU(PHUIMPOBAHHBIX HAHOXOPHOB.

Buenapenne YH B TkaHM JuMYMHOK Jpo3oduibsl ocobeir reHotuma hs-Gald; UAS-GFP.nls
OCYIIECTBIISUIOCh Yepe3 MUTATENbHYIO cpeny. 3areM juunHOK obmydanu MK - mazepom. Harpertsie
TaKUM 00pa30M HaHOXOPHBI BBI3BIBAIH PEAKIMIO «TEIUIOBOTO MIOKA» (OTBETHAs PEeaKlusi KICTKA Ha
ctpecc). Uepes 4 yaca Habmonanoch ceeueHne GFP-penoprepa - Oenka, CHHTE3UPOBAHHOTO B OTBET
Ha «TEIJIOBOM IOK».

Mo pe3ynbraTaM oOKazaHo, YTO TIOCJIE OKHCIICHUS, BOJIHBIE CYCIIEH3UH HAHOXOPHOB TMOTJIONIAIOT B
UK — obmactu cuibHee, 4eM HUCXOAHBIH oOpaszen. OxucieHue o0pa3loB TakkKe NPUBOAUT K
YIy4YIIEHUI0 TEPMHUYECKUX CBOWCTB HAHOXOpHOB. [loka3aHo, 4YTO HaHOMAaTepuanbl CIOCOOHBI
NPOHMKATh B TKaHU JIMYMHOK JAPO30QHIBI - 3TO BUAHO N0 (ayopecuentHomy curHany GFP B
MMAaruHaJbHbIX IUCKaX.

[1] Heister E. et. al. Are Carbon Nanotubes a Natural Solution? Applications in Biology and
Medicine. ACS Appl. Mater. Interfaces 5, 1870-1891 (2013).

[2] Okotrub A.V. et. al. Synthesis of closed multilayer carbon particles in the electric discharge.
Inorganic materials 32, 974-978 (1996).

[3] Shimizu H et al. Method and device for producing carbon nanohorn. Patent WO 2012073700 Al. —
07.06.2012.

[4] Naseh M. V. et. al. Functionalization of Carbon Nanotubes using nitric acid oxidation and DBD
Plasma. International Science Index, Chemical and Molecular Engineering 3, 33-35 (2009).

[5] Datsyuk V. et. al. Chemical oxidation of multiwalled carbon nanotubes. Carbon N. Y. 46, 833-840
(2008).
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ROLE OF COMPUTATIONAL MATERIALS SCIENCE IN REALIZATION OF
ADVANCED ENERGY MATERIALS AND NANOSTRUCTURES

Rodion Belosludov
Institute for Materials Research, Tohoku University, Sendai, 980-8577, JAPAN
e-mail: rodion@imr.tohoku.ac.jp

In order to design materials with novel composition and desirable characteristics it is
important to have a good understanding of the atomic-scale chemical and physical properties
of materials. Using powerful computer system installed in Institute for Materials Research,
Tohoku University and highly accurate methods we try to accurately estimate the important
properties of various complex materials in order to accelerate the realization of novel
materials, hand-in-hand with experiment and propose these materials for energy storage
applications. Here, the recent achievements of our group have been reviewed.

The fundamental strategy to realize specific or highly selective guest adsorption is based
on the design and synthesis of nanoporous compounds that can recognize the differences
between the guest molecules. This requires precise control of the structure and detailed
understanding of the structure-property relationships. The metal-organic framework (MOF)
material as new functional adsorbents with novel topologies and exceptional host-guest
properties has been selected due to scientific interest in their application for storage and
separation. In collaboration with experimentalists, it has been shown that the concept of using
designable regular MOF material could be applicable to a highly stable, selective adsorption
system [1]. A new soft nanoporous crystalline material that selectively adsorbs CO with
adaptable pores has been studied using first-principles calculations in collaboration with
experimentalists. The high selectivity has been achieved by the synergetic effect of the local
interaction between CO and accessible metal sites and a global transformation of the
framework [2].

Recently, we have presented a design for functional 3D porphyrin-based nanostructures,
which would bridge the gap between the well-known fullerenes and nanotubes and a new
class of the functional nanomaterials. It was shown that the electronic structures and optical
properties of studied structures could be easily tuned via their size, topology, and the presence
of bridging sp* carbon atoms. The optical properties of the new materials can rival those of
known quantum dots. The ability to store large quantities of methane (106-216 cm®
(STP)/cm®) was observed in all cases with several compounds being close to or exceeding the
DOE target of 180 cm®(STP)/cm® [3].

[1]R. Matsuda et al., Nature 436 (2005) 238.

[2]H. Sato et al., Science 343 (2014) 167.
[3]R. V. Belosludov et al., Phys. Chem. Chem. Phys. 18 (2016) 13503
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MORPHOLOGICAL TRANSFORMATION OF CRYSTAL/MELT INTERFACE OF
SILICON

Kozo Fujiwara’
! Institute for Materials Research (IMR), Tohoku University, Katahira 2-1-1, Aoba-ku, Sendai,

980-8577
e-mail: kozo@imr.tohoku.ac.jp

In the photovoltaic market, solar cells made of polycrystalline Si (commonly expressed as
multicrystalline Si, mc-Si) are the main products both at present and potentially in the future.
The mc-Si ingot obtained by casting based on a unidirectional solidification technique
contains various types of defects such as grain boundary, twin boundary, dislocation, and
metallic impurity, which prevent the realization of high-efficiency solar cells. The
morphology of the crystal/melt interface during crystal growth processes affects the macro-
and micro-structures, and thus controlling the interface morphology is crucial to obtaining
high-quality crystals.

We fundamentally investigated the mechanism of the morphological transformation of
crystal/melt interface of Si by in situ observations. The effects of the interface morphology on
the impurity accumulation and the twin boundary formation were also investigated.

Figure 1 shows a typical image of the crystal/melt interface of Si at (a) low growth
velocities and (b) high growth velocities. It was found that the morphology of the interface
was transformed from planar to zigzag facets with the increase in the growth velocity [1]. We
observed that a wavy perturbation was introduced into a planar interface, and that the
perturbation grew to zigzag facets at a high growth velocity. The theoretical calculation
showed that the negative temperature gradient was locally formed at the interface in the Si
melt owing to the latent heat when the growth velocity was higher than its critical value,
which leads to the amplification of the perturbation and zigzag facet formation. We also found
that the impurities accumulated at valleys of zigzag facets [2].

We will also introduce the study on the impurity accumulation and twin boundary
formation at grain boundary grooves at the crystal/melt interface [3].

@) b)

crystal

100 pm 100 pm

Fig. 1 (a) Planar crystal/melt interface at low growth velocities, and (b) zigzag
faceted crystal/melt interface at high growth velocities.

[1] K. Fujiwara, R. Gotoh, X. Yang, H. Koizumi, J. Nozawa, and S. Uda, Acta Mater. 59 (2011) 4700.
[2] R. Gotoh, K. Fujiwara, X. Yang, H. Koizumi, J. Nozawa, S. Uda, Appl. Phys. Lett. 100 (2012)
021903.

[3] M. Mokhtari, K. Fujiwara, H. Koizumi, J. Nozawa, and S. Uda, Scr. Mater. 117 (2016) 73.
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SYNTHESIS OF DLC FILMS. ION-BEAM TECHNOLOGIES

A.S. Zolkin
Novosibirsk State University, Pirogova 2, Novosibirsk, 630090
2 Institute of laser physics of the Siberian Branch of the Russian Academy of Science, Lavrentyev 13,
Novosibirsk, 630090
e-mail: zolkinas@gmail.com

For the first time diamondlike (DLC) films were synthesized in 1971 by S. Ayzenberg (USA) [1],
then V. M. Golyanov and V. P. Demidov (USSR) [2] and V. E. Strelnitsky with colleagues (USSR)
[3]. It is established that films possess the combination of the chemical, physical and mechanical
properties close to diamond. Since then they are used in different areas: from optical systems to
medicine. Methods of their synthesis are diverse: from methods of high-temperature thermal
evaporation to modern pulse magnetron systems. Each method has the advantages and restrictions. It
is difficult to find the way which would satisfy all. Combines one — not simply to receive coverings
with the set properties and high degree of reproducibility. Accurate recipes are absent or are
unavailable. Results in many respects are defined by art of researchers and technologists.

The ion-beam method is interesting by the possibility of smooth management of parameters of the
besieged flow: energy, current density, charging structure, the direction to the surface of
sedimentation, the chemical composition of the flow. As a result it is possible to receive quality
coverings where the main: adhesion, hardness, optical characteristics, good tribological properties,
chemical passivity and others. However, many problems constantly require attention. These are
mechanical stresses which destroy (blow up) coverings, the roughness to which impose high
requirements at the level of the nanosizes, uniformity of structure or constancy of properties on the
surface today. Among sensitive scopes — optical systems, including laser and coverings of medical
assignment.

In the report examples of use of ion-beam technologies, generally on the basis of sources of ions
of low energy (50-300ev) the END-Hole type with use of gases of hydrocarbons and sources of ions
with azimuthal drift of electrons or the source the anode layer with energy to 5000ev are given. It is
established that in each case diamond-like coverings (DLC) can be synthesized with close
characteristics: good coupling with the substrate (adhesion), sufficient hardness (18 GPa and above),
good optical transparency and in some cases — the high enlightenment on substrates: silicon,
germanium (for example). High chemical passivity is noted. This fact gives the grounds for more
detailed research of process of synthesis and search of models.

Results of the analysis by means of methods are given: KR-spectroscopy, nanoindenting, atomic-
force microscopy, spectroscopy (190nm-16mkm), the electron transmission (TEM) and scanning
microscopy, and the ellipsometry. The Raman Spectrums are received on the Jobin Yvon T64000
device (France) with excitation wavelength — 514,5 nm. For determination of thickness and index of
refraction of coverings — the laser LEF ellipsometer — 752 (Russia) with the wavelength of 632 nm.
Hardness was defined by the nanoindenting method on Nanoskan-3D and Nanoskan-4D devices
(Russia). Thickness of coverings was measured by the scribing method. The research was conducted
by TEM on JEOL JEM-4000EX and JEM-2200FS devices (Japan). The substrate was sprayed near
350*10°m by setting the machining Leica EM TXP (Germany). Then samples of films on silicon were
sputtered by ions beam of Ar with energy 5 k3B on the PIPS Gatan Model device of 691 (USA). IR
spectrums of the transmission and absorption are measured on IK the Fourier spectrometer FT-801
(Russia) in range from 2,5 to 16,7 microns.

The author thanks for cooperation at different stages of work to A.l. Semeryakova, S.Yu.
Chepkasov, O.G. Zyryanov, N.V. Nagirny - (NSU), V.A. Volodin. (NSU, IPhC RAS), M.N.
Homyakov (ILPh RAS) and E.A. Maksimovsky (I1InCh RAS).

The work is performed within the Project of NSU: Strategic academic units in the SAE direction -
"Nonlinear photonics and quantum technologies™: 2016-2017.

[1]. Aisenberg S., Chabot R. lon beam deposition of thin films of diamondlike carbon//J. Appl. Phys. -
1971. - Vol.42. - P.2953-2958

[2]. A.c. 411037 USSR/ V. M. Golyanov, V. P. Demidov.

[3]- N. N. Matyushenko, V.E.Strelnitssky, A. A. Romanov, V.T.Tolok. Radiographic researches of
metastable modification of cubic diamond/.//USSR is GIVEN. - 1976. - it is gray. And (5). - Page 459-
461.
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CHUHTE3 AJIMA3OIIOJOBHBIX IIVIEHOK YITIEPOJA. HOHHO-JIYYEBBIE
TEXHOJIOI'MA

A. C. 3onkun
Hosocubupckuii eocyoapemeennuiil yrnusepcumem, Ilupocosa 2, Hosocubupck, 630090
2Unemumym nasepnoii pusuxu CO PAH, JTaspenmuesa 13, Hosocubupck, 630090
e-mail: zolkinas@gmail.com

Breperie anmmazonono6upie (DLC) miénku Obtu cuHTe3upoBaHbl B 1971 rogy C. AiizenOeprom
(CIIA) [1], 3atem B.M.TI'onstHoBeiM 1 B.I1. JlemumoeiM (CCCP) [2] u B.E. CTpelbHHULIKHM ¢ KOJIJICTaMK
(CCCP) [3]. YcraHOBi€HO, YTO IIEHKH OONATalOT COYETAHHEM XHUMHUCCKHX, (PH3HUECKUX H
MEXaHHYECKHX CBOMCTB, OJIM3KHMX K anmasy. C TexX Mop OHM HMCHONB3YIOTCS B PAa3THYHBIX O0JACTAX: OT
ONTUYECKUX CHUCTEM JO MEIWIUHBL. MeToapl WX CHHTE€3a MHOrooOpasHbl: OT METOJIOB
BBICOKOTEMIIEPATYpPHOIO TEPMHYECKOTO WCIApPEHUs] 1O COBPEMEHHBIX HMITYJIBCHBIX MAarHeTPOHHBIX
cucteM. Kaxiplii MeTo UMeeT CBOM JAOCTOMHCTBA W OTpaHH4YeHUs. TpyIHO HAWTH croco0, KOTOPHIA ObI
yIOBIETBOPSUT BeeX. OOBEMUMHSET OHO — HE MPOCTO IMOJIYYUTH MOKPBHITHS C 3aJaHHBIMH CBOWCTBAMH U
BBICOKOI CTENEHBI0 BOCHPOU3BOIMMOCTH. UETKHE pelenTsl OTCYTCTBYIOT WJIM HENOCTYIHBL. Pe3ynbTarsl
BO MHOTOM ONPEENSIOTCS HCKYCCTBOM HCClieIoBaTeNeil  TEXHOJIOTOB.

HoHHO-TyueBOii MeETOJ] HHTEpeceH BO3MOXKHOCTBIO IUIABHOTO YIPAaBJICHUS IapaMeTpamu
0CaXIaeMOT0 ITOTOKA: SHEPTUEH, INIOTHOCTHIO TOKA, 3apSAOBBIM COCTaBOM, HAIPABICHUEM K TIOBEPXHOCTH
OCaXICHHS, XUMHYECKUM COCTaBOM II0TOKa. B pesympTare yma€rcs MHOMydaTh MOKPBITHS BBICOKOTO
KadecTBa, TJe OCHOBHBIC: aare3us, TBEPIOCTh, ONTHUCCKHE XapaKTEPHCTUKH, XOPOIIHe TPHOOIOTHIECKIEe
CBOIICTBa, XWMMH4YeCKas MAacCHMBHOCTh U JApyrue. OJHAKO, MHOTHE MpPOOJeMbl TMOCTOSIHHO TpeOyIOT
BHUMaHMUsA. OTO MeXaHWYeCKHE HaNpsSKEHHs, KOTOpble pa3pymarT (B3pbIBAlOT) IOKPHITHS,
[IEpOXOBATOCTh, K KOTOPOH CErofHA MNPEeAbsABISAIOT BhICOKHE TpeOOBaHHS Ha YPOBHE HAaHOPa3MEpOB,
OTHOPOJHOCTH CTPYKTYPBI HIIH IIOCTOSTHCTBO CBOUCTB I10 TMOBepXHOCTH. Cpenu IyBCTBUTEIBHBIX 00IacTeit
MIPUMEHEHHSI — ONITHYECKIE CHCTEMBI, BKJIIOYas JTa3epHBIC U MIOKPHITHS MEAUIITHCKOTO HAa3HAYCHNS.

B nmoxmanme mpuBeneHB IMPHMEPHl HCHONB30BAaHHUS MOHHO-TYYEBBIX TEXHOJOTHH, B OCHOBHOM, Ha
OCHOBE HCTOYHMKOB HOHOB HU3kHX sHepruit (50-3005B) tuma END-Hole ¢ ucmonb3oBaHueM ra3oB
YTIE€BOJOPOJIOB U UCTOYHHKOB MOHOB C a3UMYTaJIbHBIM Jpei(OM DIIEKTPOHOB WIJIM HCTOYHUKOM aHOIHBIM
cioem ¢ 3Heprueit 10 50003B. YcraHOBIEHO, YTO B KaXAOM Cilydyae aJMa3onoJO00HbIE MOKPHITHUS MOTYT
OBITh TONy4eHBI C ONM3KMMH XapaKTepPUCTHKAaMHU: XOpOIas CIHEIICHHE C TIOAJOXKKOH (anresms),
noctarogHas TBEpHocTh (18['ma u BrImIe), XOpoImas onTHdecKas MPO3PagHOCTh H B OTACIBHBIX CIIydasX —
BEICOKOE TIIPOCBETJIICHHE Ha TIOUIOKKAX: KPeMHHUH, TrepMaHmii (Hampumep). OTMmedaeTcssi BBICOKas
XUMHYECKasi MACCHBHOCTh. JTOT (PakT AaéT OCHOBaHHUSA ISl Oojiee JETaIbHOTO HCCIIEJOBaHUS IMpolecca
CHHTE3a U TIOUCKa MOJIeNeH.

[IpuBeneHs! pe3yabTaThl aHaIKM3a C MOMOIILI0 MeTonoB: KP-criekTpockonuu, HAHOMHIEHTHPOBAHUS,
ATOMHO-CHJIOBOM MHUKPOCKOIHH, criekTpockoruu (190HM-16MKM), anekTpoHHOM npocBednBaromeit (TEM)
U CKaHHPYIOUIEH MHUKPOCKOIMH, W JJUTHIICOMETPUH. PaMaHOBCKHE CHEKTpPhI MONy4YeHbl Ha mprbope Jobin
Yvon T64000 (dpanmms) ¢ JUIMHOW BOJIHBI Bo30OyxaeHus — 514,5 uM. Jns onpeneneHuss TOMIIAHBI U
noKasareJisi MPEeOMIICHHS TOKPBITHIA — JTazepHbIi armuncomerp LEF — 752 (Poccust) ¢ nymHoi BoHbl 632
HM. TBepaocTh ompeaensigack METOIOM HaHOWHAEHTHpoBaHUS Ha mpubopax «HanoCkan-3D» wu
«HanoCkan-4D» (Poccus). TommmHa TOKPBITHH HM3MeEpsiIack MeETOAOM cKpaibupoBanus. TEM
HccIIeioBaHre TpoBoamiIoch Ha npudopax JEOL JEM-4000EX u JEM-2200FS (Simonms). C moMoIibto
YCTAaHOBKH JJIsI MexaHmdeckoi obpaborku Leica EM TXP (I'epmanus) ymamsiocs mopsaka 350 Mk
TOJIIMHEI TTOIOXKKH. 3aTeM 00pa3Ilbl INIEHOK Ha KPEMHUHU YTOHSUIUCH PACIBUICHHEM MOHHBIM ITy9KOM Al
¢ sHeprueii 5 koB Ha npudope PIPS Gatan Model 691 (CIITA). WK criekTpbl MPOIMYyCKAHKS M MOTIOMICHHUSI
n3mepensl Ha MK gypbe-ciekrpomerpe @T-801 (Poccus) B nuanazone ot 2,5 10 16,7 MKM.

ABTOp OJlarofapuT 3a COTPYJHHUYECTBO Ha PAa3NUYHBIX JTamax paboTel: CemepskoBy A.U.,
YemnkacoBa C.1O., 3pipsaoBa O.I'., Harupuoro H.B. - (HI'Y), Bomomuna B.A.(HI'Y, U®IT COPAH),
Xomskosa M.H. (HI'Y, NJI® COPAH) u Makcumosckoro E.A.(MHX COPAH).

Paboma evinonnsemcsa 6 pamxax Ilpoexma HI'Y: Cmpamezuueckue axademuueckue eOuHuybl no
nanpaenenuro CAE-«Henunetinas pomornuka u kéanmogwvle mexroaoeuuy. 2016-2017.

[1]. Aisenberg S., Chabot R. lon beam deposition of thin films of diamondlike carbon // J. Appl. Phys. -
1971. - Vol.42. - P.2953-2958

[2]. A.c. 411037 CCCP /B.M.T onsiHoB, B.I1.Jlemu 1o0B.

[3]. H.H.Martomenko, B.E.Crpenshunckuii, A.A.PomanoB, B.T.Tomnok. PenrreHorpaduyeckue
HCCIIeJIOBaHUs MeTacTabMIIbHON Moaudukanuu Kyoudeckoro anmasa /. // JAH YCCP. - 1976. - cep.A(5). -
C.459-461.
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OPTICAL PROPERTIES OF NANOCRYSTALS FORMED WITH THE USE OF
LASER PULSE ANNEALING

V.A. Volodin'*?
Novosibirsk state university, Pirogova Str. 2, Novosibirsk, 630090
2|SP SB RAS, Lavrent'ev Ave. 13, Novosibirsk, 630090
e-mail: volodin@isp.nsc.ru

Nowadays, application of nano- and femtosecond laser pulse annealing for manufacturing
of nanostructures has become very popular. In some cases only laser pulse crystallization can
be use, because it can be local, allow to avoid undesirable inter-diffusion of elements
consisting nano-heterostructures (for example, this effect take place in the case of long-time
thermal annealings). The nano-heterostructures like semiconductor nanocrystals in dielectric
films can be perspective in optoelectronics and nano-electronics of future. The recent year’s
progress in the field of giant-microelectronics (“reverse Moor’s law”) demands the
development of technology for manufacturing of semiconductor films with good electro-
physical parameters on large-scale low-price substrates.

Nanosecond and femtosecond laser annealings were applied for crystallization thin
amorphous silicon films and amorphous silicon nanoclusters in silicon-rich nitride and oxide
films. Regimes of crystallization of amorphous Si nanoclusters in the initial films were found.
Effect of laser assisted formation of a-Si nanoclusters in the non-stoichiometric dielectric
films with relatively low concentration of additional Si atoms was also observed. This
approach is applicable for the creation of dielectric films with semiconductor nanoclusters on
non-refractory substrates [1].

Facilities of Raman spectroscopy and IR Fourier spectroscopy for study of silicon and
germanium based nanostructures were demonstrated. NSU has Raman spectrometer (T64000
Horiba Jobin Yvon) with a micro-Raman setup and FTIR-spectrometer (FT-801). Raman
spectroscopy data allow getting information about phase composition of semiconductor
nanoclusters, about sizes of semiconductor nanocrystals and about states of impurities (for
example from analysis of Si-H vibrations in hydrogenated silicon [2] and Si-B vibrations in
doped silicon).

[1] T.T. Korchagina, A.K. Gutakovsky, L.l. Fedina, M.A. Neklyudova, V.A. Volodin. Journal
of Nanoscience and Nanotechnology, 12, n.11, p.8694-8699 (2012).

[2] V.AMolodin, D.1.Koshelev. Journal of Raman Spectroscopy, v.44, n.12, p.1760-1764
(2013).

99



ONTUYECKUE CBOMCTBA HAHOKPUCTAJLJIOB C®@OPMUPOBAHHBIX C
HNCITOJIBb30BAHUEM UMITYJIBCHBIX JIASEPHBIX OTKUT'OB

B.A. Bononuu?
1Hoeocu6upa<m? Tocyoapcmeennwiii Yuusepcumem, yn. Ilupocosa, 2, Hosocubupck, 630090

Il CO PAH, npocnexm Axademuka Jlaspenmvesa, 13, Hosocubupck, 630090
e-mail: volodin@isp.nsc.ru

B HacTosiee BpeMs, NpUMEHEHHE HaHO- U (EMTOCEKYHIHBIX MMITYIbCHBIX JIa3epHBIX
OTKUTOB ISl U3rOTOBJIEHHSI HAHOCTPYKTYP BECbMa akTyalbHO. B HEKOTOPBIX Cllydasx MOYKHO
UCII0JIb30BaTh TOJBKO UMITYJIbCHYIO JIA3EPHYIO KPUCTAIIM3ALUIO, IOTOMY 4TO €€ BO3JEHCTBUE
JIOKaJIbHO, T03BOJISIET N30eraTh HeXxeNnaTeIbHON B3auMHON A (dy3un 31eMeHTOB, U3 KOTOPBIX
COCTOSAT HAHO-TETEPOCTPYKTYPHI (ITOT HEXeNaTrelbHbI 3((PEeKT HMeeT MecTo B Ciydae
MIEYHBIX OTXKUIOB). Takue HaHO-TETEPOCTPYKTYPHI KaK IOJIYIPOBOAHUKOBBIE HAHOKPUCTAJLIbI
B JMJIEKTPUUECKUX IUIEHKAX IEPCHEKTUBHBI B ONTOZJIEKTPOHUKE U HAHODIEKTPOHHKE
Oyaymero, 1 B OOJNAaCTH MIMPOKO(GOPMATHOH MHUKPOIIEKTPOHUKH (IIPOrpecc B KOTOPOU
MOKa3bIBa€T TaK Ha3bIBaeMblil «0OpaTHbIM 3akoH Mypa»), 310 Tpebyer pa3paboTKu
TEXHOJOTMM  JUIi  HW3TOTOBJICHUS  IIOJIYIPOBOJHUKOBBIX  IUIEHOK C  XOPOLIMMHU
AIEKTPOPU3NICCKUMHU TTapaMeTPaMH Ha MUPOKO(HOPMATHBIX HEAOPOTUX MOTOKKAX.

Hano- u ¢emTocekyHaHbIE Ja3epHble OTKUTM NPUMEHSUIMCH JUIsl KpUCTaUIM3aluu
TOHKHMX IUIEHOK aMOp(pHOro KpeMHHUs M aMOpP(HBIX HAHOKJIACTEPOB KPEMHHUS B IUIEHKaX
HECTEXUOMETPUUYECKUX HUTPUJIOB U OKCUAOB KpeMHHMs. bBbuln 0TpaboTaHbl pPEKUMBI
KPUCTAJUIN3aUN aMOP(HBIX HAHOKJIACTEPOB KPEMHHUs B HMCXOJHBIX IUIEHKaX. Bputo Tarke
OOHApyXEHO, YTO Jla3epHble OTXKUITM MPUBOAMIM K (opMUpOBaHMIO aMOpP(HBIX
HAHOKJIACTEPOB ~ KPEMHHUSI B  HECTEXMOMETPUYECKUX JAMIIEKTPUUYECKUX IUIEHKAX C
OTHOCUTEJIbHO HH3KOM KOHLEHTpalUued aroMOB H30BITOYHOTO KPEMHHS. OTOT HOJXO[
OPUMEHUM  JUId  CO3JaHMsl  JUAJIEKTPUYECKUX IIEHOK C  IMOJyIPOBOJHUKOBBIMU
HaHOKJIACTEpaMH Ha HETYTOIUJIaBKUX MOAJIOKKax [1].

[IponeMoHCTpUpOBaHBl BO3MOXKHOCTH CHEKTPOCKONHMHM KOMOWHAIIMOHHOTO PACCESHUS
ceeta U MK-Dypbe-crieKTpOCKONIMM AJIl U3y4EHUs HAHOCTPYKTYpP Ha OCHOBE KPEMHHUS U
repmanuss. B ATUL[ HI'Y umerorcs crnekTpoMeTp KOMOMHAIIMOHHOTO paccestHUsl CBETa
(T64000 Horiba Jobin Yvon) ¢ mukpo-PamanoBckoii nprcraBkoit u UK-®ypre-criekrpomerp
(PT-801). [lanHble CHEKTPOCKONUHM KOMOMHAIMOHHOTO PACCESIHHUS IO3BOJIAIOT TMONYYHUTh
uHpopManuioo o (ha30BOM COCTaBE MOJYIPOBOJHUKOBBIX HAHOKJIACTEPOB, O pa3Mepax
MOJTYTIPOBOIHUKOBBIX HAHOKPUCTAJIOB M O COCTOSHUAX MpuUMeced (Harmpumep, U3 aHajlu3a
kosebanuit Si-H [2] u Si-B cBsi3eii B kpeMHHN).

[1] T.T. Korchagina, A.K. Gutakovsky, L.I. Fedina, M.A. Neklyudova, V.A. Volodin. Journal
of Nanoscience and Nanotechnology, 12, n.11, p.8694-8699 (2012).

[2] V.AMolodin, D.l.Koshelev. Journal of Raman Spectroscopy, v.44, n.12, p.1760-1764
(2013).
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DIAGNOSTICS OF INTENSIVE GAS CLUSTER-ION BEAMS FOR MATERIALS
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'Novosibirsk State University, Pirogova str. 2, Novosibirsk, 630090
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In the last decade it has been shown that the accelerated gas-phase ion cluster beams are
unique tool for different technological applications of materials processing. In particular, in
practice by cluster ion the polishing of surfaces of various materials down to subnanometer
roughness, the cluster-ion-assisted deposition of defect-free thin films, and the ultrashallow
implantation are successfully approved [1, 2]. The source of the high intensity flow of neutral
clusters is a supersonic jet of condensing gas. The neutral cluster beam is extracted from
supersonic jet by using a conical diaphragm (skimmer). Physical limitations of gas condensation
in supersonic flow require compliance with the optimal conditions for the formation of a neutral
cluster beam with a maximum intensity [3]. The limiting kinetic energy of cluster in the
supersonic flow is a few dozens of electron volts typically, which is insufficient for processing
materials. To increase energy neutral cluster beam is ionized, and then the cluster ions are
accelerated to the desired energy (typically 20-30 keV). The cluster beam contains a large
number of neutral monomers and clusters with very broad size distribution. For the processing
of materials it is necessary to separate out the ion-monomers from the accelerated cluster ion
beam, which is carried out using a magnetic separator [4].

Obviously, the quality of the surface treatment material depends on the spatial homogeneity
of the ion-cluster beam. In this paper, a description of the equipment for the formation of intense
gas jet ion cluster beam is presented. With the use of original diagnostic procedures research of
mass composition and spatial characteristics of accelerated ion cluster beam Ar and N, are
carried out. The measurements were performed at different average cluster size (N = 10* + 10°
molecules/cluster), at operating the ion energy E; = 20-25 keV. The mass spectra of the
accelerated ion cluster beam at different pressures in the gas source Po = 0.5 - 6 bar are
registered. Cross-sections of the ion current of the ion-cluster beam for magnetic separator and
without a separator are studied.

This work was supported by grant of the Ministry of Education and Science of the Russian
Federation (No 2292).

[1] I. Yamada, Materials Processing by Cluster lon Beams: History, Technology, and Applications. —
CRC Press, 2015.

[2] V. N. Popok, Mater. Sci. Eng. R 72, 137 (2011).

[3] N.G. Korobeishchikov, P.A. Skovorodko, V.V. Kalyada, e.a. AIP Conf. Proc. 1628, 885 (2014)

[4] N.G. Korobeishchikov, V.V. Kalyada, P.A. Skovorodko, e.a. Vacuum, 119, 256 (2015).
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JANATHOCTHKA UTHTEHCUBHBIX I'A30BbIX NHOHHO-KJIACTEPHBIX
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Y Hosocubupckuii 2ocyoapemesennwiii ynusepcumem, 630090,2. Hosocubupck, yn. Iupozosa, 2
e-mail: korobei@ci.nsu.ru, maxim.roenko@gmail.com

B mocnennee necatwieTre OBUIO TOKa3aHO, YTO YCKOPEHHbIE Tra3o¢a3Hble HOHHO-
KJIACTEpHbIE IyYKU SIBISIOTCA YHUKAJIBHBIM HHCTPYMEHTOM JJIsl pa3sHbIX TEXHOJIOTHYECKHX
NpUIOKEHUH 00paboTKK MarepuaiioB. B 94acTHOCTH, Ha NMPAKTUKE YCIIEHIHO anpoOMpOBaHBI
MOHHO-KJIaCTEpHAsl TIOJIMPOBKA TIOBEPXHOCTEH pa3IMYHBIX MATEPUANIOB JI0 CYOHAaHOMETPOBOU
IIEPOXOBATOCTH, KJIACTEP-UOH-ACCUCTUPOBAHHOE OCAXKIECHUE TOHKUX 0e371e(EeKTHBIX IJICHOK,
NPUIIOBEPXHOCTHAsT HUMIUIAHTAalMs Ha yasTpamaiyio Dinyouny [1, 2]. Hcrounukom
MHTEHCUBHOIO TIOTOKA HEUTPaJbHBIX KJIACTEPOB  SIBJISIETCSI  CBEPX3BYKOBAsl  CTPYs
KOHJICHCUPYIOILIEroCsl ra3a, U3 KOTOpOW C IOMOIIbI0 KOHYCHOH Iuadparmsl (CKHMMeEpa)
BBIJICIAIFOT HEUTPAJIBHBIA  KJIACTEPHBIM Iy4oK. Dusmyeckre OrpaHUYEHHs Ipolecca
KOHJICHCAIlMM ra3a B CBEPX3BYKOBOM IIOTOKE TPEOYIOT COOJIOIEHUSI ONTHUMAJIbHBIX YCIOBHM
Ui (POPMHUPOBAHUS HEUTPAJIBHOIO KJIACTEPHOTO Iy4Ka ¢ MAKCUMaJIbHOM MHTEHCHUBHOCTBIO
[3]. [IpenenbHast KHHETUYECKAsE SHEPTHUS KIACTEPOB B CBEPX3BYKOBOM IIOTOKE, KaK IPaBUIIO,
COCTaBJIIET HECKOJBKO JECSITKOB JJIEKTPOH-BOJIBT, YTO HEJAOCTATOYHO sl 00paboTKu
MmarepuanoB. s yBearueHsl 3HEpruu HEUTpalbHbIN KIIACTEPHbIN My4OK HOHU3YETCs, 3aTeEM
KJIACTEpHBbIE MOHBI YCKOPSIIOTCS J10 HYKHOM »Hepruu (kak mnpasuiio, ao 20-30 x»B). B
KJIACTEPHOM ITYYKE COJACPKHUTCS OOJBIIOE KOINYECTBO HEUTPATLHBIX MOHOMEPOB U KIIACTEPHI
C OYCHb IIMPOKUM paclpesenenueM no pamepam. /i o6paboTku MarepuaioB HEOOX0IUMO
OTCENapUpoBaTh YCKOPEHHBIM MOHHO-KJIACTEPHBI IYYOK OT HOHOB-MOHOMEPOB, 4YTO
OCYIIECTBIIAIOT C MOMOIIIBIO MAarHUTHOTO cemaparopa [4].

OueBuaHO, KauecTBO  OOpabOOTKM  IMOBEPXHOCTHM  MarepuajgoB  3aBUCUT  OT
IPOCTPAHCTBEHHON  OJHOPOJHOCTH HMOHHO-KJIACTEPHOro Iydka. B  ngaHHON  pabore
MPEJCTaBICHO onucaHue o0OpyAOBaHUS A (POPMHPOBAHUS WHTEHCHUBHBIX Ta30CTPYHHBIX
MOHHO-KJIACTEPHBIX My4YKOB. C MCHOIB30BAHUEM OPUTMHAJIBHBIX JUAarHOCTUYECKUX METOAUK
BBIMIOJIHEHBl HCCIIEJJOBAHUS MAacCOBOTO COCTaBa U IMPOCTPAHCTBEHHBIX XapaKTEPUCTUK
YCKOPEHHBIX MOHHO-KJIAacTepHbIX My4koB Ar u Np. Vi3MepeHus: BHINOIHSUINCH NPU Pa3IMUHbIX
cpenHux pasMepax kinactepon (N = 10* +10° MOJIEKYJI/KacTep), Mpu padodeil SHepruu HOHOB
Ei = 20-25 x3B. 3apeructpupoBaHbl MacCOBBIE CHEKTPHI B YCKOPEHHOM MOHHO-KJIACTEPHOM
Iy4Ke TPU Pa3HbIX JaBJICHHUIX B ra3oBoM nctounuke Py = 0.5 — 6 Gap. M3y4yensr monepeunsie
CEUeHMs] MOHHOTO TOKa HOHHO-KJIACTEPHOIO IydKa 3a MAarHUTHBIM cemaparopoM Hu 0e3
cemnaparopa.

Paboma evinonnena npu ¢hunancosoii noodepicke Munucmepcmea obpazosamus u HAYKU
Poccuiickoii ghedepayuu (ecpanm Ne 2292).
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Industrial noble metals as represented by the Platinum (Pt) and Iridium (Ir) have been applied in
various fields due to the high oxidation resistance and the high melting point. There are used in
various configuration such as a fiber shape. However, it is difficult to make the fibers directly, and
forming process to the fiber increases the manufacturing cost. We have developed various functional
single crystals by the micro-pulling-down (u-PD) method [1], which can grow single crystal from the
melt using a crucible with a hole at the bottom and the u-PD method can grow the shape-controlled
single crystal with designed crucible [2]. In this study, we developed the growth technique the shape-
controlled Pt fiber by the u-PD method and investigated the local structure and the crystal orientation.

Pure Pt ingots (4N) were prepared as stating material. Pt fibers were grown from its melt by the p-
PD method with a ZrO, ceramic crucible and a commercial Pt wire as a seed under N, atmosphere.
Because the temperature gradient was optimized previously, the Pf fiber was kept stable crystal
growing as shown in Fig.1(a) during the crystal growth at 10 mm/min growth rate. The diameter of the
grown Pt fiber was controlled by the capillary of the hole at the bottom of the crucible. The Pt fiber of
0.95 mm + 0.03 mm in diameter and more than 5 m in length could be obtained as shown Fig.1(b). In
addition, the Pt fiber could also be grown at 1 ~ 110 mm/min growth rates. Few grain boundaries
could be observed in the Pf fibers at the growth rate 10, 50 and 110 mm/min with cross-section
polishing. Pole figures and X-ray rocking curve (XRC) of Pt fiber on the surface perpendicular to the
growth direction were measured at the growth rate 10 mm/min. In the pole figure measurements, some
spots were showed with high intensity for the reflect from the (100) and (200) plane and the result
indicated the Pt fiber was composed of a single-crystal-like structure. In the XRC measurement for the
reflection from the (111) plane (Fig.2), a single peak was observed and the Full Width at Half
Maximum (FWHM) was approximately 4,000 arcsec. The XRC result suggests that the grown Pt fiber
had the high orientation of the grains.

[1] A. Yoshikawa, M. Nikl, G. Boulon, T. Fukuda, Opt. Mat. 30, 6 (2007)
[2] V.I. Chani, A. Yoshikawa, Y. Kuwano, K. Hasegawa, T. Fukuda, J. Cryst. Growth 204, 155-162
(1999)
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Fig.1 (a) As-grown Pt fiber around the bottom of the Fig2 XRC on the surface per-
crucible during the crystal growth. (b) Pt fiber grown at 10 pendicular to the growth direction of the
mm/min growth rate. Pt fiber grown at 10 mm/min.
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ULTRA-SMOOTH SURFACE POLISHING BY ARGON CLUSTER ION BEAM
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At present, the development of techniques is increasingly moving to nanosize level that
significantly increases the demands on the topography of the surface of the functional
materials, including its roughness. It is expected that modern technology should provide
"atomically-smooth™ surface without physical-chemical pollution or destruction of the
structure of the processed material. The processing of cluster ion beams formed from
supersonic gas jets is a promising method of materials polishing. The use of non-reactive
element (e.g. argon) eliminates a contamination of the treated surface. The collective
interaction of a large number of cluster particles with approximately the same number of the
near-surface target particles leads to the lateral sputtering effect. Because of this effect an
ultra-smooth surface with a subnanometer surface roughness can be obtained practically for
any material [1, 2].

In this work, the study of effect of the cluster ion beam on the surface topography of
different materials (polished stainless steel and optical glass) is performed. Surface roughness
parameters before and after irradiation are measured by atomic force microscopy. The
dependencies of the basic roughness parameters (mean-square deviation of height Rms, power
spectral density function (PSD)) on the radiation dose have been studied. The figure shows
the PSD functions and Rms values for mirror-stainless steel before and after processing. It can
be seen that at the maximum
dose of 3*10'" cluster ion/cm?
the lateral roughness decreased
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B mHacrosimiee Bpemsi pa3BUTHE TEXHHKH Bce OOIBINE TEPEXOAUT HA HAHOPAa3MEPHBII
YpOBEHbB, YTO 3aMETHO TMOBBIMIACT TPeOOBaHUS K TONOrpaduu MOBEPXHOCTH (DYHKITMOHATIBHBIX
MarepuasoB, B T.4. €€ mepoxoBarocTH. OXKUAAaeTCs, YTO COBPEMEHHBIC TEXHOJIOTUU JOJKHBI
o0ecreunBaTh «aToMapHO TIAAKYI0» TOBEPXHOCTh 0€3 (PH3MKO-XMMHYECKOTO 3arpsi3HEHUS
WM HapyIICHUS CTPYKTypbl oOpabarpiBaeMoro Marepuana. I[lepcneKTHBHBIM CIIOCOOOM
MOJUPOBKM  MaTepuajoB  sBISETCS  OOpabOTKa  MOHHO-KIACTEPHBIMH  ITyYKaMHU,
c(hOpMUPOBAaHHBIMH M3 CBEPX3BYKOBBIX Ta30BBIX CTpyd. lcmonb3oBaHUE HEPEAKTHBHOTO
BelllecTBa (HAampuUMeEp, HMOHOB aproHa) IO3BOJISAECT ITOJIHOCThIO HCKIIOYUTH 3arps3HCHHE
oOpabarsiBaeMOil TIOBepXHOCTH. biaromapsi KOJUIGKTUBHOMY B3aUMOJICHCTBHIO OOJIBIIIOTO
KOJTMYECTBA YaCTHUI[ KJIacTepa C MPUMEPHO TaKHM K€ KOJMYECTBOM IPHIIOBEPXHOCTHBIX
YaCcTUIl MUILIEHHU, TPOUCXOAUT OOKOBOE pACMbUICHHE MaTepuaja, 4TO MO3BOJSET MONy4yarb
CBEPXIVIAJIKKC TIOBEPXHOCTH C CyOHAaHOMETPOBOH  MIEPOXOBATOCTHIO  TOBEPXHOCTH
MpaKTUYECKH JII0ObIX MaTrepuaios [1, 2].

B nannoil pabGoTe MpoBEIEHO HCCIENOBAaHHE BIMSHUE HWOHHO-KIACTEPHOTO IMydYKa Ha
TOMOrpaduio MOBEPXHOCTH PA3IMYHBIX MATEPHAIIOB: TIOJUPOBAHHOW HEP)KABEIOMIEH CTalld U
ONTHYECKOTO CTeksa. [lapaMeTpsl IMIEpOXOBATOCTH MOBEPXHOCTH 10 M TOCIE OOIydeHHS
HU3MEPSUIUCh  METOJIOM  aTOMHO-CHJIOBOM  MHUKpOckomuu. MccinenoBaHbl  3aBHCUMOCTH
OCHOBHBIX IapaMeTPOB IIEPOXOBATOCTH (CPETHEKBAIPATUIHOE OTKIOHEHHE BBICOTBI Rpg,
GyHKIUS crieKTpaidbHOH TuIoTHOCTH MouHOcTH (PSD)) ot no3er obGmydenus. Ha pucynke
npuBeneHbl PSD ¢yHkiuu v 3Ha4eHus Rys U1 3epKanbHON HEprKaBeIoIe CTalu 10 U Mociie
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Paboma evinonnena npu ¢hunancosoii noodepicke Munucmepcmea o0bpazosamus u HAYKU
Poccuiickoii ghedepayuu (ecpanm Ne 2292).
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e-mail: v.khudozhitkov@g.nsu.ru

The literature describes a number of ways to launch the plasmochemical reactions in the
gas flow by using different kinds of discharge, electron and ion beams. We (or here)
considered the option of using an electron beam as the method of activation of
plasmochemical reactions in the generation of clusters in supersonic flow, expanding into a
vacuum.

This paper presents an attempt to use clusters as nanoreactors, which will perform the
process of direct synthesis of a useful product. Light hydrocarbons and their mixture with the
noble gases were used as a model system. The interest in the conversion of light hydrocarbons
into heavy and liquid hydrocarbons arises due to the technological needs of the oil production.
Unfortunately, there is no plasma-chemical method of synthesis of heavy hydrocarbons
suitable for industrial use, which could be exploited directly at the gas production. One of the
attempts of conversion light hydrocarbons by electron-beam activation of the flow in a
condensation made in [1]. In this paper we used a hydrocarbon mixture similar in composition
to the associated petroleum gas. As a result we observed an increase in relative proportion of
C,H, and C3H,. The initiation of the chemical reactions in the flow can be the possible cause
of such increase. We have attempted to combine electron-beam activation of supersonic
hydrocarbon stream with the formation of clusters in order to initiate the electron-stimulated
condensation and electronic cross-linking molecules in the cluster. For this purpose, the
ethylene was selected, which, as shown by preliminary experiments, is condensed in a
supersonic flow.

During the experiments we have investigated the possibility of ethylene conversion in the
supersonic jet activated by electrons. In the recorded longitudinal and transverse profiles of
the jets, as well as mass spectra of ethylene oligomers the growth of (C,H,)2 (1), (C2Ha)s (2),
(CoHa)4 (3) and (CzH4)s (4) components after electron impact on the supersonic jet were
detected (fig. 1). The possible reason of the synthesis of heavy hydrocarbons is the result of

the conversion of van der Waals bonds in the

4E+04 71 arb.un. chemical bonds in cluster complexes. It is
also possible that the electron beam
. A4l initiation of the condensation process

2E+04 -
é/‘u—l A1] contributes to the observed effect of
] i X, mm increasing the proportion of the oligomer

OE+00 components in the mass spectrum. The study
and the realization of this effect is expected

Figure 1 — Longitudinal profile of the in the future.
(C2Ha)2 (1), (C2Ha)s (2), (C2H4)4 (3) and
(C2H4)5 (4) components of the ethylene after

40 50 60 70

ionization by the electron beam. The

[1] V. Zh. Madirbaev, A. E. Zarvin, N. G. Korobejshikov // Vestnik Novosibirsk State University.
2008. Volume 3, Issue 2, pages 34-39 (in Russian).
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O BO3MOKHOCTH 3AITY CKA INTASMOXUMHAYECKHUX PEAKIIMIA 1
I'EHEPAIIMU KJIACTEPOB ITPU QJIEKTPOHHOU AKTUBAIIMHU I'A30BbBIX
IIOTOKOB

XynoxutkoB B.J., 3apsun A.E.
Hoeocubupcxuii cocyoapcmeennuiii ynusepcumem, Omoen npukiaonou ¢usuxu, Ilupocosa 2,
Hoeocubupck,630090
e-mail: v.khudozhitkov@g.nsu.ru

B nureparype ommcaHO MHOXKECTBO CIIOCOOOB 3alycKa MJIa3MOXHMUYECKHUX PEakiuil B
ra3oBbIX MMOTOKaxX MPH UCHOJIb30BAaHUH PA3IMYHBIX BHIOB paspsia, SIEKTPOHHOTO U HOHHOTO
MyYKOB. 31ECh paCCMOTPEH BapHAHT MCIIOJIb30BAHUS AMEKTPOHHOIO MTyYKa B KaYeCTBE METOAA
aKTUBAIIMU ITUTA3MOXMMUYECKUX pEaKIui MpH TEeHEepaluud KJIAaCTepOB B CBEPX3BYKOBOM
IIOTOKE, PaCIIUPSIOLIEMCS B BAKyyM.

B nannoii paboTe mpencTaBieHa MOMBITKA MCIOJNB30BAHUSA KJIACTEPOB B KAaueCTBE
HAHOPEAKTOPOB, B KOTOPHIX OyleT OCYIIECTBIATHCS MPOLECC HAIpaBIEHHOTO CHHTE3a
MOJIE3HOTO MPOAYKTA. 3a/ilaya pacCMaTpUBaeTCs Ha MPUMEPE JIETKUX YIIIEBOJOPOJIOB U UX
cMmecel ¢ OmaropogHeIiMH razaMu. MHTepec kK KOHBEPCHUU JIETKHUX YITIEBOJOPOJOB B TSKENbIE
U, TIPEKAE BCETO, )KHUIKUE YIIIEBOJOPOABI OOYCIIOBICH TEXHOJOTHUYECKUMH MOTPEOHOCTIMU
HepTenoOprun. K coxaneHuro, 0 CHUX IMOp HE yaaercs pa3padoTarb NPUTOTHBIN IS
TEXHOJIOTUYECKOTO  MCIOJIb30BaHUS  IUIA3MOXMMHMYECKUUA  METOJ] CHHTE3a  TSDKEJBIX
YIJIEBOJIOPOJIOB, KOTOPHIM oOecmeurs Obl HEOOXOMUMBIEC MPEBPAILEHUS HEMOCPEACTBEHHO B
MecTax ra3of00buu, 0ocoOeHHO TpobiaemHble B ycnoBusix Poccuiickoro Cesepa. OgHa u3
MOMBITOK KOHBEPCHM JIETKUX YIJIEBOIOPOIOB ANIEKTPOHHO-MTYYKOBOW aKTHBALlMEW MOTOKA B
YCIIOBHSIX KOHJCHCAIIMM TpeanpuHsra B padore [1]. B nmanHoit pabore uCHOIIb30BaNIaCh
YIJIEBOJIOPO/IHASL CMECh, CXOXkasl 10 COCTaBy C MOMYTHBIM He(TsAHbIM razom. B pesynbrare
HAOIONANIOCh YBEIUYCHUE OTHOCUTENbHOW noim komriuiekcoB CoH, m CsH,, Bo3MoxHOM
MPUYMHON Yero SBISETCS MHUIMALNSA B MOTOKE XMMUYECKUX PEaKIMii CUHTE3a B KIIACTEpax.
Hamu  npennpuHsTa  MONBITKA  COBMENIEHUS  AJIGKTPOHHO-TIYYKOBOM  aKTHUBAIlUU
CBEPX3BYKOBOTO IMMOTOKA YTIEBOIOPOJa C (POPMHUPOBAHHEM KIIACTEPOB C IIEJIbI0 MHULIUAIIUU
ANIEKTPOH-CTUMYJIMPOBAHHON KOHAEHCALIMM, a TaK)Xe OHJIEKTPOHHOM CIUMBKM MOJIEKYI B
knactepe. g 3Toil nenu Obul BIOpaH ATHIIEH, KOTOPBIM, KaK MOKa3aJy MpeaBapUTEIIbHbIE
OTIBITHI, KOHJICHCUPYETCSI B CBEPX3BYKOBOM ITOTOKE.

B Xome mpoBeneHHBIX IKCIEPUMEHTOB ObLIa HCCIEOBaHA BO3MOXKHOCTh KOHBEPCHH B
AKTUBHUPOBAHHOM JIIEKTPOHAMH CBEPX3BYKOBOW CTpye JTHIIeHA. B 3apeructpupoBaHHBIX
MPOIOJBHBIX U MOMEPEUYHBIX MPODUIIAX CTPYH, a TaKKe MacC-CIEKTPax OJIUTOMEPOB ATHIICHA
0oOHapyXeH pOCT JUMEPHOI, TPUMEPHOH, TeTpaMEpHOM U NMEHTaMEPHON KOMIIOHEHTHI MOCe

4E+04 | otHen BO3JICHCTBHsI DJICKTPOHOB Ha CBEPX3BYKOBYIO
ctpyto (puc. 1). BwickazaHo mpeanoyiokeHue,
JE+04 - YTO BO3MOXKHOM TPUYMHOHN SIBISETCS CHHTE3
c—2] A TSOKEITBIX YIJICBOIOPOJIOB BCJICICTBUE

OE+00 1 = =%V mpeobpasoBanust  Ban-nep-BaanbcoBeix B
20 50 60 70 ~XUMHYECKHE CBSI3M B KJIACTEPHBIX KOMILIEKCAX.

. Bo3MoxHO Takke, 9TO BKJaJ B HAOIFOIaeMbBIH

Pacyrox 1 — Ilpononsrri mpods 3G(deKT  yBENIMUEHUS JIONH  OJUTOMEPHOU
mumepos (1), Tpumepos (2), TeTpamMepoB  KOMIIOHEHTHI B MaccC-CIIEKTPE  CBA3aH  C
WHUIMAIINEH SIIEKTPOHHBIM IYYKOM TIpolecca
KOHJeHCaruu. M3ydeHne W Jeranmm3anus
HMOHHU3AIIHU 3JIEKTPOHHBIM IIYYKOM. JAHHOTO 3(1)(1)6KTa HpeJIHOJIaFaeTCﬂ B

Jlasineune Topmoskerus Ppo= 0.4 MIla. JabHEHIIEM.

(3) 1 mernTamepos (4) aTueHa mocJre

[1] Manup6aes B.XK., 3apsun A.E., KopoOeitmukoB H.I'. // Bectaux HI'Y: Cepust «®@uzukay,
2008, T. 3, Boim. 2, C.34-39.
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FABRICATION OF INVERTED GALLIUM NITRIDE-HEMT STRUCTURE WITH
FLAT INTERFACE GROWN BY METALORGANIC VAPOR PHASE EPITAXY

K. Prasertsuk’, S. Tanaka®, T. Tanikawa’, K. Shojiki', A. Miura®, R. Nonoda', F. Hemmi?, S.
Kuboya', R. Katayama®, T. Suemitsu?, and T. Tanikawa'
! Institute for Material Research, Tohoku University, Sendai, 980-8577
?Research Institute of Electrical Communication, Tohoku University, Sendai, 980-8577
e-mail: pswut@imr.tohoku.ac.jp

Nitride-based semiconductors have been considered to be promising a candidate material
for the application of high-power and high-frequency electronic devices. Recently, the N-
polar GaN/Al,Ga;«N/GaN heterostructure has been attracted much attention because of its
built-in back-barrier for the strong electron confinement [1-2]. It also has an advantage that
the ohmic contacts of both a source and a drain to GaN instead of Al,Ga;«N are low resistive
[3]. In this paper, the growth of an N-polar GaN/Al,Ga;«N/GaN heterostructure with flat
interface by MOVPE on the sapphire substrate with a small off-cut angle has been performed.

The N-polar GaN/AlGa;xN/GaN with a smooth surface was successfully grown by
MOVPE on sapphire substrates with an off-cut angle of 0.8°. From x-ray diffraction analyses,
the GaN/AlGa;xN heterostructure with xan=0.4 was coherently grown on an N-polar GaN
layer. The smooth surface of an N-polar GaN/AlyGa;xN/GaN heterostructure with less step
bunching has been observed by AFM measurements. The surface roughness was about 0.9 nm
of root-mean-square in the area of 5 x 5 um® The electrical properties of both 2DEG formed
at the GaN/AlGa;«N interface and an individual N-polar GaN epitaxial layer were evaluated
by Hall-effect measurements in the temperature
range of 17 to 300 K. Their temperature 10*

dependence of Hall mobility are shown in Fig. 1. g ; ::22::: 8:22’2‘3;5‘:,“”/ —
Their mobility is influenced at high temperature by R O T iy,
the polar optical phonon scattering because GaN is ’>'7’ 32 “‘f;}
a highly polar material, and polar interactions due “\E 10 ] h
to the polar optical phonon dominate the scattering ) 4

process at high temperature [4]. The mobility of a 2 3

GaN epitaxial layer decreases with temperature as = 10°

expected because ionized impurities dominate at = 6

low temperatures [5]. For 2DEG in an N-polar i

GaN/Al,Ga;«N/GaN heterostructure, the electron 2

mobility reached to 1250 cm?Vs at room 10'

temperature. It also monotonically increased with 10

decreasing temperature and saturated at the
maximum value of 3050 cm?Vs at 17 K. The Fig. 1. Mobility as a function of
realization of the smooth interface between GaN temperature for a 2-um-thick N-polar
and AlGaN on small off-cut substrates, and the
confirmation of a 2DEG in this paper show that N-
polar GaN HEMTs are very promising. GaN/Alg 4GaosN/GaN HEMT.

GaN epitaxial layer and an N-polar

[1] S. Rajan et al., J. Appl. Phys. 102, 044501 (2007).

[2] D. Guerra et al., IEEE Trans. Electron. Devices. 57, 3348 (2010).
[3] M. H. Wong et al., Appl. Phys. Lett. 91, 232103 (2007).

[4] B. K. Ridley, J. Phys. C. 15, 5899 (1982).

[5] M. Shur et al., J. Electron. Mater. 25, 777 (1996).
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THE APPLICATION OF CATALYSTS BASED ON Cdy3Zno7S DOPED BY COPPER
AND NICKEL SPECIES FOR PHOTOCATALYTIC HYDROGEN PRODUCTION
FROM Na,S+Na;SO3; AQUEOUS SOLUTIONS

D.V. Markovskaya'?, E.A. Kozloval?, V.N. Parmon’+
' Boreskov Institute of Catalysis SB RAS, Lavrent’ev Ave., 5, Novosibirsk, 630090
Novosibirsk State University, Pirogova Str. 2, Novosibirsk, 630090
e-mail: chimikl7@mail.ru

Semiconductor materials such as CdS and ZnS have a wide range of different
applications, e.g. as pigments, luminophors, photoresistors, and scintillators. The solid
solutions Cd1.xZnxS (especially, Cdo3Zno7S) may also be used as effective photocatalysts for
hydrogen evolution under visible light irradiation [1]. Deposition of transition metal species
allows enhancing the photocatalytic activity and the stability of sulfide photocatalysts [2, 3].

In the present work the Cdo3Zno7S support was modified by Cu(OH), (CuO-x), Ni(OH),
(NiOH-x), Cu (Cu-x), and Ni (Ni-x). FT-IR results demonstrated the presence of metal
hydroxides in the CuO-x and the NiOH-x samples. HAADF-STEM and TEM images revealed
that metal sulphides were formed during the preparation of the CuO-x and NiOH-x catalysts.
The metallic state of copper and nickel was confirmed by the XPS technique for the Cu-x and
the Ni-x photocatalysts, respectively.

The photocatalytic properties of all prepared samples were studied in the reaction of
hydrogen production from Na,S + Na,SO3; aqueous solutions under irradiation by visible
light. As for the CuO-x, the NiOH-x, and the Ni-x photocatalysts, the reaction rate increased
with the growing of the x value, reached the peak and declined. Hydrogen production on the
Cu-x samples was independent of the copper content; moreover, these photocatalysts were
less active than the support. After that, we studied the evolution of the most active
photocatalysts during several irradiation cycles. For the CuO-0.1 sample, the XPS spectra
showed the increase in the copper content during hydrogen production due to the
transformation of copper hydroxide to copper sulfide. The Cu-0.3 photocatalyst was also
studied by the XPS method. The changing of the Auger parameter o for fresh CuO-0.3 and
Cu0-0.3 after 8 irradiation cycles was associated with the oxidation of metallic copper to
copper sulfide. Besides, the rate of hydrogen production equaled for the CuO-0.1 and the Cu-
0.3 samples during the last three cycles, which was in good accordance with Borescov’s rule
[4].Concerning nickel-modified photocatalysts, the high activity of NiOH-0.06 was connected
with the transformations between divalent nickel species and trivalent ones which was
obtained by the XRD and TEM methods. Photoinduced holes were involved in these
transformations that allow enhancing charge separationand catalytic activity. The XPS spectra
of the Ni-0.1 sample before and after irradiation indicated that metallic nickel migrated from
the catalyst surface according to the reaction: Ni® + 40H" + 2h* = [Ni(OH)4]*.

Summarizing this work, it should be noted that Cdo3Zno 7S doping by different transition
metal species increases both the photocatalytic activity and the photostability. Totally, 50 ml,
63 ml, 58 ml, 44 ml of hydrogen was evolved on NiOH-0.06, CuO-0.1, Ni-0.1, Cu-0.3
photocatalysts after irradiation during 12 h.

This work was supported by RFBR Grant Nel5-33-20458 mol_a_ved.
[1] T. P. Lyubina, E. A. Kozlova, Kinet. Catal., 53: 188 (2012)
[2] D. V. Markovskaya, S. V. Cherepanova et al., Chem. Eng. J., 262: 146 (2015)

[3] J. Ran, J. Zhang, J. Yu, S. Z. Qiao, Chemsuschem, 7: 3426 (2014)
[4] G. K. Borescov, Heterogeneous catalysis, Science: Moscow, 1986.
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NPUMEHEHUE KATAJIM3ATOPOB HA OCHOBE Cdj3Zn 7S, AOITUPOBAHHBIX
COEIUMHEHUAMU ME/IU 1 HUKEJIA, I ®OTOKATAJIMTHYECKOI'O
BBIAEJEHUSA BOOOPOJA U3 BOJAHBIX PACTBOPOB Na;S+Na,SO3

JIL.B. MaDKOBCKaHl'Z, E.A. K03J1013a1'2, B.H. HapMOHl'Z
1H)Hzcnmmym kamanuza um. K. bopeckosa CO PAH, np. Jlaspenmvwesa, 5, 2. Hosocubupck,
630090
2H06‘ocu6up07<uﬁ HAYUOHATIbHBIL UCCNe008AMENbCKULL 20CYOAPCMEEHHbIU YHUGepcUumem, yI.
Ilupocosa, 2, Hosocubupck, 630090
e-mail: chimikl7@mail.ru

[MonynpoBoauukoBeie Ccyabbuanbie Marepuaibl (CAS u ZnS) MMEOT IMUPOKUI CIIEKTP
MPAKTHYECKOTO MTPUMEHEHHUS: OT MUTMEHTOB U JIIOMHHO(DOPOB 10 PoTopesuctopoB. Ocodoro
BHUMAaHUS 3aCITyKUBAIOT (DOTOKATAIMTUYECKUE CBOMCTBA TBEPIBIX PACTBOPOB CYIb(HUIOB
kaamus U 1uHKa Cdy«ZnyS (ocobenno, Cdy3ZNg7S), ¢ MOMOIIBIO ATHX Karaau3aropoB MOKHO
NPOBOAMWTH MPOLECCHl  (POTOKATATUTHUECKOrO BbImeneHuss Bomopona [1]. Hawecenwme
COCTMHEHUIN TIEPEXOMHBIX METAUIOB IO3BOJIICT YBEIWYUTH ASPPEKTUBHOCTH IEIEBOTO
nporecca [2, 3]. B manHo#t pabore Ha cymbhuanyo marpuiy Cdg3Zng;S HaHOCHIN
cnenyrone coeauneHus: Cu(OH), (CuO-x), Ni(OH), (NiOH-x), Cu (Cu-x) u Ni (Ni-x).
@Da30BBIi COCTAaB TOJTYYCHHBIX KaTaU3aTOPOB OBLT TOATBEPXAEH KOMILICKCOM (DHU3HMKO-
xummuaecknx MetofioB (POA, POSC, IIOM).

@DOTOKATATUTHYECKYI0 aKTUBHOCTh CHHTE3MPOBAHHBIX OOpa3lOB HM3Y4alld B pEaKIUU
BBIJICTICHHUS. BOJOpOAa M3 BOAHBIX pacTBopoB NapS + Na,SOsz mox neiicTBHEM BHIMMOTO
usnydenus. s Bcex cepuit dorokaramuzaropoB, kpome CU-X, 3aBUCUMOCTh CKOPOCTH
BBIJICTICHUS BOJIOPOJIA OT COACPIKAHMS HAHECEHHOTO KOMITOHEHTA MTPOXOIUT YepPe3 MAKCHMYM.
dorokaranu3aTopsl, MOAH(PHUIMPOBAHHBIE METAJUTMUYECKOW MEAbI0, SBISIOTCS MEHEe
AKTUBHBIMH B HM3y4aeMOM TIpoliecce, NpUYEM COACpKaHUE MEIM Ha MOBEPXHOCTH
doToKkarammM3aTopa HE OKA3bIBACT BIMSHHS Ha CKOPOCTH (DOTOKATAIUTHYECKOTO IpoIiecca.
Jns Hanbosee akTHUBHBIX OOPa3lOB M3 KKIOHW CEPHUH C TOMOIIBIO (DU3MKO-XUMHUYECKUX
METOZIOB M3y4yaliu u3MeHeHue (a3oBoro cocraBa B mporecce (OTOKATATUTHIECKOTO
BbIIeTICHUS Bojopoaa. Tak, meromom POOC Obuto mokazaHo yBenudeHue comepkanus CuyS
Ha moBepxHOCTH Karanu3zatopa CuO-0.1, uyro cBszaHo ¢ cymbdumupoBanuem Cu(OH); u
GboTOMHAYIIPOBAaHHBIMU TPOLIECCAMU TUCTIEPTUPOBaHUS UCXOAHBIX dacTul] CuyS. B cioyuae
obpasra Cu-0.3 mpoHCXOMUT MOCTEICHHBIN IMEePeXoj] METAUTMICCKOW MEIU B OKUCIICHHOE
cocrosiare CUyS, B IMOJTB3Yy YEeTO CBHICTEIBCTBYET OIMHAKOBOE 3HaUcHHE OKe-TlapaMeTpa JiIs
dorokaranuzaropoB CuO-0.1 u Cu-0.3 mocne 8 mocnemoBaTeNbHBIX IUKIOB OCBEUICHUS.
Karanutuueckas axtuBHOCT oOpasima NiIOH-0.06 cBs3ana ¢ (QOTOMHIYIMPOBAaHHBIMU
NpeBpalieHUsIMA ~ COCMHEHHI AByXBajieHTHoro Hukens. Karammzarop Ni-0.1 Taxoke
noJBep>keH (OTOMHIYIIMPOBAHHBIM MPEBpAIICHUSIM, B pe3ylbTaTe KOTOPBIX HUKEIh
MUTPUPYET C TIOBEPXHOCTH Karajam3aropa B (opMe pacTBOPUMOTO KOMIUIEKCHOTO
coemmuenns: Ni° + 40H + 2h* = [Ni(OH)s]*. Hecmorps Ha 5TOT (baKT, HaHECEHHE
COEIMHCHUH TEePEXOIHBIX METAIIOB Ha moBepXxHOCTh Cdg3ZNg 7S 071aroTBOPHO CKa3bIBAETCS
Ha 3((HEeKTUBHOCTH (HOTOKATATUTUIECKOTO BBIJICTICHHUS BOIOPO/IA.

Paboma evinonnena npu noodepacxe npoexkma PODU Nol5-33-20458 mon_a_seo.

[1] T. P. Lyubina, E. A. Kozlova, Kinet. Catal., 53: 188 (2012)
[2] D. V. Markovskaya, S. V. Cherepanova et al., Chem. Eng. J., 262: 146 (2015)
[3] J. Ran, J. Zhang, J. Yu, S. Z. Qiao, Chemsuschem, 7: 3426 (2014)
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CARBON BASED RU COLLOIDAL CATALYSTS: SYNTHESIS APPROACHES AND
CATALYTIC BEHAVIOR
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Boreskov Institute of Catalysis, pr. Lavrentieva 5, Novosibirsk, 630090
NovosibirskStateUniversity, Pirogova Str. 2, Novosibirsk, 630090
*Technische Universitot Darmstadt, Darmstadt, 64287
*FutureCarbon GmbH, Bayreuth, 95448
*Ebo Akademi University, Turku/Ebo, 20500
e-mail: demidova@catalysis.ru

Nowadays nanosized metal nanoparticles (NPs) attract a lot of attention due to their
unique chemical and physical properties. Among different applications of metal NPs a special
attention is focused on catalysis. In particular, a colloidal method based on immobilization of
colloidal metal NPs over different types of supports is an effective approach for the synthesis
of supported metal catalysts with well-defined particles. The purpose of the current work is to
explore regularities of Ru NPs formation via polyol reduction and to
optimizecatalystsynthesis by the colloidal method focusing on the effect on the nanoparticle
size, resistance to leaching and oxidation state of the active component, matching subsequent
catalytic application in aqueous phase transformationof bioderived sugar and sugar alcohols.

In order to develop an approach to the synthesis of Ru NPs with a controllable particle
size the regularities of PVP-stabilized Ru NPs formation from RuCl; through the polyol
method were studied. The effect of the PVP/Ru, Ru concentration, reduction temperature and
the reducing mode on the mean diameter and size distribution of Ru-NPs was investigated[1].
The particle size prepared by the polyol technique does not depend strongly on the Ru/PVP
ratio and reduction temperature varied in the range 1/1-1/50 and 170-198°C, respectively,
while an increase in the metal concentration in the solution favored NPs growth. Faster
reduction by NaBH, at an ambient temperature was found to result in formation of smaller
NPs of ca 1.8 nm compared to that reduced by EG (2.5 nm). According to UV-Vis and XPS
data Ru NPs were found to be in the metallic state independent on the PVP/Ru ratio, the
reducing agent and the heating mode. Highly concentrated Ru colloids with a controllable
NPs size were immobilized over different carbon supports.To remove PVP from the catalysts
surface both solvothermaland thermal treatment under different conditions were applied.
There was a pronounced effect of preliminarily support modification, additional colloidal Ru
NPs washing with acetone prior to its support immobilization and PVP removal procedures on
catalytic properties and behavior in galactose hydrogenation. TEM, XPS, XRF, water
adsorption and desorption experiments and Nyphysisorption were applied to characterize the
carbon supports and synthesized catalysts.

The SusFuelCat project has received funding from the FEuropean Unions Seventh
Framework Programme for research, technological development and demonstration under
grant agreement No 310490 (www.susfuelcat.eu).

[1] L.L. Simakova, Yu.S. Demidova, I.P. Prosvirin, D.Yu. Murzin, A.V. Simakov. Int. J.
Nanotechnology13:14 (2016).
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FABRICATION AND CHARACTERIZATION OF SILICON NANOPILLARS

L.S. Basalaeva', Yu.V. Nastaushev’, F.N. Dultsev*?
A.V. Rzhanov Institute of Semiconductor Physics SB RAS, Lavrentieva 13, Novosibirsk
630090
Novosibirsk state university, Pirogova Str. 2, Novosibirsk, 630090
e-mail: GolobokovaLS@isp.nsc.ru

Silicon nanopillars (Si NPs) are promising as future building blocks in solar cells,
nanosensors and optical interconnects [1-3]. Si NPs can improve the efficiency lower costs of
photovoltaic solar cells. Si NPs represent a qualitatively new control by light.

In this paper, the formation of SiNPs arrays by means electron-beam lithography and dry
etching was described. As substrate, we used single-crystal n-type Si (100) wafer. Electron
lithography was performed using Pioneer setup.Si NPs with diameters ranging from 50 nm to
350 nm with heights from 80 nm to 800 nm were fabricated. Figure 1 shows SEM images of
Si NPs.
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Fig. 1. a) SEM image of Si NP array, pitch 630 nm (view from above), the scale bar is 200 nm, b) SEM
image of Si NP array, pitch 400 nm (tilt angle = 54¢, the scale bar is 1um).

The pillar diameter was changed by varying the radiation dose. For deep etching of
silicon (to a depth of 600 nm and larger), we used anisotropic plasma etching using a mixture
of SF¢/C4Fsg in a two-stage cyclic mode (the Bosch process). Scanning Electron Microscope
(SEM) and Atomic Force Microscopy (AFM) were used to characterize the Si NPs. It was
found that passivation of the surface using titanium oxinitride improves the electrical
properties of the nanopillars. We also performed passivation by the method of boiling in
concentrated nitric acid, as a result of which silicon oxide was formed. Oxidation in nitric
acid was required for samples formed by the Bosch method in order to remove the polymer
which remained on the walls of the Si NPs; in this case, insignificant heating of the NP walls
was observed and roughness of the edge increased. The technology of the formation of silicon
cone and tapered Si NP was also developed.

This work was supported by RFBR via grant 16-32-00269.
[1] Krogstrup P, Jorgensen H. I., Heiss et al., Nature Photonics, V. Ne 7,pp. 306-310
(2013)

[2] Baomin Wang and Paul W. Leu , Optics Letters, Vol. 37, pp. 3756-3758 (2012)
[3] Priolo F, Gregorkiewicz T, Nature nanotechnology, 2014, V. Ne 9, pp. 19-32
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NON-RADIATIVE ENERGY TRANSFER IN QUANTUM DOT ENSEMBLE
MEDIATED BY LOCALIZED SURFACE PLASMONS
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e-mail: lyamkina@isp.nsc.ru

Semiconductor quantum dots (QDs) are one of the major candidates for practical
implementation of single photon source in solid-state optical devices of new generation. A
promising approach to control QDs optical properties is using plasmonic particles to enhance
luminescence of QDs by Purcell effect and to direct their emission. In our work [1] plasmon-
exciton interaction was experimentally investigated in hybrid systems with InAs/AlGaAs
QDs, located under indium nanoclusters and a mechanism of this interaction via plasmon-
mediated energy transfer between QDs was proposed.

To study the interaction dependence on the distance hybrid structures with 5 layers off
QDs were fabricated. The interdistance between layers was set to be 10 nm, After the
formation of the last QD layer a buffer layer of 10 nm of Al0.3Ga0.7As was grown. Then As
valve was closed and In amount of nominally 1.7 InAs monolayers was deposited to the
surface. In the absence of As indium formed metal nanoclusters. In the photoluminescence
(PL) spectra of this structure besides a wide QD peak centered at 1080 nm there was a weak
feature at 1200 nm, that according to [1] is due to energy transfer between QDs .

It is well known that plasmon-exciton interaction strongly depends on the distance. To
study this effect we denote the partial PL signal from a single QD layer under metal clusters
as I, and PL signal of other QDs as I. According to AFM analysis, metal clusters occupy just
5% of the sample area. The PL signal from QDs taking part in the plasmon-exciton interaction
decreases with the layer number, but all five layers of uninteracting QDs have equal
contribution to the main QD peak. Then the ratio of these signals @ can be described as

a=0.05%(1"y + 1'y + 1’3 + 1"y + 1'5)/(0.95*_5*_1I)

The contrlbutlon of I; ecreases W|th increasing i, so the effective plasmon-exciton
interaction in the structure drops. If all parts of the sum but 1’ are neglected, the ratio in five-
layered structure drops by a factor of 5 when compared to a single-layer one. When the PL
spectrum of the layered structure is decomposed to Gaussians, the area of the long-
wavelength peak is around 6% of the main QD peak, while for the single-layer structure it is
30%. Therefore, our PL analysis revealed that in the hybrid structures there is a strong
dependence of plasmon-exciton interaction on the distance between QDs and metal clusters. It
was demonstrated that only QDs from the layer that is closest to clusters can interact with the
plasmon mode. The results obtained may be used for design of more complex hybrid
multilayered structures.

The work was supported by RFBR via grant 16-37-60075. AAL acknowledges the
financial support via RF president scholarship (SP-3014.2016.3).

[1] A.A. Lyamkina et al. JETP Lett. 99, 4, 219 (2014).
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BE3BI3JIYYATEJBHBIN IEPEHOC SJHEPTUU B AHCAMBJIE KBAHTOBBIX
TOYEK 3A CUET JIOKAJIN30BAHHBIX IOBEPXHOCTHBIX IIVIASMOHOB

A.A. Jlavxuna’, C.IT. Momenko'
Huemumym ¢husuxu nonynpogoonuxog um. A.B. Pacanosa CO PAH, Jlagpenmvesa 13,
Hoesocubupck, 630090
e-mail: lyamkina@isp.nsc.ru

[HonynpoBonHukoBsle kBaHTOBble TO4kH (KT) SBISIIOTCA OCHOBHBIMHM — KaHIWAATaMM JUIS
peanuzanuyi OJHO(POTOHHOTO KBAaHTOBOTO HM3IydaTeNsi B TBEPAOTEIBHBIX ONTHYECKUX MPHOOpax
HOBOTO TMOKOJNEHUs. [lepCrieKTUBHBIM MOAXOMOM JUIsS YHpaBJICHHs UX ONTHYECKUMH CBOMCTBaMHU
ABJISIETCSl UCIONB30BaHNE IIA3MOHHBIX YacTHIl, CIIOCOOHBIX ycuiauBaTh moMuHecueHmo KT 3a cuér
a¢pdexra [lapcenna u HampapisaTh UX H3nMydeHue. B Hamielr paborte [1] ObIIO SKCIEpUMEHTaIBHO
M3yYeHO SKCUTOH-TUIa3MOHHOE B3amMmojeicTBie B cucteme ¢ InAs/AlGaAs KT, pacmonoxeHHBIMU
[IOA HAHOKJIACTEPAMU WHAWSA, U HPEIJIOKEH MEXaHHW3M B3aMMOICHCTBHUS IIOCPEICTBOM IIepeHoca
sHepruu B nogancambie KT mog knactepom.

s n3ydeHus B3auMOICHCTBHUS OT PAaCCTOSIHUS ObLITH N3TOTOBJICHBI THOPUAHBIE CTPYKTYPBI CO
cronbmamu KT InAs/Al0.3Ga0.7As u3 maru ciioés KT, paccrosiare Mexry KOTOPBIMU OBLIO BBIOPaHO
paBubiM 10 HM. [Tocne pocta nocienuero ciost KT u 0ydeproro cinos Al0.3Ga0.7As Ha TOBEPXHOCTb
B OTCYTCTBHH ITOTOKA MBIIIIBSKA ObLI0 HAHECEHO KOJIMYECTBO WHINS, HOMUHAIIEHO COOTBETCTBYIOIIIEE
1.7 moHocmost InAs, 1 copMEpOBaHBI MeTAJUTMYECKHE KIIACTephl. B criekTpe (hoToNmfOMIHECTIEHITHH
(®JI) crpykrypsl ¢ msaThio cnosiMu KT 1 kiactepaMyu HHAXS Ha TOBEPXHOCTH KPOME LTMPOKOTO MHKa
KT na 1080 M npucytcTByeT ciabast ocooenHocTs Ha 1200 HM, cornacHo [ 1] cBI3aHHas ¢ IEpEHOCOM
sHeprun Mexnay KT. M3BecTHO, UTO 3KCUTOH-IIIA3MOHHOE B3aMMOZEHCTBHAE CHIIBHO 3aBHCHT OT
paccrosHus. s BeIsicHeHUsI 3Toro 3 dexra 0603HauNM yaeNbHbIH curaan oxHoro cios KT,
KOTOpbIe HaXOATCs MO Kiactepamu, kKak |, a curnan ot ciost octanbubix KT kak |. Cormacao ACM
M3MEPEHHUSIM MEeTaJNINYECKUe KlacTephl 3aHUMaroT 5% mutomanu oopasua. Ilpu stom curnan ot KT,
YYacCTBYIOIIMX B 9KCUTOH-TIA3MOHHOM B3aUMOJIEHCTBHH, YMEHBIIIAETCS C HOMEPOM CJI0s, a BCE MATh
cioés HeBzanmoaeicTByromux KT garoT onnHakoBbii BkIa B ocHoBHOM ik KT. Torga oTHOmIEHNE
9THUX CUTHAJIOB @ MOXKHO 3aITUCaTh KaK

a=0.05*(l"y + 1) + '3+ 1"y + 1'5)/(0.95*_5*_1),

Brnaz |'; ymenbiaercst ¢ poctom I, 9TO MPUBOJNT K MaACHHIO 001IeH 3D (HEKTUBHOCTH IKCUTOH-
TIA3MOHHOTO B3aNMOJCHCTBHS B CTPYKTYpe. B mpenebpexeniy Bcemu dieHaMu CyMMBI, kpome 1y,
BEJIMYMHA B IISTUCIIONHON CTPYKTYPE YMEHBIIAETCA B 5 pa3 0 CPABHEHUIO CO CIIy4aeM OJAMHOYHOTO
cinos. IIpu pasnoxenuu cnekrpa @JI MHOrOCIOMHON CTPYKTYpPBI HA TayCCHUAHBI ILIOIIA/b
JUIMHHOBOJIHOBOT'O MTHKA COCTABIISIET OKOJI0 6% OT IJIOIIa i OCHOBHOTO ITMKA, a JUISI OJUHOYHOIO
cios 3Ta BennuuHa coctaBuia 30%. Takum o6pas3om, ananu3 nanusix OJI mo3BosseT yTBepKaaTh,

YTO B TAKOW CUCTEME MMEETCS CHIIbHAsA 3aBUCHMOCTDb B3aUMO/IEUCTBUS OT PACCTOSHUS, U TOJIBKO
9KCUTOHBI U3 KBAHTOBOM TOYKH, PACHIOIOKEHHON B OJIMKHEM K KJIACTEPY CIIO€, MOTYT
B3aUMO/ICHCTBOBATH C TUIa3MOHOM. [loTyueHHbIe JaHHbIE MOTYT OBITh HCHOIB30BAHbI JIJIsI M3aiiHa
MHOTOCJIOWHBIX THOPHIHBIX CTPYKTYP.

Paboma 6vina noodepoicana PODU (16-37-60075). AAJI svipasicaem brazodaprocms 3a
npedocmasierue QuHancosol noddepicku 6 sude cmunenouu Ipesudenma P® CI1-3014.2016.3.

[1] A.A. JIamxuna v 10p., [Hucoma 6 KOTD, 99/4, 245 (2014).
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INVESTIGATION OF NANOCATALYSTS USING THE PDF METHOD

K.l. Shefer™?
'Boreskov Institute of Catalysis, Siberian Branch of Russian Academy of Sciences,
Lavrentieva pr. 5, Novosibirsk, 630090
Novosibirsk State University, Pirogova Str. 2, Novosibirsk, 630090
e-mail: shefer@catalysis.ru

The structure diagnistic of nanomaterials, including nanocatalysts, is a necessary step of
their investigation, because their structure specificities determine the properties of these
materials. An important moment is the identification of the phase composition and structure
features of phases, which constitute studied nanomaterials. The application of usual X-ray
diffraction methods, based on the analysis of the position and intensities of diffraction peaks,
and giving of information of the averaged atomic and real structure, for this investigation, in
the case of nanosystems can be difficult. In this case the use of special methods that take into
account the specific features of X-ray scattering from small objects is required.

A diffraction pattern of the polycrystals with coherent scattering region sizes below 1-3
nm is similar to some extent to a diffraction pattern of an amorphous material, because it is
characterized by a strong broadening of the diffraction peaks. Therefore, it is reasonable to
employ a method used for the analysis of X-ray amorphous materials to the analysis of the
structure of nanoobjects. The structure of such materials is studied by an X-ray diffraction
method of the radial distribution of atoms or the radial electronic density distribution, also
known as the analysis of atomic pair distribution function (PDF-analysis). The PDF method is
based on the integral analysis of the X-ray scattering intensity curve and reveals the short
range order of atoms regardless of the degree of studied material dispersity and disorder. The
method provides information on the interatomic distances and coordination numbers of atoms
in the structure. The method can be used to detect and evaluate the size of phases less than 3
nm, which are not detected by the usual powder X-ray diffraction analysis of interplanary
distances, as well as to detect defects in the atomic structure of nanoobjects too.

An investigation of the alumina and aluminum hydroxide structure is given as the method
application in this work. These substances are of great importance for catalysis and they are
used mainly in nanoscale view. The improvement of methods of dispersed materials structure
investigation and the appearance of novel methods of their synthesis give a new impetus to
the study of their structure and properties. The local structure of aluminium hydroxides and
alumina, obtained by different methods and having various characteristics, was considered
using the PDF method.

This work was carried out within basic budget funding (the state task), the project
V.44.1.17.
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NCCIEJOBAHUE HAHOKATAJIU3ATOPOB METO/10OM PDF

K.N. Hleq;epl'z

! DedepanvHoe 20cyoapcmeeHHoe 00xcemuoe yupedicoeHue Hayku Uncmumym xamanusa
um. I'K. Bopeckosa Cubupckoeo omoenenus Poccuiickoti akademuu Hayx,
630090 2. Hosocubupck, np. ak. Jlagpenmvesa 5
2 Dedepanvhoe 20Cy0apcmeeHHoe asmMoHOMHOE 00PA308AMENbHOE YUPEHCOCHUE BbICULIE20
obpazosanus «Hosocubupckuil HaYUOHATLHBLU UCCIE008AMENbCKULL 20CYOAPCEEHHbLI
yrusepcumemy, 630090 2. Hosocubupck, yn. Ilupocosa, 2
e-mail: shefer@catalysis.ru

CTpyKTypHasi AMarHOCTHKA HAHOMATEPHAJIOB, B TOM YHCJI€ HAHOKATAIN3aTOPOB, SBISETCS
HEOOXOJMMBIM [IaroM IMpPH HMX HCCIEJOBAHUU, IIOCKOJIBKY OCOOCHHOCTU CTPYKTYpPHI
OTIPENIeNIAIOT CBOMCTBA ATHX MarepuaioB. BaKHBIM MOMEHTOM SBISETCS YCTAHOBJIICHHE
¢da3oBoro cocraBa M CTPYKTYPHBIX OCOOCHHOCTEW (a3, COCTABIAIOIIUX HCCIETyeMbIe
HaHoMarepuanbl. [IpuMeHeHHe afii 3TOro OOBIYHBIX PEHTTEHOrpapUUEecKuX METOJIOB,
OCHOBAHHBIX Ha OIPEEIICHUH TMOJOKEHUS W IUPHUHBI AU(PPAKIIMOHHBIX MUKOB, W JAIOIINX
uHopmarioo 00 YCpPeIHEHHOW aTOMHOM W peajbHON CTPYKTYpe MaTepHalioB, B Ciy4ae
HAHOCHCTEM MOXeT ObITh 3aTpyAaHeHo. [loaTomy B 3TOM ciyyae TpeOyeTcsl MCIOIb30BaHUE
CHENHATbHBIX METOIUK, YUYUTHIBAIOIINX OCOOCHHOCTH PACCESHUS PEHTICHOBCKHX JIydeil Ha
00BEKTax Majoro pamepa.

JudpakionHas KapThHa OT TMOJHKPHUCTAIUIOB C pa3MepamMH OO0JIaCTH KOTepeHTHOTO
paccesHusi MeHee 1-3 HM Mmoxoka Ha JUQPPAKIUOHHYIO KapTHHY OT aMOp(HOro Marepuaa,
MIOCKOJIbKY OHa XapaKTEpU3YeTCsl CHIIHBIM YIIUPEHHEM AU(PaKIMOHHBIX MMUKOB. B cBs3m ¢
9TUM K H3YYEHHUIO CTPYKTYPbl HAaHOOOBEKTOB II€IECOO0PA3HO MPUIOKUTH METOJ, KOTOPBIN
UCTIONB3YETCS ISl M3YyYeHHs] PEHTIeHOaMOpP(HBIX MarepuaioB. TakuM METOIOM SIBISETCS
METOJl paIuaIbHOTO PACIPEAETICHHS dJICKTPOHHOM TNIOTHOCTH, KOTOPBIN TAaK)Ke U3BECTEH KaK
PDF-meton (Atomic Pair Distribution Function). Merox PDF ocHoBaH Ha HMHTErpaibHOM
aHaIM3e KPUBOH MHTEHCHBHOCTH PACCESHUS PEHTTCHOBCKUX JIydedl B IIMPOKOM HHTEpBaie
YIJIOB W TIO3BOJISIET MOMYYHTHh MH(POPMAIUIO O ONMKHEM TOPSIKE HE3aBHCUMO OT CTENEHH
JMCTIEPCHOCTH M Pa3ynopsJ0U€HHOCTH UCCIIeAyeMoro Marepuana. Meton naet uHdopMmanuio
0 MEXATOMHBIX PACCTOSIHUSAX M KOOPJWHAIIMOHHBIX YHCIaX aTOMOB B CTpyKType. OH MOXeT
OBITH HCIOJNB30BAH JI1 OOHApY)KEHUS M OLIEHKH pa3MepoB HAHOOOpa3oBaHUI MeHee 3 HM,
KOTOpBbIE HE BBIABIAIOTCS TNpuU  OOBIYHOM (ha30BOM aHalU3€ [0 MEXKIUIOCKOCTHBIM
paccTosIHUSAM, a TaK)Ke ISl YCTAaHOBJICHUS 1e(DeKTOB aTOMHOM CTPYKTYPHI B HAHOOOBEKTaX.

B kadecTBe MpuIIOKEHNUS METOAA B JAHHOW pabOTe MPUBENEHO MCCIIEJOBAaHUE CTPYKTYPHI
QIIOMOOKCUIHBIX CHCTEM, IIOCKOJBKY ATH BELIECTBa MMEIOT OIPOMHOE 3HAYeHHe JUIs
KaTajn3a, 1 UCTIOIB3YIOTCS MPEUMYIIECTBEHHO B HAaHOpa3MepHOM Bujie. COBEpIIICHCTBOBAHNE
METOJIOB M3YUEHHS CTPYKTYpPHI TUCTIEPCHBIX BEIIECTB M IMOSIBICHHE HOBBIX METOIOB CHHTE3a
JTAIOT HOBBIM TOMYOK K M3YYEHHUIO MX CTPYKTYyphl U cBoiicTB. C momompio merona PDF
paccMOTpeHa JIOKaJbHAasi CTPYKTYpa THUAPOKCHIOB M OKCHIOB AQIIFOMUHWUS, TIOJYYEHHBIX
pa3HBIMU CIIOCO0AMH U MIMEIOIINX Pa3IMYHBIC XapaKTEPHCTUKH.
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METAMATERIALS, TOPOLOGICAL PHOTONIC CRYSTAL AND ORIGINAL HYBRID
MICRO-NANOMATERIALS

V.Ya. Prinz
Rzhanov Institute of Semiconductor Physics SB RAS, Lavrent'ev Ave. 13, Novosibirsk, 630090 Novosibirsk
State University, Pirogova Str. 2, Novosibirsk, 630090
e-mail: prinz@isp.nsc.ru

Passage from micrometer to nanometer sizes has allowed formation of new materials and devices with
substantially improved properties. Nanotechnology is subject to the same general requirements which are
imposed on microtechnology. These are the possibility of mass fabrication of products, and high precision
and reproducibility of nanostructures and nanomaterials. Here we discuss 4 nanotechnologies (additive
manufacturing, nanoimprint-lithography, our original rolling-up technology, and graphene growth
technology) as well as novel materials formed by means of them in Rzhanov Institute of Semiconductor
Physics SB RAS.

Additive manufacturing (3D printing) can be described as the fabrication of structures and devices by
depositing a material (as a rule, in layer-upon-layer manner) according to a 3D CAD model. Additive
manufacturing provides the opportunity for unprecedented breakthroughs in new materials, structures and
devices for a wide range of applications. 3D printing ideally suits the purpose of formation of intricately
shaped objects. This technique allows deposition of various materials in 3D space with high precision
according to a CAD model. It is important that, in many cases, we have obtained a means enabling the
fabrication of new materials and devices that cannot be produced by any other technology. Special
emphasis is laid on two-photon polymerization processes, where a minimum line width of 9 nm has already
been achieved, and on electrohydrodynamic jet printing, which techniques have enabled the formation of
device elements sized smaller than 20 nm.

High technology can be made chip on condition of mass parallel production of nanostructures and
nanomaterials on large areas. A most appropriate large-area technology is imprint (stamp) nanolithography..
In the world, imprint lithography and continuous die forming technology on flexible polymer films with
resolution from several ten micrometers to tens and several nanometers are under development. Imprint
lithography was used to demonstrate scalability of fabricated metamaterial elements.

With use of our technology we have created seven new electromagnetic metamaterials with 3D
resonators, including chiral isotropic and anisotropic resonators, high-frequency magnetic resonators,
tubular resonators with helical conductivity, and resonators with polymer-embedded elements. Materials
with such properties were never found in nature. Electromagnetic metamaterials are artificial materials
composed of resonant elements whose interaction with electromagnetic radiation provides for extraordinary
electromagnetic properties of such materials not found in their natural counterparts. Electromagnetic
metamaterials offer much promise in many important applications, ranging from lenses with
subwavelength focusing to cloaking.

Original methods and technologies for fabrication of 3D semiconductor, graphene and polymer
nanostructures are discussed.

One of the most promising materials is the photopolymers containing vanadium dioxide (VO2)
nanoparticles and thin film coatings for laser-induced forward transfer and graphene.

VO?2 is a strongly correlated oxide that undergoes a sharp metal-insulator transition in the vicinity of
room temperature. Graphene is a new modern material pertaining to the field of nanotechnology. For
applications of this material, one has to be capable of growing single-crystal graphene sheets on large
substrate areas (more than 1 cm?) and forming conducting graphene films with high charge-carrier mobility
values on insulating substrates. Also, the possibility of functionalization of graphene sheets during their
exposure to chemical agents, the possibility of creation of heterostructures involving graphene sheets, and
the formation of metamaterials and devices on the basis of such heterostructures are required.

The realization of metamaterials, topological insulators for photons could have a major impact on
optical devices, making them more robust and more energy efficient.

This work was supported by the grant of Russian Science Foundation (Project 15-12-00050)
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COMPACTS OBSERVED AT DIFFERENT LENGTH SCALES
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! Lavrentyev Institute of Hydrodynamics SB RAS, Lavrentyev Ave. 15,
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2 Institute of Solid State Chemistry and Mechanochemistry SB RAS, Kutateladze str. 18, Novosibirsk,
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% Novosibirsk State University, Pirogova Str. 2, Novosibirsk, 630090
* Novosibirsk State Technical University, K. Marx Ave, 20, Novosibirsk, 630073

e-mail: dinal807@gmail.com

Spark Plasma Sintering (SPS) is normally conducted in graphite dies using graphite punches and
graphite foil, which protects the punches and the die wall from the chemical action of the sintered
materials and establishes better conditions of electric contact between the punch and the die wall and
the punches and the sample. Foils made of other materials can be used when contact with carbon is
undesirable. Caused by electric current-related effects and features of the tooling design,
microstructural non-uniformities can appear in the Spark Plasma Sintered compacts at the particle size
and compact size scales. In this presentation, different aspects of their formation will be considered.

At the particle size scale, the microstructural differences arise from melting of the sintered
material or chemical reactions occurring locally — at the inter-particle contacts or involving several
powder particles. To illustrate this, pressureless SPS of an iron powder in contact with Cu foil (used
instead of graphite foil) will be described. The rim areas of the porous Fe compact showed a
microstructure different from that of the rest of the volume. Regions that experienced melting and
solidification had a size of several particle diameters [1]. Local melting was caused by a temperature
rise due to a high contact resistance of the compact-foil contact spots in the rim areas.

At the sample size scale, the differences in the microstructure can be caused by radial temperature
gradients, interaction of the sintered material with the material of the foil and asymmetry of the die-
punch assembly. In this work, we focused on (1) situations when the material of the foil participated in
the phase formation and (2) SPS conducted without the upper punch. When Ni-diamond mixtures were
Spark Plasma Sintered in contact with tantalum foil, tantalum carbide TaC was detected on the flat end
of the compact due to chemical interaction of diamond with tantalum [2]. Carbon of graphite foil was
shown to diffuse into the sample forming carbide phases with the elements of sintered metallic alloys
[3]. It was found that SPS of the Fe-40at.%Al mixtures conducted without the upper punch produces
porous compacts with gradients in the phase composition and microstructure [1]. In the upper part of
the compact, which was not in contact with the punch, only partial transformation of Fe and Al into
FeAl took place, fully consuming Al and leaving unreacted Fe, while complete transformation into
FeAl was observed in the layers adjacent to the flat end of the lower punch (SPS at 650°C). Along
with FeAl as a major phase, the fully reacted material contained AlFe;C as a minor phase due to the
presence of carbon in the surface layers of the particles of carbonyl iron. The presence of the AlFe;C
phase in the compacts, in which free Al was still present (SPS at 500°C with both punches), indicates
that its formation depends on the reaction initiation between the surfaces of Fe and Al particles. As Al
was fully transformed in the upper part of the compact, the absence of AlFe;C cannot be explained by
a lower temperature. Rather, it shows that the reaction was ignited in fewer initiation sites in the upper
part of the compact due to current redistribution in the assembly without the upper punch.

This research is partially supported by the Russian Foundation for Basic Research, project 15-
33-20061 mol_a_ved.

[1] D. V. Dudina, A. V. Ukhina, A. E. Brester, V. I. Mali, A. G. Anisimov, B. B. Bokhonov, Proc. Int.
Forum on Strategic Technology (IFOST-2016), Novosibirsk, Russia, June 1-3, 139-143 (2016).

[2] B. B. Bokhonov, A. V. Ukhina, D. V. Dudina, K. B. Gerasimov, A. G. Anisimov, V. |. Mali, RSC
Adv. 5, 51799-51806 (2015).

[3] D. V. Dudina, B. B. Bokhonov, A. V. Ukhina, A. G. Anisimoyv, V. I. Mali, M. A. Esikov, I. S.
Batraev, O. O. Kuznechik, L. P. Pilinevich, Mater. Lett. 168, 62-67 (2016).
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E.A. Baranov', A.O. Zamchiy'?, S.Ya. Khmel*
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e-mail: zamchiy@gmail.com

Low-dimensional structures have attracted scientific and technological interest in recent years
because of their unique physical and chemical properties. Among them, the silicon oxide nanowires
having high intense and stable blue light emission at the room temperature [1], a low refractive and
absorption indices [2], biocompatibility [3] can be applied as building blocks in optoelectronic devices.

Usually, silicon oxide (SiOy, x < 2) nanowires are synthesized by the vapor-liquid-solid (VLS)
mechanism on catalyst particles using the thermal evaporation method at temperatures around 1100°C
[4]. Plasma enhanced chemical vapor deposition method can significantly lower the synthesis, but in any
case the synthesis temperature should be higher than Si-catalyst eutectic point according to the VLS
mechanism [5]. Considering this limitation, tin (Sn) and indium (In) are one of the most suitable
catalysts for low-temperature growth. The Si-Sn and Si-In system eutectic point is 232°C and 157°C
respectively.

In this study, gas-jet electron beam plasma chemical
vapor deposition along with Sn and In catalysts was used to
synthesize the SiO4 nanowires in particular, arrays of
oriented bunches (“microropes™”) of it (Fig.1) at reduced
substrate temperatures (260-335°C for Sn and 200-335°C
for In, respectively) from monosilane—argon-hydrogen
mixture on monocrystalline silicon wafers.

The morphology of the structures was investigated by
microscopy using a JEOL JSM-6700F instrument. Fourier

% s transform infrared spectra were measured with a Scimitar
SR FTS 2000 FTIR spectrometer in the range of 4000400 cm’
! with a resolution of 1 cm™ to investigate the bond
structure  of the  synthesized  material.  The
photoluminescence at room temperature of the
nanostructures was investigated using a 10 mW He—Cd laser at 325 nm as the exciting source.

In the case of the Sn catalyst utilization, substrate temperature decreasing to 270 and 245°C leads
to transformation of “microropes” to cocoon-like structures. And at 200°C, formation of arrays almost
consisting from such structures occur. In the case of the In catalyst utilization, substrate temperature
decreasing to 150°C leads to the cocoon-like structures formation, and decreasing the temperature to
100°C leads to overgrowing of catalyst particles by silicon suboxide film.

Fig.1. SEM image of array of SiOy
nanowires synthesized at 335°C.

The reported study was supported by grant Russian Foundation for Basic Research #15-
08-05394 a.

[1] D.P. Yu et al., Appl. Phys. Lett. 73 3076 (1998).

[2] E.D. Palik Handbook of Optical Constants of Solids (Academic Press Inc., San Diego), 749 (1985).
[3] R.G. Elliman et al., J Appl Phys 103:104304 (2008).

[4] Y.-S. Lai et al., Chem Phys Lett 453:97-100 (2008).

[5] S. Misra et al., J Phys D Appl Phys 47:393001 (2014).

[6] E. Baranov, S. Khmel, and A. Zamchiy, IEEE Trans. Plasma Sci.42, 2794 (2014).

120
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Zeolites represent a unique class of crystalline aluminosilicates with ordered micropores of
molecular dimensions (<2 nm) having a high specific surface area (350-450 m%(g). The key
problem of zeolite catalysts is intracrystalline diffusion constraints resulting in low utilization of
zeolite active surface especially in adsorption and catalytic processes involving large molecules.
The effective approach for enhancing zeolite surface utilization is to produce hierarchically
porous zeolites, having besides micropores an additional system of meso- and macropores. To
increase accessibility of the active zeolite surface, two main approaches are applied: top-down —
chemical treatment of conventional zeolite crystals for mesopore formation and bottom-up — the
synthesis of meso/macroporous zeolites with desired texture ab initio.

The present study describes the synthesis of hierarchically porous zeolites by bottom-up
approach using the following routes: zeolite crystallization in pores of polystyrene matrix and
the patterning of nanocrystals [1].

Synthesis methods of zeolite ZSM-5, beta and Fe-silicalite-1 with different morphology and
crystal size in the range from 30 to 5000 nm have been developed. Uniform zeolite nanocrystals
were used as initial blocks for building hierarchical zeolites, the texture of material depending
on the size and packing of nanocrystals. Monodisperse polystyrene microspheres (150—
1100 nm) were produced as templates. Meso/macroporous Fe-silicalite materials were
synthesized in PS matrix followed by the template removal via calcination. The synthesized
samples were characterized by laser diffraction analysis, dynamic light scattering, X-ray
diffraction, scanning and transmission electron microscopy, argon and nitrogen adsorption
measurements, inductively coupled plasma optical emission spectrometry, UV visible diffuse
reflectance spectroscopy and temperature-programmed desorption of ammonia. All zeolite
samples exhibited high crystallinity, high BET surface area (480-650 m?/g), external surface
area (180-350 m?g) and total pore volume (0.50-0.75 cm®g). Catalytic performance of
hierarchically porous Fe-silicalite materials was studied in total liquid-phase oxidation organic
molecules, including phenol, antibiotic — clarithromycin lactobionate and metal ion complexing
agent — ethylenediaminetetraacetate (EDTA) by H,O, at low temperatures (298-323 K)
compared with the reference Fe-silicalite microcrystals. Hierarchical Fe-silicalites were shown
to be more efficient catalysts vs Fe-silicalite microcrystals due to increasing catalytic sites
accessibility. A new method of radiocobalt removal from EDTA chelates by catalytic oxidation
of EDTA by H,0; via heterogeneous Fenton-type zeolite catalysts have been suggested and
patented [2].

This work is supported by RFBR grant, project N. 16-33-00523.
[1] K.A. Sashkina, N.A. Rudina, A.l. Lysikov, A.B.Ayupov, E.V.Parkhomchuk, J. Mater.
Chem. A., V. 2., 1. 38: 16061-16070 (2014).

[2] K.A. Sashkina, A.V. Polukhin , V.S. Labko, A.B. Ayupov, A.l. Lysikov, E.V. Parkhomchuk,
Applied Catalysis B: Environmental, V. 185: 353-361 (2016).
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[{eonuThl — yHUKaJIbHBIA KJIaCC KPUCTAJUIMYECKUX AJTFOMOCHUIMKATOB, UMEIOIINX OOJIbIIYIO
mromans  moBepxHocTH  (350-450  MP/r)  BCHENCTBHE  YNOPSIOYEHHBIX — MHKDOIIOP
MoJIeKyIsipHOro pasmepa (< 2 uwm). KiroueBas mnpoOieMa LEOJMTHBIX KaTajau3aTopoB —
TU(GPY3MOHHBIC OTPAaHUYCHUS, KOTOPHIC TPHUBOISIT K HU3KOM CTENCHH HWCIIOIB30BAHUS
MOBEPXHOCTHU I1I€0JINTA, OCOOEHHO B IIPOLECCaX C YyYaCTHEM KPYIHBIX MOJEKyll. Jliisi pereHus
npo6seMbl 3((GEKTUBHOTO HCIIONB30BAHUS IICOJIMTHBIX KAaTaIM3aTOPOB, OYpHO pa3BHUBAIOTCS
pa3iuyHble METOAbl INPUTOTOBJICHUSI HEPAPXUUYECKUX LIEOJUTOB, COJAEpXKAIIUX IOMUMO
MHKpOIIOp JOTIOJIHUTEIBHYIO CHUCTEMY TpPAaHCIIOPTHBIX Me30/Makporop. CyliecTByeT aBa
NPUHLMUIKAIBHO Pa3HbIX MOAXOAA K CHHTE3y HEPapXUUYECKUX LIEOJIUTOB: CBEPXY-BHU3 —
CO3JIaHHE MEpapXMUYECKOM IMOPUCTOCTH IyTEM YAaCTUYHOM AECTPYKUUHU JHOO NEpecTpOrKH
pPELIETKH KpPUCTAIOB LEOJIWTAa M CHHU3Y-BBEPX — (POPMUPOBAHHE AONOJHUTENBHBIX IIOP
HENOCPEACTBEHHO BO BpEMsl KPUCTAIIIU3ALIUN.

Haiue uccnenoBanue nocBsIeHO CUHTE3Y HEPAPXUUECKH OPUCTHIX LEOIUTOB C TOMOILIBIO
MOAXO/a CHHU3Y-BBEPX C IPUMEHEHUEM METOJOB: KpHUCTALUIM3alUMM LEOJIWTa B IOpax
MOJIMCTUPOJIBHOM  Marpullbl U CTPYKTypUpOBaHUA HaHOKpuctauioB [l1]. B pamkax
UCCIICIOBAHUS ObLIH pa3paboTaHbl METOBI CUHTE3a 1eoiuToB ZSM-5, B u Fe-cunukanura-1 ¢
paznuuHoit mMopdonorueit U pasmepom KpuctauioB B auamazone oT 30 mo 5000 uMm wu
UepapXHuecku TOPHUCTHIX o0pa3noB Fe-cunukanuta u neonuta [. Marepuansl ObLTH
OXapaKkTepU30BaHbl METOJAMM JIa3epHON AU(PPaKIUK, IUHAMUYECKOIO pacCesHMs CBETa,
peHTreHo(a30BOro aHaIN3a, CKAHUPYIOLLEH U MPOCBEUNBAIOLIEH 3JIEKTPOHHON MUKPOCKOIINH,
HU3KOTEMIIepaTypHOU afcopOuuu aproHa W azoTa, aTOMHO-DMHCCHOHHOW CHEKTPOMETPUU C
MHAYKTUBHO CBA3aHHOM IJIa3MOM, 3JIEKTPOHHOM CHEKTPOCKONUU NU(Py3HOro oTpakeHus u
TEPMOIIPOTPaMMUPYEMON JtecopOru ammuaka. Karamuthueckue CBOMCTBA HEpapXUUYECKU
MOPHUCTBHIX MaTepuajoB Ha OCHOBE Fe-cuinkanuTa OBLTM M3YYEHBI B TpOIEcce TITyOOKOro
KUAKO(A3HOTO OKHUCIIEHUS OpraHMYEeCKHMX MOJIEKYJl MEpOKCHIOM Bojopona: (eHona,
anTubmoruka — kjanuga u komruiekcona — DJITA. TlpemnoxeH W 3amareHTOBAH METOJ
00€3BpeKUBAHUS JKUJKUX PATUOAKTUBHBIX OTXOJOB aTOMHBIX DJIEKTPOCTAHIUN MyTEM
BBIJICJICHUS] PAJMOHYKIUIOB M3 IPOYHBIX KOMIUIEKCOB C OPraHMYeCKHMHU KHUCIIOTaMH C
MOMOIIbIO KaTAJIUTUYECKOTO OKHCJIEHMSI KOMIUIEKCOHOB MEPOKCHIOM BOJOpOJa B MATKHUX
yCIOBHSIX [2].

Uccneoosanue evinonneno npu Qurancosol noodepiicke PDODU 6 pamkax Hayunoeo
npoexma Ne 16-33-00523 mon_a
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E.V. Parkhomchuk, Applied Catalysis B: Environmental, V. 185: 353-361 (2016)

122


mailto:sashkina@catalysis.ru

THERMOPHYSICAL PROPERTIES OF NANOFLUIDS BASED ON HOLLOW
AL,O; NANOPARTICLES AND WATER
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Practical application of nanofluids is connected with a possibility to create the high-performance
liquid heat carrier. However, when nanoparticles are introduced into the liquid, together with a change
in thermal conductivity some other thermal-physical properties change. The most important
characteristic is viscosity because a gain obtained due to an increase in thermal conductivity can be
lost through a rise of energy spent for liquid pumping. Therefore, it is reasonable to measure thermal
conductivity and viscosity of nanofluids, simultaneously.

In the current study, we used water and hollow and spherical nanoparticles of y-Al,O; (ITP SB
RAS, Russia) with a typical size of 10 nm. To synthesize nanofluids, we used ultrasonic dispersion for
an hour. Thermal conductivity was measured by the nonstationary hot wire method [1]. Viscosity was
measured by the rotation viscometer Fungilab Expert L.

The dependence calculated by the Maxwell’s theory for low volume content of nanoparticles and
the measurement results for thermal conductivity are shown in Fig. 1 (a). Experimental data are
significantly lower than the theoretical dependence, and thermal conductivity differs significantly from
data of other authors. Comparison of experimental data with the theory showed that the presence of
cavity has a little effect on thermal conductivity of nanofluids while the interfacial thermal resistance
has a significant influence on thermal conductivity of nanofluids. The dependence calculated by the
Batchelor’s theory and the measurement results for viscosity are shown in Fig. 1 (b). Experimental
data are significantly higher than the theoretical dependence. These values indicate that the studied
nanofluids have no prospects for use as an effective heat carrier in comparison with the basic liquid.
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Figure 1. (a) Relative thermal conductivity versus nanoparticle volume fraction. (b) Relative
viscosity versus nanoparticle volume fraction.

This work was supported by Russian Scientific Foundation, Project N2/4-19-01379.

[1] P.V. Skripov, A.A. Smotritskiy, A.A. Starostin, A.V. Shishkin, A Method of Controlled Pulse
Heating: Applications, Journal of Engineering Thermophysics. 16 (3), 155-163 (2007).
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EFFECT OF THE ARC-DISCHARGE PARAMETERS ON THE MORPHOLOGY
AND THE ELECTRICAL CONDUCTIVITY OF THE SYNTHESIZED CARBON
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Method of arc-discharge synthesis allows producing metal / oxide / carbide nanoparticles
with dimensions of a few nanometers. Problems of coagulation and size growth of the
nanoparticles are solved by usage of a composite metal-carbon electrode that provides
synthesis of a carbon matrix encapsulating the nanoparticles. However, this carbon matrix
should have sufficient electroconductive properties to use the synthesized nanoparticles in
such areas as: electrocatalysis, including in fuel cells; creation of electrochromic devices, and
others. In this study, the effects of the external parameters of the arc discharge synthesis are
disclosed which influence on the electrical conductivity of the synthesized carbon material.

In result of arc-discharge synthesis the produced carbon materials are condensate which
consists of the globules of a size of 10 - 40 nm. The more detailed study of the structure of the
carbon soot globules showed both amorphous carbon and clearly visible graphite-like
structure in the stacked, curved, twisted and closed forms of graphene layers. The presence of
the graphite structure confirmed by X-ray diffraction phase analysis (XRD) and Raman
spectroscopy (MRS).

The arc-discharge synthesis at pressure of the inert buffer gas of several Torr leads to the
formation of globules with average size of about 10 nm. Using higher buffer gas pressures
increases an average size of globules which increases monotonously up to 40 nm with
increasing pressure.

Mechanical pressing of the synthesized carbon material leads to increasing of
conductivity according to percolation theory. Value of conductivity asymptotically approaches
to a specific value, which is determined for each test material. The pressure and current
dependences of conductivity value calculated for density of 2 g/cm® seems complicated and
nonmonotonic.

The sizes of La of the graphite nanofragments were estimated by the results of the MRS
and get into the interval 0.5 - 2 nm. On this size interval of La conductivity of the synthesized
material doesn’t depend on a graphite structure size due to large value of the contact
resistance, which appears because of the presence of large amount of amorphous carbon.
Contact resistance is determined by amount of amorphous carbon in material. Its influence is
minor when result of the arc-discharge synthesis at pressure of 25 Torr and current of 140 A is
graphene structures ranging in size from 20 to 180 nm, with average of 65 nm, which is
comparable and larger than sizes of soot globules. In this case, the electrical conductivity is
determined by the concentrations of graphene structures and soot globules and described by
percolation theory.

This work was supported by grant RFBR 16-38-00322
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IPDPEKTBI TAPAMETPOB JYT'OBOI'O PA3PAJIA HA MOP®OJIOT'UIO
SJIIEKTPOITPOBOJHOCTDH CUHTE3UPYEMOI'O YITIEPOJHOI'O MATEPHAUJIA.
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DNeKTPOMyroBOil METO[ CHHTE3a IO3BOJSET IONyYaTh MeETaJuIndecKre/OKCHIHbIe/KapOraHbIe
HAaHOUYACTHUIBI C pa3MepaMH BCETO B HECKOJIbKO HaHOMETpoB. [IpobneMy koarymsiquum W pocTa
pa3sMepoB HAHOYACTHI] PEIIacT MCIOIb30BaHHE KOMIO3UTHBIX METAJUI-YIIIEPOJHBIX JIEKTPOAOB, YTO
o0ecreunBaeT CUHTE3 YIJIEPOJHON MaTpPHUIIbl, 00BOIAKMBAIOIIEH HAHOYACTUIIBI. TeM He MeHee, JaHHas
yIaepoAHas MaTpulia MAOJDKHA o0nafaTh XOPOUIMMH SIIEKTPONPOBOSAIIMMH CBOMCTBAMH IS
NPUMEHEHUS] CHHTE3UPOBAHHBIX HAHOYACTHI] B TAKHX OONACTIX KakK: SJIEKTPOKATalN3, B TOM YHUCIE B
TOTUTUBHBIX DJIEMEHTAaX; CO3/[aHHE DIEKTPOXPOMHBIX YCTpOMCTB W Ap. B manHO# pabote
packpeiBaloTcst 3(pQeKkTsl BHENIHMX MNapamMeTpPOB 3JIEKTPOMYrOBOTO CHHTE3a, BIUSIOIIME Ha
ANIEKTPOTIPOBOJHOCTH CHHTE3HPYIOIIETOCs YIIIEPOJHOTO MaTepuania.

VYoieponHslii Marepuall, HONYYAIOIIMHCS B pe3yabTare 3JIEKTPOAYIOBOIO METOJa CHHTE3a,
HPENCTABISACT CO00M caxy M3 PasynopsJOUYCHHOTO YIIEPOIHOIr0 KOHJCHCATa CO CIy4alHBIMH G-/T-
CBS3SIMH. YIJICPOJHBIA KOHJIEHCAT COCTOUT M3 o0y ¢ pasmepamu oT 10 mo 40 um. Ilpu Gonee
JETAIbHOM PACCMOTPEHHUU CTPOCHHMS CAXXEBOM II0OYIBI, HApALy ¢ aMOP(GHBIM yITIEPOAOM, OTUYETINBO
BUJIHBI YYaCTKH C TpapuTONON00HON CTPYKTYpOH B BUJEC MCKPUBICHHBIX, 3aMKHYTBIX, CKDYYCHHBIX U
YIIaKOBaHHBIX B CTONKH rpa)eHOBBIX cloeB. [IpucyTcTBue rpaduToBON CTPYKTYPHI MOATBEPIKIACTCS
pesynbpraTaMu  peHTreHo-audpakiuonHoro  (asooro anamm3a (PDA) w  cmekTpockomuu
koMOuHanmoHHoro paccesaus (CKP).

OKCIIEPUMEHTAIBHO OBIJIO YCTAHOBJICHO, YTO CUHTE3 MPH JaBJICHUH MHEPTHOrO Oy(epHOro rasa B
Heckonbko Topp mpuBOAMT K 00pa3oBaHUIO CaXKEBBIX TIIOOYN CO CpPEeqHHM pasMepoM okomo 10 HM.
HcnonbzoBanue OonbIInX AapiieHHH Oy(hepHOro rasa MPUBOAUT K YBEIWYCHHUIO pa3Mepa CaKeBBIX
100y, KOTOPBI MOHOTOHHO yBennunBaeTcs 70 40 HM ¢ yBenuueHneM jaapieHus. C qpyroi CTOpOHHI,
WCIIOJIb30BAHUE PA3IUYHbIX 3HAYCHUH CHJIBI TOKAa pas3psia CyLUIECTBEHHO HE BJIMAET Ha CPEAHUH
pasmep o0y

[pu MEXaHMYECKOM  YIUIOTHEHHWH CHUHTE3WPOBAaHHOTO  YIVIEPOIHOTO Marepuana,
SNIEKTPONPOBOAHOCTh ~ YBEJIHMYMBAETCS COIIACHO HEPKOIALMOHHOW TEOpUH, ACHUMIITOTHYECKH
npuOMIKasiCh K KOHKPETHOMY 3HAUCHHIO, KOTOPOE OIpeAemsercs UIs KaKIOro HCCIelyeMoro
Matepuana. [lpu cxarmm TUIOTHOCTH jgocturana 3HadeHuit ot 0,4 mo 1,7 r/em® s pa3HbIX
CHHTE3MPOBAHHBIX MATEPHAIIOB. 3HAUCHHS HIEKTPOIPOBOTHOCTH MPH PACUETE JUIS IIIOTHOCTH 2 T/cM®
MIOKAa3aJIH CIIOKHBIE 3aBHCUMOCTH OT JaBJieHHUs Oy(epHOro ra3a v CHIIbl TOKa pa3psijia.

Io pesynsratam CKP Oblim omeHeHBI pazmepsl HaHopparMeHToB rpaduta. beuto ycraHoieHo,
YTO B MaTepHajax ¢ OOJBIIMMH pa3MepaMu TAKHX HAHO(PArMeHTOB NEKTPONPOBOAHOCTD IPUHUMAET
0oJIbIIINE 3HAYCHMS.

3aKIt04eHO0, YTO 3JIEKTPONPOBOMHOCTh 3aBUCHUT OT KBAaHTOBBIX 3((EKTOB, CBI3aHHBIX CO
CTPYKTYpOH TIpadUTONON00HBIX HAaHO(PArMEHTOB, HO OCHOBHOE BIHMSIHHE OKAa3bIBAeT SIBJICHHUE
KOHTaKTHOTO COTNPOTHBIICHHS, CBS3aHHOE€ C MOPQOJOTHEH U CTPYKTYpPOH CHHTE3WPOBAHHBIX
YIIIEPOAHBIX CaXXEBbIX FJIO6yH, Ha KOTOPBIC BJIMAKOT BHYTPECHHHUEC INapaMETpbl TOPECHUA AYTOBOTO
paspsiia U TeUeHUs ra3a B KaMepe peakropa.
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THE EFFECT OF HYDROTHERMAL TREATMENT ON ACTIVITIES OF
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Hydrogen seems to be an attractive alternative to traditional energy sources, but it exists
in nature in the form of compounds with other elements. Water is an ideal hydrogen source.
One of the most effective ways of water splitting is photocatalysis on semiconductors, but
catalytic activity in this process is quite low due to the recombination of photogenerated
charge carriers on the semiconductor surface. The addition of sacrificial agents in the system
reduces the rate of charge recombination and increases the rate of hydrogen evolution. CdS is
considered to be one of the most well-known semiconductor photocatalyst. The photocatalytic
properties of CdS could be modified by mixing with wide band gap chalcogenide
semiconductors such as ZnS [1].

In this study a series of Cdg3Zng7S photocatalysts were prepared by the coprecipitation
method with subsequent hydrothermal treatment at different temperatures in the range 80-160
°C in air atmosphere. To measure of the activities of synthesized samples, a water suspension
with a catalyst and 0.1M Na,S/0.1M Na,SO3 solution was illuminated with a 450-nm LED.
The best result equals to 6,7 pmol min™ has been obtained using particles of CdS, treated at
120 °C. Further, NiS and Au were deposited on the surface of this Cdy3Zng7S sample. The
activities of composite samples equal to 13,0 pmol min” and 14,9 pmol min™ for
NiS/Cdo3Zno7S and Au/Cdg3Zng 7S, respectively. The results of the kinetic measurements are

presented in fig. 1.
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An improvement of H, evolution in the case of the treated samples likely caused by a
change to a hexagonal lattice. It has been recognized early on, that the hexagonal structure is
far more active than the cubic one [2]. With the addition of NiS and Au, photogenerated
electrons in Cdg3Zng;S are migrated to the cocatalyst. Owing to the longer lifetime of
photogenerated electrons, photocatalytic H, evolution rate is improved.
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BJIASTHUE I'MIPOTEPMAJIbBHOM OBPABOTKHA HA AKTUBHOCTD KATAJIM3ATOPOB HA
OCHOBE Cd,3Zn,;S B PEAKIIMM BBIJIEJTEHUS BOJTOPOJIA IO JEMCTBUEM
BNINMOI'O U3JIYYEHUA
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Bomopon mpuBiekacT BHUMAaHUE YYCHBIX KaK aJbTePHATHBHBIA HCTOYHHMK dSHepruu. OmHuM U3
crnocoboB momyueHus H, sBuseTcs (HOTOKATATUTUYECKOE PA3IOKCHHE BOMHBIX PACTBOPOB HA
MOJTYIIPOBOJIHUKOBBIX ~Marepuaiax. Haubosiee pacmpocTpaHeHHBIM Kartaimu3atopoMm siBisiercs  CdS.
dorokatatuTHueckue cBoiictea CdS MoryT ObITh yiydieHsl fobasnenuem ZnS [1].

B nmanHoii pabore Obuta monmydena cepust 06pasioB CdyzZNng7S METOIOM COOCaXKICHUSI PACTBOPOB
coneil KaaMusi W LIMHKAa C TOCHEeNyIIIed TUApoTepMaNbHON 00pabOTKOW B aBTOKIIABE B JHAara3oHe
temmeparyp 80-160 °C. Hawmmyurias CKOpOCTh BBIICICHHS BOAOPONA, paBHas 6,7 LMOIb Mun", Gbuia
JIOCTUTHYTA Ha KaTaimu3arope, oopadoranHom mpu 120 °C. Jlanee Ha TOBEPXHOCTh JaHHOTO 0Opasia ObuIH
HaHeceHsl yacTHIbl NiS 1 AU. AKTUBHOCTh KOMITO3UTHBIX KaTaln3atopoB cocraBuia 13,0 umob vus" 1
14,9 umomnn mun s NiS/Cdg3Zng7S u Au/Cdg3ZNng7S, COOTBETCTBEHHO. Pe3ynbraThl KHHETHYECKHX
SKCIIEPUMEHTOB TPEICTABICHbI HA PUCYHKE.
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100 M7 pactBopa Na,S(0.1M)/Na,SO3(0.1M), A = 450 HM.

VYBenuueHne CKOPOCTH BBIIENICHHS BOXOPOAA MOCIE THAPOTEPMATbHON 00pabOTKH 00pa3IoB BEI3BAHO
U3MEHEHHEM DEIIETKH OT KyOHMUeCKOH K TeKCaroHajJbHOM, 4TO MOATBEpKAAeTCS pe3yiabTaTaMH aHaIn3a
P®A. Panee Obuto TMOKa3aHO, YTO TEKCAroHaJbHAs CTPYyKTypa sBiserca Oonee aktuBHOM [2]. Ilpu
HaHeceHnn wactunl NiS u AU Ha TIOBEPXHOCTH BO3HHKAIOT TETEPONEPEXO/bl, MPH KOTOPBIX
(hOTOreHEPUPOBAHHBIE 3JIEKTPOHBI MHIPHPYIOT C TOBEPXHOCTH TBepmoro pacteopa Cdg3ZngsS Ha
MIOBEPXHOCTh COKaTaau3aropa. JJaHHOe sBJICHUE CIIOCOOCTBYET YAYUILICHUIO Pa3AeiICHUs] HOCUTENEH 3apsaaa
U, CIIEA0BATEIIFHO, YBEIHMUUBAET CKOPOCTH BBIJICJICHHS BOZOPO/A.

Paboma svinonnena npu ¢unancosoti noodepcke npoexkma V.44.2.11 u PODHU uepe3 npoexm 15-33-
20458 mon_a_seo, [ panma Ilpezudenma PO MK-3141.2015.3.
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Porous silicon is widely used in various fields of fundamental and applied science. Its
application extends from supercapacitors and sensors [1, 2] to energetic and insulating
materials [3, 4]. Porous silicon features are vast surface area, controlled pore size and ease of
surface modification. Porous silicon materials are
applied in different microfluidic devices as
transporting [2, 5], separating and sensing elements
[2].

Porous silicon membranes with array of arranged
channels have been fabricated by developed and
patented technology [6, 7]. This work describes silicon
membrane fabrication technique and microfluidic
devices based on porous silicon: electroosmotic pump,
volumetric flow rate meter and pulse wave sensor. All
the devices consist of same parts: porous silicon
membrane with electrodes on both sides — this \\
sandwich structure was inserted into a PTFE frame
with through channel filled with working liquid
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Fig. 1. Microfluidic device scheme: 1
—electrodes, 2 — PTFE frame, 3 —

(Fig.1). . o channel with working liquid, 4 —
Electroosmotic pump operating principle is based -
silicon membrane.

on a same name electrokinetic phenomenon -

electroosmosis. Electric field arises along the membrane microchannels when none zero
voltage is applied to the electrodes. If working liquid is electrolyte — it is started to flow
through the membrane due to electrostatic forces. Flow rate meter works on an opposite
principle. When electrolyte flows through the membrane microchannels — potential difference
is arisen on opposite sides of the membrane which is measured by the electrodes. Voltage
measured by the electrodes depends on a flow rate through the membrane.

Pulse wave sensor is based on a same working principle as volumetric flow meter.
Pressure difference creates liquid flow through the membrane channels which creates voltage
on the electrodes of the sensor. This device has been used to monitor brachial artery pulse
wave of a human.

[1] L. Oakes et al. // Scientific Reports. V.3, 3020 (2013).

[2] F. Harraz // Sensors and Actuators B.. V.202, 897-912 (2014).

[3] N. Piekiel et al. // Propellants, Explosives, Pyrotechnics, V.40, 1-159 (2015).

[4] S. Cristoloveanu, S. Li. Electrical Characterization of Silicon-on-Insulator Materials and
Devices. Springer Science & Business Media, (2013).

[5] J. Snyder et al. // Proc Natl Acad Sci USA, V.110, 18425-30 (2013).

[6] M.A. Paraschenko et al. // Optoelectronics, Instrumentation and Data Processing, V.50
121-129 (2014).

[7] Patent RU 2516612, 2012
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Synthesis of nanoparticles in low-temperature plasma plays an important role in fundamental
research and in plasma technology [1]. Dust particles may be found in astrophysical experiments, in the
ionosphere, and in fusion plasma. The possibility of formation of nanometer or micron size particles in
laboratory plasma was described in [2-4].

In 2015, a new phenomenon was discovered [5]: in spherical strata, the clouds of dust particles are
formed; they occasionally explode, split into two clouds and scatter in opposite directions. It turned out
that the compact cloud entrained to the reactor wall decelerates many times slower than it could be
expected from the evaluation on Epstein force of nanoparticles on a neutral background gas.

Spherical striations appear around a point anode (placed at the center of a grounded vacuum
chamber, whose walls serve as cathode) at low pressures (10-50 Pa) of high-molecular gases (acetone,
ethanol, methane, acetylene, etc.) and present a set of concentric luminous regions [6]. In discharge
plasma in the high-molecular gas the complex plasma-chemical processes of dissociation, ionization and
recombination result in the appearance of radicals, ions and small clusters. Their coagulation and
recharge lead to the formation of negatively charged clusters and dust particles of nano or micro size. A
special feature of the spherical gas discharge is absence of transverse and the presence of only radial
flows of particles and energy, which allows concentrating high-density plasma in the central part of the
discharge and enables considering discharge to be a one-dimensional problem. Complex plasma-
chemical processes in a spherical glow discharge in high-molecular gases result in formation a variety of
molecules, active radicals and ions. It was discovered that the differential conductivity in the formed gas
can be non-monotonic, which probably leads to the formation of spherical stratification [7].

It has been shown that dust particles are produced in the glow discharge in ethanol and under
nitrogen. In the case of a stratified discharge particles are concentrated at the boundary strata. In the
unstratified discharge in nitrogen dust particles collected in the cloud that increasing the current moving
away from the anode so that the current density in it will continue. Estimates have shown that the particle
size of the dust cloud of nitrogen in a glow discharge is on the order of several microns on the
assumption that the thermophoretic force on the particles is small.

Transmission electron microscopy showed that in the stratified discharge multilayered particles
having an iron core coated with two carbon cloths are generated. The shell adjacent to the iron core is
graphite. The outer shell is an amorphous carbon material.

This work was supported by the Russian Science Foundation, Project No. 14-19-01379.

[1] K. Ostrikov, U. Cvelbar, A. Murphy, J. Phys. D: Appl. Phys., 44, 174001 (2011).

[2] G.S. Selwyn, J. Singh, R.S. Bennett, J. Vac. Sci. Technol.. A7, 2758 (1989).

[3] A.l. Scherbina, S.V. Burdyukh, IEEE Trans. Plasma Sci., 39, 2746 (2011).

[4] D. Ugarte, Chem. Phys. Lett., 198, 596 (1992).

[5] S.Z. Sakhapov, A.V. Fedoseev, G.I. Sukhinin, S.A. Novopashin, EPL, 110, 15003 (2015).
[6] O.A. Nerushey, etc., Phys. Rev. E., 58, 4897 (1998).

[7] A.E. Belikov, S.Z. Sakhapov, Phys. D: Appl. Phys., 44, 45202 (2011).
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CuHTe3 HaAHOYACTHMII B HH3KOTEMIIEPAaTypHOM Ila3Me WIrpaeT BaXXHYI0 pOJib B
(dyHIaMEHTAJIBHBIX HMCCIEAOBAHUSAX M B IUIA3MEHHBIX TexHomorusx [1]. IIeuieBble wacTuirsi
OOHAPY)KMBAIOTCS B acCTPO(U3NYECKUX SKCIIEPUMEHTaX, B HOHOC(Epe, U B TEPMOSIEPHOU
wia3Me. Bo3aMokHOCTh 00pa3oBaHusi HAHOMETPOBBIX WJIM MUKPOHHBIX YaCTHUIL B JIAOOPATOPHOIL
ia3Me ObLIa onucana B padborax [2-4].

B 2015 rony 6bu10 00HapYXEHO HOBOE sIBJICHHE [5]: B chepuuecKrnx crparax o0pa3yroTcs
o0llaka MbUIEBBIX YacTHUIl, KOTOPbIE MEPUOIUYECKH B3PBIBAIOTCS, JEISATCS Ha JBa oOjaka u
pasyieTaoTcsi B IPOTHUBOIOJIOKHBIX HampapieHusX. Oka3aloch, YTO KOMIIAKTHOE OOJIaKo,
yJeTaroIee Ha CTEHKH PeakTopa, TOPMO3UTCSI BO MHOTO pa3 MeUICHHEEe, YeM MOXKHO ObLIO ObI
OXKUJIaTh COIVIACHO OLIEHKE IO AMIITEHHOBCKOMY TOPMOXKEHUIO HAHOYACTHUI[ Ha HEUTPATHLHOM
(oHOBOM raze.

Cdepuueckue crparsl BO3HHMKAIOT BOKPYT TOYEYHOTO aHO/A, TOMEMICEHHOTO B IIEHTP
3a3eMJICHHOM BaKyyMHOW KaMephbl, CTEHKH KOTOPOU SIBJISIFOTCS KaTOJIOM, MPU HU3KUX JaBICHHUSIX
BBICOKOMOJICKYJISIPHBIX Ta30B (AIIETOH, ATAHOJI, METaH, aleTWICH, U T.JI.) U TPEICTABISAIONINE
c000i1 HabOp KOHIIEHTPUYECKUX CBETSIUXCS oOnactel [6]. B ma3me B BBICOKOMOJIEKYIISIPHBIX
razax B pe3yJbTare CJIOXKHBIX IUIa3MOXMMHUYECKUX IPOLIECCOB TUCCOIMAIINY, HOHU3AIIH,
PEKOMOMHAIIMK BO3HHMKAIOT PAJAMKANbI, NOHBL, MaJIble KJIACTEPhl, KOAryIAlus KOTOPHIX U HX
niepe3apsiika IPUBOAAT K 0Opa30BaHUIO OTPUIATENIFHO 3apsSHKEHHBIX KIIACTEPOB HIIM IMBLIEBBIX
YaCTUI] HAHO WJIM MUKPOHHBIX pa3mepos [7].

[lokazaHo, YTO MBUIEBBIE YACTHIBI OOPa3ylOTCS B TICIOMIEM pa3psic KaKk B STHIOBOM
CTHpPTE, TaK W B a30Te. B ciryuae cTparuuumnpoBaHHOTO pa3psijia YaCTUIIB KOHIICHTPUPYIOTCS
Ha rpaHulie cTpar. B HecTpatnguumupoBaHHOM pa3psie B a30Te MbLIEBbIE YACTHIIBI COOMPAIOTCs
B 00J1aK0, KOTOPOE M0 MEPe YBEIMUYCHHUS TOKA OTAAISETCS OT aHOJa TaK, YTO IJIOTHOCTH TOKa B
HeM coxpansaTcs. OIEHKH TOKa3ajiH, YTO pa3Mep YacTUI] B MBUIEBOM OOJIaKe B TICIOLIEM
paspsijie a3oTa COCTaBiIsgeT TMOpsAKa HECKOJbKUX MHMKPOH B IPEINONOXKEHUH, YTO
TepMOo(OpeTHIecKas Cuila Ha YaCcTHIIBI MaJia.

[IpocBeunBaromasi >MEKTPOHHAST MHUKPOCKOIHUS TIOKas3ajia, 4To B CTPaTH(UIIMPOBAHHOM
pazpsiie (OpMUPYIOTCS MHOTOCIOWHBIE YACTHULBI C JKENE3HBIM SJPOM, IOKPBITOW JBYMs
yrepoaHbiMu - o0onoukamu. O0osouka, Mpuiierammas K JKEJIe3HOMY SApY, SBIsSETcs
KPHCTAIUTMIECKON C PACCTOSHUSMUA MEXKIY KPUCTAIUTMIECUMH CIIOSIMH, OJMHM3KUMH K Tpadury.
Bremnsst o0os0uka npezcraniseT co0oi aMopgHbIi yIiepoaHblid MaTepual.

Paboma noooeporcana Poccutickum nayunvim gponoom (PH®, epanm Ne 14-19-01379).
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Investigation of interactions of lithium with materials based on carbon structures possessing
an increased specific surface and conductivity is currently a promising task as there is the active
search for new carbon electrode materials could improve the electrochemical characteristics of
lithium-ion batteries [1]. It is necessary study of the electronic structure of lithium intercalation
compounds in order to predict the electrochemical properties of new carbon anode and cathode
materials for lithium-ion batteries. Lithium reacts actively with nitrogen and oxygen in the air,
which makes lithium intercalation compounds difficult them to obtain and study. This work is
devoted the x-ray spectrum in situ investigation of electron interaction lithium atoms with
carbon-base materials with different graphitization degree that is a highly oriented pyrolytic
graphite (HOPG) crystal, synthetic graphite and mesoporous carbon.

Lithiation of carbon-base materials was carried out with the help of thermal spraying on
surfaces of said materials in spectrometer chamber with high vacuum. After that lithiated
carbon-base materials were investigated in situ by x-ray photoelectron spectroscopy (XPS), near
edge x-ray absorption fine structure spectroscopy (NEXAFS), x-ray emission spectroscopy
(XES) to estimate the chemical composition and to probe the electronic structure of the
samples.

XPS and NEXAFS spectra of lithiated HOPG and mesoporous carbon were obtained at
the Russian-German beam line of the BESSY Il synchrotron. C 1s- and Li 1s- spectra were
received at different excitation energies, from which it follows that concentration of lithium
changes with the sample depth. Changes in carbon K-edge NEXAFS spectra of lithiated
mesoporous carbon testify to presumably localization of lithium atoms near the defects where
there are dangling carbon bonds. XES carbon K, - spectra of lithiated synthetic graphite and
mesoporous carbon were recorded with a laboratory X-ray spectrometer. It is demonstrated
that the carbon K, - spectra of lithiated synthetic graphite and spectra of lithiated mesoporous
carbon differ in the intensity of the short-wavelength lines.

Interpretation of experimental emission spectra of lithiated carbon-base materials was
carried out the DFT (density functional theory) quantum-chemical calculation on cluster
models that was performed using B3LYP method. The atomic orbitals were described in the
polarized 6-31G basis set.

As a result of the performed researches it has been determined, that interactions of lithium
vapor with carbon-base materials lead to the formation of the surface layer with a high
concentration of lithium and to modification in the electronic structure of the surface of the
carbon layer.

[1] D. Chen, L. Tang, and J. Li, Chem. Soc. Rev., vol. 39, pp. 3157-3180 ( 2010).
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N3yuenne B3aUMOAEHCTBUS JIMUTUS C MarepuajaMH Ha OCHOBE YIVIEPOJAHBIX CTPYKTYP,
00J1alaloIMMK  BBICOKOM  y€IbHOW IOBEPXHOCTBIO M 3JIEKTPOIPOBOJHOCTBIO, SIBISETCS
aKTyaJIbHOM 3ajaued, TaKk Kak B HACTOAIIEE BpEMsI BEIETCS AKTHBHBIA IIOUCK HOBBIX
ANEKTPOAHBIX YIVIEPOAHBIX MAaTE€pPUAJIOB, KOTOPHIE MOTYT YAYYIIUTh 3JIEKTPOXUMHUYECKUE
XapaKTePUCTUKU  JIMTHI-MOHHBIX — akkymyisitopo, [1], [2]. UYroOer mporHosmpoBarh
AMEKTPOXUMHUECKHE CBOMCTBA HOBBIX YIVIEPOJHBIX AHOAHBIX M KAaTOAHBIX MAaTepuasoB s
JUTUI-UOHHBIX AKKyMYIISITOPOB, HEOOXOAMMO H3y4YE€HHE OHIEKTPOHHOTO CTPOCHUS JIHTHM-
MHTEPKAJIMPOBAaHHBIX COCIMHEHMH Takux MarepuanoB. OIHAKO, JUTUI-WHTEPKAIMPOBAHHbIC
yIJEpOIHbIE MaTepualibl HEYCTOMUMBBI HAa BO3JyXE, YTO OCJIOXKHSAET HUX IOIy4E€HUE U
UCCIIeIOBaHNE, TaK KaK JUTUHA aKTUBHO pearupyeT ¢ KUCIOpoAoM U a3oTtoM. JlaHHas pabora
HOCBSIIIEHA PEHTTEHOCIEKTPAIbHOMY HCCIIEOBAaHUIO 3JIEKTPOHHOTO B3aMMOJECHUCTBHS aTOMOB
JUTUSL C YIIEPOIHBIMH MarepualaMHl pa3IMdHOW CTeNneHW TpaduTH3auuu (KpUCTaul
BBICOKOOPUEHTUPOBAHHOTO TpaduTa, CIEKTPaIbHBII rpaduT, ME30IIOPUCTHIN YIIIEpOn).

JIutupoBaHue YIIIEPOJHBIX MAaT€pPUaIOB OCYILECTBISUIOCH C MTOMOIBIO BEICOKOBAKYYMHOI'O
TEPMUYECKOTO HAIbUICHUS] JIMTHUS HAa IOBEPXHOCTb YIIEPOAHBIX MAarepuajoB, 3areM
NPUMEHSJIUCh METOIbl PEHTICHOBCKOW M PEHTICHOICKTPOHHOM CHEeKTpockomuu In Situ s
UCCIIE0BaHUS 3IIEKTPOHHOM CTPYKTYpPbI U 3JIEMEHTHOTO COCTaBa MOJyYEHHBIX 00pa3LoB.

Pentrenosnextponnsie 1 NEXAFS cnekTpsl JTUTHPOBaHHBIX YIVIEPOAHBIX MAaTepHalioB
Obu cHATBI Ha Poccuiicko-I'epmanckoM kaHane bepiauHCKOro IMeHTpa CHHXPOTPOHHOTO
mnydenust (BESSYIl). Cls u Lils — cmekTpbl ObUIM CHSTBI TPH Pa3HBIX DHEPTHUIX
BO30YX/I€HUS, U3 KOTOPBIX CIEIyeT, YTO KOHIIEHTpAlWs JMUTHUS H3MEHSETCS C IITyOMHOMN
oOpasua. WMamenenus B CK-cmekrpax momiomieHuss A ME30MOpPUCTOro  ymiepona
NPEeANOJIOKUTEIBHO CBUICTENBCTBYIOT O JIOKAJM3allMd aTOMOB JIMTHA Ha Jedekrax, Iie
MPUCYTCTBYIOT 00OOpBaHHbIE YITIEPOAHbIE CBI3U. PeHTreHoBckue amuccuoHuble CKa -criekTpbl
ObUIM CHSITBHI Ha Ja0OpaTopHOM crieKTpoMeTpe «Cteapary, 1Mo JaHHBIM KOTOPBIX HAOIIOIAN0Ch
yBEJIMYEHWE WHTEHCHUBHOCTH B O0JAaCTM T — CHUCTEMbl IIOCJI€ HAlbUICHUS JIUTHA Ha
CHEKTpaNbHBIM rpaUT U yMEHBIIIEHUE B CIIy4ae ME30IIOPUCTOIO yIiIepo/a.

WuTepnperanyisi SKCHEPUMEHTAIbHBIX 3IMUCCHOHHBIX CIEKTPOB OCYLIECTBISIACh C
MIOMOIIIBbI0 KBAHTOBO-XUMHMYECKHX PAacyeToB B PaMKaxX KJIACTEPHOM MOJIENIM METOAaMH TEOpPHU
¢yaxmmonana motHocTH ((yHkuuonan B3LYP) ¢ moMomipo mporpaMMHOTO oOecrieueHus
Jaguar [3]. B pesyabrare MNpOBENEHHBIX HCCIICOBAHUM OBUIO  YCTAHOBIEHO, YTO
B3aUMOJICIICTBUE NAapoB JIUTHS C YIVIEPOAHBIMH MarepuanaMu HPUBOAUT K (OPMUPOBAHHUIO
MOBEPXHOCTHOTO CJIOS C BBICOKOM KOHIIEHTpAlMeH JUTHUS U K HM3MEHEHHWIO SJIEKTPOHHOTO
CTPOEHUS TOBEPXHOCTH YIIIEPOTHOTO CIIOS.

[1] D. Chen, L. Tang, and J. Li, Chem. Soc. Rev., vol. 39, pp. 3157-3180 (2010).
[2] C. De las Casas, and W. Li, J. Power Sources, vol. 208, pp. 74-85 (2012)
[3] Jaguar, version 6.5, Schrodinger, LLC, New York, NY (2005)
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Carbon monoxide is a major concern for environmental protection. CO can be considered as
either a primary pollutant from different emissions or a secondary pollutant resulting from the partial
(photo)oxidation of VOCs [1]. CO is poorly photooxidized on the pure TiO, photocatalyst. One of the
reasons for that is a weak adsorption of CO and oxygen on TiO, surface at ambient conditions [2]. The
deposition of metallic nanoparticles (e.g., Pd) on TiO, surface can enhance adsorption capacity of the
catalysts and provide reactive sites for CO oxidation [3].

An important role for producing highly active catalyst is the method of metal deposition. Thus,
the aim of this study was to prepare Pd/TiO, photocatalysts by the decomposition of Pd(acac), and
investigate in CO oxidation at ambient conditions both without and with UV irradiation. The
decomposition of metal-organic precursors (e.g., Pd(acac),) is a good method to deposit metal
nanoparticles with a very small size and narrow size distribution on the surface of various supports.
The effect of several parameters including UV or thermal treatment, the calcination temperature, the
metal content and the type of support on the (photo)catalytic activity was studied.

The 0.05-4 wt.% Pd/TiO, catalysts were synthesized by the impregnation of TiO, with a certain
amount of Pd(acac), dissolved in acetone with subsequent the photo- or thermodecomposition of
adsorbed Pd(acac),. In the former case, the sample was UV irradiated for 12 hours. In the latter, the
sample was calcined at 210, 250 or 310 °C for 3 hours. Catalytic activity of the synthesized samples
was investigated in the reaction of CO oxidation in a static reactor at ambient conditions.

The photocatalytic rate of CO oxidation under UV irradiation was up to 3.5 times greater than the
rate of catalytic oxidation without UV irradiation. The activity of the samples prepared by the
photodecomposition way was much higher than the activity of the calcined samples both without and
with UV irradiation. XPS analysis showed that the photodecomposition way led to a higher amount of
palladium in metallic form resulted in a higher activity. An increase in the cacination temperature from
210 to 310 °C led to a decrease in the activity.

One of the most important results is that the photocatalytic rate of CO oxidation increased as the
Pd content increased from 0.05 to 4 wt.%. TEM analysis showed that at a high metal content (e.g., 4
wt.%) the amount of particles was increased but their size and distribution was the same as at a low
content.

This work was supported by the Russian President Grant Ne MK-3141.2015.3.

[1] D.S. Selishchev, N.S. Kolobov, A.A. Pershin, D.V. Kozlov, Appl. Catal. B Environ. 503-513 (2017)
200.

[2] A. Linsebigler, G. Lu, J. T. Yates, J. Phys. Chem. 6631-6636 (1996) 100.

[3] O. Rosseler, C. Ulhag-Bouillet, A. Bonnefont, S. Pronkin, E. Savinova, A. Louvet, V. Keller, N.
Keller, Appl. Catal. B Environ. 166-167 (2015) 381.
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MoHooOKCH yriieposia SIBISIETCS Cepbe3HON MpoOieMoi ans okpykatomiel cpenbl. CO MOXHO
paccMaTpUBaTh Kak OCHOBHOE 3arps3HSIOIIEE BELIECTBO B COCTABE PA3IMYHBIX BHIOPOCOB, THOO Kak
MOOOYHBIH MPOAYKT B PE3YJIbTATE YaCTHIHOTO ((POTO)OKUCICHNUS JIETyUYNX OPTraHHYECKUX COeTHHEHHI
[1]. K coxanennto CO mpakTHuecKH HE MoaBepracTcsi pOTOKATATUTUIECKOMY OKHUCICHHIO HA YHCTOM
Jquokcune Tutana. OMHOM M3 MPUYMH HU3KOW aKTUBHOCTHU sBIsieTcs ciabas ancopOiuus CO u O, Ha
nosepxHoct TiO, B ycrmoBusx okpyxaromieii cpensl [2]. B cBo0 ouepenp, HaHECEHHE HAHOYACTHII
6maropoaueix MetautoB (Hampumep Pd) ma moBepxuocTs TiO, MOXET CYIECTBEHHO YBEIHYHTH
COPOIIMOHHYIO €MKOCTh KaTaln3aTopa U 00eCreYuTh akTHBHBIC LeHTpPbI 11 okucineHus CO[3].

BaxkHyto poJib B ONYYCHUH BHICOKOAKTHBHOTO KATAIN3aTOPa MIPACT METO]] HAHECCHUST MeTala.
Llenb maHHOTO WCCIENOBaHMs COCTOsUIa B cHHTe3e (horokaramuzaropoB Pd/TiO, myrem pasznoxeHus
Pd(acac), u ux ucciaemoBanus B peakiuu okucieaus CO 6e3 u moja BosaelicTBreM Y D-uzmydeHus.
PazjokeHne  MeETaJUIOOPraHMYeCKUX — MpeiiecTBeHHUKOB  (Hampumep, Pd(acac);)  siBasiercs
HEePCIICKTUBHBIM METOZOM [UIsi HAHECCHWs HAHOYACTHUII META/JIOB HAa IMOBEPXHOCTh Pa3JIMYHBIX
HocuTenei. B manHoi paboTe McclenoBaIoCh BIMSHHE HECKOJIBKHX MapaMeTpoB, BKiIouas YO u
TEPMHUYECKYI0 00pabOTKy, TeMIIEPATypy MPOKATMBAHUS, COACPKAHHE METAJUla U THUMA HOCHTENS Ha
(hoTO)KATATUTHYECKYIO aKTHBHOCTb.

Karanuzatopsr Pd/TiO; ¢ cogepxxanumem Pd 0,05-4 macc.% ObUTH CHHTE3UPOBAHBI PA3IOKEHHUEM
Pd(acac), na moBepxHocTd TiO, myTeM BO3ICHCTBHS BBICOKHX TeMIepaTyp Wik Y®-u3iydeHus.
AKTHBHOCTh KaTalM3aTOpPOB Oblia wmccienoBana merogoM MK-®ypee crekrpockomuu in Situ B
CTaTUYECKOM PeaKTope.

dorokaranuTrdeckas ckopocTh okucieHus CO nop aerictBueM YO-uznydeHus 10 3,5 pas BhIIIIe,
4eM CKOpOCTh OKHUCICeHUs 0e3 VY®-usnydeHus. AKTHBHOCTh 00pa3lOB CHHTE3MPOBAHHBIX
(doTOpa3noKEeHUEM 3HAYUTENBHO BBINIE, Y€M aKTUBHOCThH IMPOKAJIEHHBIX 00pasnoB. POOC anamms
MoKa3aj, 4YTo MeTon (OTOPA3IOKEHUST TPUBOAUT K OoJiee BBICOKOMY KOJIMYECTBY Maaaaus B
MeTaIm4eckoil opme, uTo 0O0BsCHsSET Oojiee BBICOKYIO aKTHBHOCTh. [IOBBIIEHHE TEeMIEpaTyphl
npokanuBanus ot 210 10 310 °C npuBOIUT K CHUXKECHUIO aKTHBHOCTH.

doTokatanmuTHyeckas ckopocth okucieHuss CO pacTeT BMECTe C YBEIMYCHUEM COJCPIKaHUS
namwtanus ot 0,05 1o 4 macc.%. Aranuz ¢ momorsio [I19M mokasai, 4To Mpu BEICOKOM COJIEPKaHUN
meraiuta (Hampumep 4 macc.%) MPOUCXOAMT POCT KOJMYECTBA HAHOYACTHII, MPU COXPAHECHHU HX
MaJioro pasMepa TakKuM ke, Kak | [PU HU3KOM cojeprkanuu Pd.

Pa6ota Beimonnena npu gpuHancoBoii nopnepxke ['panra [Ipesunenta PO Ne MK-3141.2015.3.

[1] D.S. Selishchev, N.S. Kolobov, A.A. Pershin, D.V. Kozlov, Appl. Catal. B Environ. 503-513
(2017) 200.

[2] A. Linsebigler, G. Lu, J. T. Yates, J. Phys. Chem. 6631-6636 (1996) 100.

[3] O. Rosseler, C. Ulhag-Bouillet, A. Bonnefont, S. Pronkin, E. Savinova, A. Louvet, V. Keller,
N. Keller, Appl. Catal. B Environ. 166-167 (2015) 381.
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ELECTOMECHANICAL COUPLING IN NANOELECTROMECHANICAL
SYSTEMS WITH ATWO-DIMENSIONAL ELECTRON GAS

Andrey A. Shevyrin®, Arthur G. Pogosov?
! Rzhanov Institute of Semiconductor Physics SB RAS,
Lavrentieva pr. 13, Novosibirsk, 630090
Novosibirsk State University, Pirogova Str. 2, Novosibirsk, 630090
e-mail: shevandrey@isp.nsc.ru

The use of sacrificial layers and the technology of selective etching give an opportunity to create
the nanostructures with a two-dimensional electron gas (2DEG) freely suspended over a substrate.
These nanostructures are mechanically moveable, and their vibrations are known [1,2] to affect
electron transport. It is often supposed that the electromechanical coupling in the systems based on
GaAs/AlGaAs heterostructures has piezoelectric nature; however, there is a lack of experimental
evidence for this hypothesis. In the present work [3] we present such experimental evidence based on
anisotropy of the piezoelectric effect and, moreover, quantitatively describe the features of this
coupling.

The studied nanoelectromechanical system represents two identical cantilevers oriented in [110]
and [110] crystallographic directions. The cantilevers' vibrations are driven perpendicularly to the
surface by means of the electrostatic actuation method using side gates [2]. Near the bases of the
cantilevers, i.e., in the points of maximum mechanical stress, there are conductive channels. The
conductance change due to the vibrations is measured using the heterodyne down-mixing method. It is
found that identical vibrations of the cantilevers lead to opposite (180° phase-shifted) changes in the
channels conductance. A gquantitative physical model is developed, which describes the physical
mechanism of the conductance change and agrees with the experiment. The model is based on the
assumption that the 2DEG screens the piezoelectric bound charge to maintain constant electrochemical
potential. It is shown that the change in the conductivity of the 2DEG is caused mainly by the rapid
change in mechanical stress near the boundary of suspended and non-suspended areas, rather than by
the stress itself. Thus, the discussed electromechanical coupling can be considered as an edge effect.
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Fig. 1. (a) Nanomechanical resonator with a two-dimensional electron gas. Amplitude (b,d) and phase (c,e) of the
conductance response to the resonant vibrations of the perpendicularly oriented cantilevers (f) The calculated
change in electron density per unit displacement of the cantilever's free end predicted by the developed model.

The work was supported by RFBR grants Nel6-32-60130, Nel5-02-005774 and Nel6-02-00579.
[1] Y. Okazaki et al., Appl. Phys. Lett. 103, 192105 (2013).

[2] A. A. Shevyrin et al., Appl. Phys. Lett. 106, 183110 (2015).
[3]1 A. A. Shevyrin et al., Phys. Rev. Lett. 117, 017702 (2016).
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CBA3b MEXKAY 2JIEKTPOHHBIM TPAHCIIOPTOM U MEXAHNYECKUMU
KOJIEBAHUSAMUA B HAHO3JIEKTPOMEXAHUYECKHUX CUCTEMAX C IBYMEPHBIM
IJIEKTPOHHBIM I'A30M

A A, U_ICBLIDI/IHl’Z, A. T Torocos™?

YUncmumym gusuxu nonynposodnuros um. A. B. Pucanosa CO PAH
Hosocubupckuti 2ocyoapcmeennblil yHusepcumem

Hcnonp3oBaHne )K€PTBEHHBIX CIIOEB M TEXHOJIOIUU CEJIEKTUBHOTO TPABJICHUS MO3BOJISET CO3/1aBaTh
HaHOCTPYKTYpPBl €  JBYMEpPHBIM  DJEKTPOHHBIM  TIa30M, CBOOOJHO  IIOJBELICHHBIE  HAaJ
HOJIYIPOBOIHUKOBOM MOMUIOKKON. Takue CTPYKTYpbl MEXaHHUECKU TOJIBIKHBL, U UX KOjeOaHMs, Kak
m3BecTHO [1,2], BIWAIOT Ha ONEKTPOHHBIM  TpaHcmopT. Yacto mpedmosaraercs, 4TO
JNIEKTpOMEXaHMYecKass CBs3b B CHCTeMax Ha OcHOBe rerepocTpykryp GaAs/AlGaAs wumeer
IBE30IEKTPUIECKYI0 IPUPOLY, ONHAKO, 3KCIEPUMEHTAJIbHBIC JOKAa3aTelbCTBA ITOH THUIOTE3bI
OTCYTCTBYIOT. B Hacrosameil pabore [3] mpuBOOWTCS Takoe 3KCIIEPHUMEHTAIbHOE IOKa3aTelbCTBO,
OCHOBAHHOE€ Ha aHU30TPOIMHU IbE303(P(EKTa, a TaKKe KONUISCTBEHHOE OIMCaHUEe 0COOEHHOCTEH 3TOM
CBSI3H.

W3ydeHHass HaHORJIEKTPOMEXaHWYECKass CHCTeMa MpeACTaBisieT co0OW J1Ba  OJMHAKOBBIX
KaHTWJICBEpPa, OPHEHTHPOBAaHHBIX B HampaBieHusx [110] u [110]. Pe3onancHele komeOaHHs
KaHTHJIEBEPOB BO30YKIAIHUCh B HAlPaBJICHUH, IIEPIICHANKYISIPHOM K IOIJIOKKE, IO EMKOCTHOM CXeMe
C WCIIONIb30BaHMEM OOKOBBIX 3aTBOpPOB [2]. BOmm3m ocHOBaHWII KaHTHIIEBEPOB, T.€. B MeCTax
MaKCHMAaJIbHBIX MEXAaHHMUYCCKUX HaNpsDKCHWH, pacrofiaralich KaHajibl MPOBOXMMOCTH. V3MeHeHue
KOHJAKTAaHCa BCJIEACTBHE KOJIEOAaHUIl M3MEpATIOCh METOJOM TEeTEPOIMHHOIO CMEIIMBaHWA. bBeiio
00HapyXeHO, YTO MWICHTUYHBIC KOJNeOAHHs KAHTWIEBEPOB MPHUBOIAT K IMPOTHBOIOIOKHBIM
(cmBunryTEIM TO ¢a3ze Ha 180°) m3MEHEHHsSM KOHIaKTaHca KaHaioB. llocTpoeHa KonmmyecTBEHHAS
¢dusnueckass MoIeNb, ONMCHIBAaKOLIass (U3MYECKUH MEXaHW3M H3MEHEHUS KOHIAKTaHca |
coracyromascs C 3KCIIEpUMEHTOM. Moenb OCHOBBIBA€TCSI Ha NPEANOJIOKEHHH O TOM, 4YTO
JIBYMEPHBII 3NEKTPOHHBIN ra3 SKpPaHUPYET MbE303JICKTPUUECKUN CBSI3AHHBIA 3apsii U COXPaHAET
MIOCTOSIHHBII 3NIEKTPOXUMHUYECKHH noTeHuual. [TokaszaHo, 4To n3MeHeHne MPOBOAUMOCTHU IBYMEPHOTO
3NEKTPOHHOTO Ta3a 00YyCJIOBJIECHO IVIABHBIM 0Opa3oM PE3KHM HM3MEHEHHEM BEITUYMHBI MEXaHMYECKHX
HanpsDKeHUH BOJMM3M TPaHMIBl TOABELICHHOM M HEMOIBELICHHBIX oOyacTel, a He COOCTBEHHO
MEXaHWYECKHM HampspkeHHeM. Takum oOpas3oM, oOCykIaemas 3JIEKTPOMEXaHWYECKas CBSI3b MOXKET
paccMarpuBaThcs Kak KpaeBor 3hdhexT.
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Puc. 1. (a) HanomexaHuuecKkuii pe30HaToOp ¢ AByMEPHBIM 3JIeKTPOHHBIM razom. Ammutyaa (b,d) u ¢asa (c,e)
OTKJIMKA KOHJAKTaHCa HA Pe30HAHCHBIC KOJeOaHHs IEPIICHANKYSIPHO OPHEHTUPOBAHHBIX KaHTHJICBEPOB.
(f) 3MeHeHne KOHLICHTPALUK ABYMEPHOT'O IEKTPOHHOTO I'a3a B pacyeTe Ha eAMHUYHOE CMELICHHE CBOOOHOTO
KOHIIa KaHTHJIEBEPA, NPEACKA3bIBAeMOE ITOCTPOCHHOHN (PHU3NUECKOi MOJIETIBIO.

Paboma noooepacana epanmamu PODPU Nel6-32-60130, 15-02-05774 u 16-02-00579.
[1] Y. Okazaki et al., Appl. Phys. Lett. 103, 192105 (2013).

[2] A. A. Shevyrin et al., Appl. Phys. Lett. 106, 183110 (2015).
[3] A. A. Shevyrin et al., Phys. Rev. Lett. 117, 017702 (2016).
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HYBRID PHOTOPOLYMER MATERIAL “HYBRIMER-TATC”: PECULIARITIES
OF LASER PROCESSING AND PROPERTIES OF THIN FILMS

N.G. Mironnikov', V.P. Korolkov?, D.I. Derevyanko?, V.V. Shelkovnikov?
Y|A&E, SB RAS, pr. Akademika Koptyuga 1, Novosibirsk, 630090
2NIOCH, SB RAS, pr. Akademika Lavrent’eva 9, Novosibirsk, 630090 Russia
e-mail: mironnikov.nikolay@gmail.com

The applications of hybrid organic-nonorganic photopolymers are being actively researched
for fabrication of microstructured components of purposes. The optical microstructures
fabricated on the photopolymers have much better chemical inertness and thermomechanical
stability than the structures formed in standard positive photoresists based on novolac resins.
Hybrid photopolymers (HP) have potential for manufacturing phase multi-level micro-optical
elements without transfer of surface profile from photoresist to optical substrate, which is
usually made by expensive reactive ion etching. However, HP such as OrmoComp® [1] (one of
the UV-photocurable Ormocer® polymers manufactured by Micro Resist Technology GmbH)
are mainly used for replication of micro-optical elements. It is also known the OrmoComp®
due to high-contrast characteristic curve can be used for direct laser writing of deep binary
microstructures intended for micro-electromechanical systems. Our task was to investigate a
possibility of direct laser writing of multilevel diffractive structures on hybrid photopolymers.
Besides OrmoComp® we investigated and Hybrimer-TATC synthesized in NIOCH SB RAS
(Russia). It is based on thiolsiloxane and acrylate oligomers. The optical and thermos-optical
properties were studied in work [2].

Laser writing was done by circular laser writing system CL WS-3001AE developed in I&E
SB RAS.

Possibility of direct laser writing of multi-level diffractive structures has been investigated
for two hybrid photopolymer. It was offered to use additional steps of pre-exposure and post-
exposure to obtain more linear characterisitc curves. Stuided hybrid photopolymers can be used
for fabrication of diffractive structure with 1-3 micron profile depth. Hybrimer-TATC allows
one to fabricate deeper multi-level structures but with larger backward slope. It makes the
material more suitable for microoptical elements like refractive microlens arrays.

[1]Micro resist technology GmbH

URL: ww.microresist.de/de/produktwelt/hybridpolymere/uv-imprint-uv-abformung/ormocomp®

[2] N. G. Mironnikov , V. P. Korolkov, D. I. Derevyanko, et al, “Study of optical and thermo-optical
properties of a hybrid photopolymer material based on thiol-siloxane and tetraacrylate oligomer”//
Optoelectronics, Instrumentation and Data Processing 2016, Vol, 52, Issue 2, pp 180-186
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TUBPUIHBIA ®OTOMOJIUMEPHBINA MATEPUAJI «TUBPUMEP-TATC»:
OCOBEHHOCTH JIA3EPHOH OBPABOTKH M CBOMCTBA TOHKHX IIJIEHOK

HI. MI/IDOHHI/IKOBl, B.IL KOpOJIBKOBl, JN. I[epeBSIHKOZ, B.B. I1lek/10BHUKOB
! HUncmumym asmomamuxu u snekmpomempuu CO PAH, npocnexm axao. Komnmioea 1,
Hoeocubupck, 603090
2HHcmumym opeanuyeckou xumuu um. H.H. Bopoorcyosa CO PAH Ilpocnexkm akao.
Jlagpenmwvesa 9, Hosocubupck, 630090
e-mail: mironnikov.nikolay@gmail.com

@DoTONOIMMEPHBIE OPraHUUYECKHE-HEOPIraHUUECKHE KOMIIO3UIIMKM AaKTUBHO HCCIEAYIOTCS
JUISL 3a]a4 TMOCTPOEHUSl PA3IUYHBIX MHUKPOONTHYECKHUX 3JIEMEHTOB. DOTOOTBEpk AEHHbBIE
CTPYKTYphl U3 Takux (HOTOMaTepHallOB 3HAYUTEIHLHO TPEBOCXOAAT IO MEXaHHYECKUM
KadecTBaM craHfapTHbie Goropesucthl Trma AZ15XX n S18XX. Cpenu caMbIX U3BECTHBIX U
KOMMEpPYECKH JTOCTYIMHBIX sBisiroTcss Ormocer u SU-8. Marepuan Ormocer (cokparieHue ot
organically modified ceramics), pa3paborannbiii ®payHrohepoBCKMM HHCTUTYTOM
uccnenoBanus cuinkaros (I1SC), sBisercs ruOpugasiM YD-POTOOTBEPKAAEMBIM ITOIUMEPOM
W3 Heckonbkux BapuaHTOB Kommo3unuu Ormocer HamOojee MNOAXOMSAIIUM JUIS 3ajady
naszeprod  3amucu sBisiercs (otormomumep OrmoComp®, KOTOphId MO3BOJISET HAHOCHUTH
METOJIOM IIEHTPU(YTUPOBAaHUS CJOWM TONIMHOM MeHee 10 MKM, a Takke oOnamgaer
MOBBIIICHHONW MEXaHUYECKON TBEPJOCThIO U HU3KUM TEMIIEPaTypHBIM PaCIIUPEHUEM.

Taxke  CyIIECTBYIOT  OTEUECTBEHHbIE  pa3pabOTKM  THOPUAHBIX  OPraHUYECKHU-
Heopranunyeckux (portonomumepo. B HUOX CO PAH na ocnoBe terpakpunatHeix (TA) u
tuon-cunokcaHoBbix (TC) onuromepoB Obula cuHTE3MpOBaHa THMOpHUIHAS (POTOMOIUMEpPHas
kommiosutust  «['ubpumep-TATC» [2]. B kadectBe wuHHMIMaTopa (QOTOMOIMMEPHU3AIUN B
KOMIIO3HIINIO f00aBsieTcs rekcadropdocdar 2,4-nudtnin-9-okco-10-(4-rentunmokcudernn)-
9H-Tno-kcanTeHuss B kauectBe 5%-OW MO Becy A00aBKE K pPAacTBOPY TeTpaaKpHIIaTHBIX
onuroMepoB B xjopodopme. JlobaBienne uHHIMATOpa (OTOMOIUMEPHU3AIMH PUBOIUT K
yBeNIMYeHUIO TornomeHuss B ooOmactu 370-430 um [3]. B pabore [4] moka3aHO, YTO
OJIMTOMEPBI B KOMITO3UIIMK MO>KHO CMEIINBATh B PA3JIMYHBIX COOTHOILIEHHSX, YTO MPUBOIUT K
MOAM(HUKAINK  TEPMOONTUYECKHX, MEXaHWYECKHMX M IPOYHOCTHBIX XapaKTEPHCTUK
($OTOOTBEPKACHHOTO MarepHalla B MIMPOKUX Ipe/ienax.

B 1ol paGore u3ydeHBl ONTHYECKHME METOABI (POPMUPOBAHHS MHOTOYPOBHEBOIO
MUKpopenbeda B TOHKHUX IUIEHKaX (OTONOIMMEPU30BAHHOTO THOPUIHOTO Marepuasa
«'mbpumep-TATC», m kommepuecku BbITyckaemoro anaiora OrmoComp® wu3 cepun
ruOpuIHbIX poTononmumepoB Ormocer®.

B pabote Obuin ompeneneHsl MapamMeTpbl TEXHOJIOTMYECKUX IPOLIECCOB H3TOTOBJICHUS
MHOTOYPOBHEBBIX MHUKPOCTPYKTYpP METOOM IMPSIMOM J1a3epHOi 3anucu Ha ajguHe BosHbI 405
HM B miaeHkax «Iuopumep-TATC» u OrmoComp®. I[loka3aHOo, YTO UCHOJIB30BaHKE
JIOTIOJIHUTENBHBIX ITAllOB PABHOMEPHOM SKCIO3UILMHU IUIEHOK CYIIECTBEHHO YBEJIUYUBAECT
KBa3WJIMHEWHBIHN JMAMa30H 3aBUCUMOCTHU pesibeda OT MOITHOCTH MyYKa.

[1] Shelkovnikov V.V., Ektova L.V., Orlova N.A., et al. Synthesis and thermomechanical
properties of hybrid photopolymer films based on the thiol-siloxane and acrylate oligomers //
J. Mater. Sci. 2015. N 50. (23), P. 7544-7556.

[2] JTockyToB B.A., [llenkoBuukoB B.B. «Cunres rekcadropdocdaros 2-okco- 10-
(rentundennn)rruokcantenus» // XKypH. opran. xumuu. 2006. T. 42. Ne 2. C. 313.

[3] H.I. MuponnuxoB, B.Il. KopomekoB, u gap, «lccnenoBaHue ONTHYECKHX U
TEPMOONTUYECKUX XapaKTEPUCTUK THOPUAHOTO (OTOMOJIMMEPHOTO Marephajia Ha OCHOBE
THOJI-CHJIOKCAHOBBIX M aKpHJIATHBIX ojuroMepoBy// ABtomeTpust (2016) N. 2, Ctp. 88-96
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NOVEL NANOCOMPOSITE MATERIALS FOR OXYGEN SEPARATION
MEMBRANES
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Developing catalytic membranes reactors for producing syngas from biofuels by selective
oxidation by oxygen separated from air is important problem of hydrogen energy field. The
key parts of this problem are design of materials for such membranes functional layers and
optimization of techniques of their deposition. General requirements for these materials are
chemical and thermomechanical stability under high gradient of the oxygen chemical
potential, high oxygen mobility and surface reactivity, high selectivity in the partial oxidation
of fuels into syngas and relative cheapness. Nanocomposite materials based upon
praseodymium nickelate-cobaltite PrNipsC005035 — CepoY01025 (PNC — YDC) are
promising here due to high oxygen mobility provided by the fast oxygen diffusion channel
(Do up to ~ 107 cm?s at 700 °C), which appeared due to cation redistribution between PNC
and YDC nanodomains and developed interface [1,2].

Individual oxides PrNipsC00503.5 and CegoY.10,.5 were synthesized by modified Pechini
route with PNC — YDC nanocomposite being obtained via ultrasonic dispersion of these
powders in isopropanol in weight ratio 1:1. A few PNC — YDC functional layers (mesoporous,
microporous and dense), dense MnFe,0s — Cep9Gdo10,5 buffer layer and porous
Pt/Smg.15Pro.15Ce0.352r030,.5 catalytic layer were consecutively deposed on Ni/Al foam
substrate. Each layer was sintered at 1100 °C (900 °C for catalytic layer). The membranes
obtained were tested in CH,4 selective oxidation into syngas/oxidry reforming.

According to results of testing, the temperature distribution on the membrane surface is
sufficiently uniform. The selectivity of methane oxidation into syngas rises with the inlet
methane concentration due to decreasing the coverage of the catalytic particles surface by
reactive oxygen species. The oxygen permeability of membrane (the oxygen flux is up to
10 ml Oy/cm’min at 950 °C under air/methane gradient) meets criteria of the practical
application [3]. Syngas yield and methane conversion increase with temperature and contact
time. The outlet H, and CO concentrations ratio varies depending on contact time and the
inlet carbon dioxide concentration. H,/CO concentration ratio is < 1 for contact times < 0.14 s
at 950°C (feed 46 % CO, + 48 % natural gas + N,), CH,4 conversion is up to 60 %. Stable
performance of the membrane was demonstrated for at least 200 h time-on-stream.

Hence, the materials applied in this work are promising as the functional components of
membranes for the oxygen separation from air and methane oxidation into syngas by this
oxygen.

This work is supported by BIOGO FP7 Project, Russian Academy of Sciences and
Federal Agency of Scientific Organizations (project No. V.45.3.8).

[1] V. Sadykov, N. Eremeev, E. Sadovskaya, etc. Solid State lonics, 273: 35 (2015).

[2] V.A. Sadykov, N.F. Eremeev, E.M. Sadovskaya, etc. Russ. J. Electrochem., 50: 669
(2014).

[3] V.A. Sadykov, S.N. Pavlova, T.S. Kharlamova, etc. in: Perovskites: Structure, Properties
and Uses. NY (2010).
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Pa3paboTka KaTalMTHYECKHX pEaKTOPOB HAa OCHOBE KHCIOPOANIPOBOIAIINX MeMOpaH Juis
MOJYy4YeHUs] CHHTe3-Taza M3 OWOTOIUIMB B TMPOLECCE CEIEKTUBHOIO OKHUCIECHHS KHCIOPOIOM,
BBIJICJIIEMBIM W3 BO3yXa, SBISETCA BaXXHOM 3agadeldl COBPEMEHHOH »HepreTukd. KiroueBbIMU
YaCcTSAMH JAaHHOW 3a[a4d SIBIISIOTCS JU3aiH MaTepuainoB A GyHKIHOHAIBHBIX CIOEB TAKMX MeMOpaH
U ONTHUMH3AIMSA METONUKH WX HaHeceHWs. OCHOBHBIMH TPEOOBaHMSAMH K MaTepuayiaM SBISIOTCS
XUMHUYECKass W TEpMOMEXaHWYECKass CTAaOWIBHOCTh MpH OOJBIINX TpPagveHTaX XUMHYECKOTO
NOTEHIHAaIa KUCIOPO/a, BBICOKAs TOJBIKHOCTh M PEAKIMOHHASI CIIOCOOHOCTH KHCIIOPO/IA, BHICOKHI
BBIXOJl CHHTE3-Ta3a W OTHOCUTENbHAs JelleBH3HA. HaHOKOMIIO3UTHBIE Marepuanbl Ha OCHOBE
Hukenara-kobansTura mpaseoguMa  PrNigsC00s0s5 — CegoY010.5 (PNC — YDC) sBustorcs
TEPCICKTHBHBIME B JAHHO 061aCTH Glrarofapst BRICOKoit moasmkHOCTH Kucaopoaa (Do mo 107 em?/c
npu 700 °C) [1,2], obecnieunBaemMoii Tiepepacpene/icHieM KaTHOHOB Mexay HanomomeHamu PNC —
YDC u passutoit Mmexdasnoii rpanunei. Muausumyansabie okcuabl PrNigsC0os03.5 1 CeggYo10,.5
ObUTH TONydeHsl MonupuIMpoBaHHBIM MeTonoM [lekwnan, a HaHOKOMITO3UT PNC — YDC — Metomom
VABTPa3ByKOBOTO JHCIIEPTUPOBAHMS HCXOJHBIX MOPOIIKOB B M30MPOIIAHOJIE B MACCOBOM OTHOIICHUH
1:1. Ha Ni/Al neHOMeTaqTMYeCKy0 MOMJIOKKY OBLIM IOCISIOBATEIbHO HAHECCHBI HECKOIBKO
¢yakmonaneHbXx cnoés PNC — YDC (Me30-, MEUKPOTIOPUCTBI W TUIOTHBIN), TUIOTHBIN OydepHbIit
cioit MnFe,O, — CeongdmOz_g u HOpI/ICTLIfI cIIon Karajim3aropa Pt/Smo,15Pro,15Ceo,35Zro,302_5. Kaxxaerii
cioit 601 crieveH mpu 1100 °C (900 °C st karanuTuaeckoro ciosi). IlomydeHHbie MeMOpaHbl ObLTH
UCIIBITAaHbl Ha CHEUaJbHO OOOPYJOBAaHHOW YCTaHOBKE B PEAKLUSIX CEJICKTUBHOTO OKHCICHHS W
CMEIIaHHOW KOHBEPCHH MTPUPOTHOTO rasa.

CornacHo pe3yabTaTaM HCIBITAHMS, paclpe/esieHne TeMIIepaTyphl M0 MOBEPXHOCTH MeMOpPaHBI
JIOCTATOYHO OAHOPOAHO. CeNeKTHBHOCTh OKUCIICHHSI METaHA B CHHTE3-Ta3 BO3PACTAET C yBEIHUCHUEM
KOHIIEHTPAallMK METaHa B MOJABAEMOH CMECH, YTO CBS3aHO C YMEHBIICHHEM CTENECHHU IOKPBITHS
KHCIIOPOJIOM TOBEPXHOCTH YacTHIl KaTanu3aropa. KuciopomHas mpoHUIIaeMocTh MeMOpaHb! (TIOTOK
kuciopoaa nocrturaer 10 mu Oz/CMzMI/IH mpu 950 °C) nmoctaTo4HO BBICOKA JJISI TMPAKTHYECKOTO
npumenenus [3]. Beixon cuHTe3-Ta3a 1 KOHBEPCHs METaHa BO3PACTAIOT C YBEIUUYEHHEM TEMIIepPaTyphl
U BpeMeHH KoHTakTa. OtHouienue konneHtpanuid H, 1 CO B mpomykTax BappHpyeTCsl B 3aBUCUMOCTH
OT BpeMeHH KoHTakTa u kourenTparun CO, B momaBaemoit cmecu. OtHomrenne koutentpanuii H/CO
< 1 mpu Bpemenu koHTakTa < 0,14 ¢ mpu 950 °C (cmecp 46 % CO, + 48 % npuponuoro raza + Ny).
brina nokasana crabuinbHas paboTa MeMOpaHbl B TedeHne Kak MHHUMYM 200 4.

Takum 00pa3zom, UCTIOIB3yeMble B pab0OTe MaTepuabl SBISIOTCS MEPCIIEKTUBHBIME JIIS AH3aiiHa
MeMOpaH CENIeKTHBHOTO BBIICIICHUS KHCIOPO/Ia U3 BO3/[yXa U OKUCIICHHUSI UM METaHa B CHHTE3-Ta3.

Paboma evinonnena npu gunancosoii noodepoicke npoexma BIOGO FP7, Poccuiickot Axademuu
Hayx u ®edepanvroco Aeenmemea Hayunwix Opeanuzayuii (npoexm Ne V.45.3.8).

[1] V. Sadykov, N. Eremeev, E. Sadovskaya, etc. Solid State lonics, 273: 35 (2015).

[2] B.A. CagpikoB, H.®@. Epemees, E.M. CanoBckas u ap. Dnexkmpoxumus, 50:669 (2014).

[3] V.A. Sadykov, S.N. Pavlova, T.S. Kharlamova, etc. in: Perovskites: Structure, Properties and Uses.
NY (2010).
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TRANSFERRING OF CVD-GRAPHENE FROM THE COPPER SUBSTRATE TO
THE POLYMER SUBSTRATE

l. A. Kostogrud®, D. V. Smovzh?
YInstitute of Thermophysics SB RAS, prosp. Lavrentyev 1 , 630090 Novosibirsk , Russia
e-mail: ikostogrud@gmail.com

Graphene is a single layer of graphite. Due to such properties as: high thermal - and electro
conductivity, chemical stability, mechanical strength, transparency, graphene has become a
promising material for numerous applications: optoelectronics and nanoelectronics, composites,
gas sensors, transparent electrodes, and others.

One way to obtain graphene is a chemical vapor deposition (CVD) on copper.
Investigation of electrical and optical properties of graphene on copper is impossible, because
copper is conductor and not transparent to the optical radiation in the visible range. Therefore
it is necessary to transfer the graphene on a non-conductive transparent substrate. \Various
methods of transfer on polymer and silicon substrates are used for this purpose [1].

The aim of this work is investigation of the various transfer methods CVD-graphene to
the polymer, and the measurement of electrical resistance and transparency of the samples.

In this paper we used a few layer graphene (3-5 layers), prepared by the CVD method on
copper [2]. Transfer of graphene to the polymer implemented in two ways. In the first case,
the PET polymer with EVA adhesive composition under heat and pressure was applied to the
copper coated with graphene, then mechanically cleaved (G/PET-mech). Graphene is
transferred to the polymer because the adhesion with polymer is greater than with copper.
Also, copper was removed by dissolving in a 40% solution of nitric acid (G/PET-chem). In
the second case PMMA polymer dissolved in acetone and applied to copper coated with
graphene by spin coating. When the polymer has hardened, copper dissolved in 40% solution
of nitric acid (G/IPMMA-chem). In mechanical separation of the PMMA and copper substrate,
graphene transfer did not occur or occurred in part (G/IPMMA-mech). In the sample there is
no conductivity.

For G/PET-mech resistance was 21 ohms / sg. For G/PET-chem resistance was 2.6 ohms /
sg. Increased resistance can be explained by mechanical deformation of graphene transfer. For
G/PMMA-chem resistance was 1.2 ohms / sq. When hot pressing form the mechanical
stresses that can damage the graphene film and hence increase its resistance.

Transmittance in the visible range of the spectrum for the PMMA film without graphene
IS 90% and the PET - 85%. Transparency of G/PMMA-chem was 65%. Transparency of
G/PET-mech was 55%. Transparency of G/PET-chem was 70%. Transmittances have an error
in the vicinity of 10%, related to the heterogeneity of the thickness of the polymer films. A
significant reduction in the transmittance in the G/PET-mech case is associated with
deformation of graphene. In the G/PMMA-chem case, the formation of air bubbles observed
in the resulting film, it affects on transparency. Degassing of PMMA solution would lead to
increasing the transparency of the G/PMMA-chem composite.

The paper compares the transfer methods CVD-graphene with hot pressing on a PET
polymer and by applying the dissolved PMMA. The most promising is a method of transfer
by applying the dissolved PMMA with followed chemical etching of copper. Graphene is less
damaged; the electrical resistance of the sample is lower.

This work was supported by RFBR, research project No. 15-38-20454 mol_a_ved

[1] Kang J., Shin D., Baea S., Hong B.H.; Nanoscale, Vol.4, P. 5527-5537 (2012)

[2] Kostogrud I. A., Trusov K. V., Smovzh D.V.; Advanced Materials Interfaces, Vol. 3, Issue 8,
P.1500823 (1-6) (2016)
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Knowledge, technical innovation and teamwork are at the center of who we are. For more than 80
years, we have focused on leveraging these assets to deliver solutions that improve customer performance.

Today, our real-time technology services and solutions enable customers to translate acquired data into
useful information, then transform this information into knowledge for improved decision making-anytime,
anywhere. Harnessing information technology in this way offers enormous opportunities to enhance
efficiency and productivity. This is a quantum leap from providing traditional ‘just-in-case' information to
delivering ‘just-in-time' knowledge that meets the changing needs of our customers.

International teamwork

Reflecting our belief that diversity spurs creativity, collaboration, and understanding of customers'
needs, we employ more than 100,000 people representing over 140 nationalities and working in more than
85 countries. Our employees are committed to working with our customers to create the highest level of
added value. Knowledge communities and special interest groups with our organization enable teamwork
and knowledge sharing unencumbered by geographic boundaries.

Technology innovation

With 125 research and engineering facilities worldwide, we place strong emphasis on developing
innovative technology that adds value for our customers. In 2015, we invested $1.1 billion in R&E.

The search for oil and gas has three objectives: to identify and evaluate hydrocarbon-bearing reservoirs; to
bring hydrocarbons to the surface safely and cost-effectively, without harming the environment; and to maximize
the yield from each discovery. These objectives can be advanced only by ongoing research into all aspects of the
exploration, drilling, and production processes.

Since it first established a research laboratory in 1948 in Ridgefield, Connecticut, USA, Schlumberger has
maintained an unwavering, long-term commitment to research. Schlumberger research has grown geographically
and in its range of disciplines into a global network of research centers, expressly to tap into the astonishing breadth
and diversity of technology innovation in the 21st century.

In 2007, the Ridgefield lab, renamed Schlumberger-Doll Research in 1965, moved to a new facility in
Cambridge, Massachusetts, USA, one of six Schlumberger research labs worldwide. Schlumberger Gould Research
opened in 1982 near the campus of Cambridge University in the UK; Schlumberger Moscow Research and
Schlumberger Stavanger Research opened in their eponymous cities in the mid-1990s. The company’s two newest
research labs are the Schlumberger Dhahran Carbonate Research Center, opened in 2006 near the campus of King
Fahd University of Petroleum and Minerals in Saudi Arabia, and Schlumberger Brazil Research and
Geoengineering Center, which opened in 2010 on the campus of the Federal University of Rio de Janeiro.

Our research is often conducted in partnership with universities and customers around the world. This ensures
close contact with leading-edge research in all relevant disciplines, improves understanding of clients' challenges,
and facilitates the validation of research ideas in field experiments at an early stage in the product development
cycle.

The first Schlumberger research laboratory, founded in 1948 in Ridgefield, onnecticut, focused on a
scientific research program assembled by Henri Doll. The objective of the program was to invent new subsurface
measurements that would expand the growing Schlumberger wireline business. In 1965, the laboratory was
renamed Schlumberger-Doll Research Center (SDR) after Henri Doll, then-retiring chairman, who was by that time
the foremost technical contributor at Schlumberger. SDR has since focused on scientific research to invent and
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develop the Schlumberger products and services of the future.

In 2006, SDR moved to Cambridge, Massachusetts, a major hub of science and technological innovation in
the US, placing the center in close proximity to institutions working at the forefront of numerous disciplines.
Currently, SDR comprises five major scientific groups reflecting its historical strength in subsurface measurements
as well as new directions that are enabled by a presence in Cambridge, Massachusetts.

Sensor physics: Sensor physics looks at the experimental and theoretical aspects of developing the hardware
of subsurface measurements, conveyed by a variety of methods from wireline to wire drilling and coiled tubing,
through permanent installations.

Mathematics and modeling:The mathematics and modeling department works on the issues surrounding the
processing and inversion of data produced by subsurface measurements conveyed by all possible means.

Reservoir geosciences: Reservoir geosciences scientists investigate how processed and inverted data from oil
and gas measurements can be translated into relevant petrophysical decisions for Schlumberger’s customers.

Mechanics and materials science: Scientists in mechanics and materials science conduct leading-edge
research into how mechanical engineering and in materials science can effectively impact for oil and gas
applications.

CO, mitigation and sequestration: The CO2 mitigation department investigates all aspects of science and
understanding of injecting CO2 into the subsurface, ranging from wellsite evaluation and selection, monitoring,
geomechanics, and thermodynamics, for Cco2 sequestration and enhanced recovery.

Kommanus «ILmromGepsxe» (Schlumberger) siBsiercst BeayniM MEPOBBIM IMOCTABIIUKOM TEXHOJIOTHH ISt
KOMIUICKCHOM ~ OIIGHKM IIJlacTa, CTPOMTENbCTBA CKBXKHH, yIpaBiIeHHsS J0ObUel W mepepaboTku
YTJIEBOJIOPOJIOB.

Kommanust paGoraer Oomee dvem B 85 crpanax wmmpa u HacumthiBaeT oxono 113 000 corpynaukoB
ceoiie 140 nanmonaneHoCcTel.  «lllmromOepike» TpemocTaBisieT caMblii  IIUPOKHHA B OTPACIIU  CHEKTP
NPOAYKTOB H YCIYT — OT MPOBEJICHUSI TEONOTOPa3BeJOYHBIX pPa0OT J10 yrpaBlieHHs JO0bIYEH, a Takke
KOMIUIEKCHBIE PEIlIeHUs, OXBATHIBAIOIINE BECh MTPOU3BOJICTBEHHBIN IUKII — OT IDIacTa JI0 TPyOOmpoBoIa, JUIst
ONTUMH3ALIUH TOOBIYH YIIIEBOJOPOIOB U 3(P(HEeKTUBHOM IKCILTyaTalliid MECTOPOXKACHUSI.

[Ita6-kBapTupsl komnanuu «Ilmomoepxe Jiumureny (Schlumberger Limited) pacnionoxens B [Tapmxe,
XbtocTone, Jlonnone ul'aare. B 2015 romy Bblpyuka kommnanuu coctaBuia 35,47 mupn gomn. CIOA. s
noyy4eHust oosiee mogapoOHO# nHPOpMaLUK oceTuTe canT WWw.slb.com.

HoBocubupckuii Texuonoruueckuii 1entp (HTL) Obur otkpeir B 2004 romy. B oOmieit ctpykrype
«l1lmoMOepxke» OH SBISIETCS OCHOBHBIM IIGHTPOM pPa3pa0OTKH TEXHOJOTHA B 00JacTH THIPABIUYECKOTO
paspseiBa miacta (I'PIT) 1 9KoIOTrHYeCcKUX aceKTOB TECTUPOBAHUS CKBAYKHUH.

Lentp Gazupyercsi Ha TEPPUTOPUU HOBOCHOUPCKOTO AKaJIeMropoJika, U3BECTHOrO BO BCEM MHPE CBOMM
HayyHbIM noteHimaioMm. HTL[ aktuBHO B3ammozeiicTByer ¢ maptHepamu u3 CuOupckoro ornenenus PAH,
MPOBOJISI COBMECTHBIE HAyYHbIE HCCIIENOBaHUS W ONBITHBIE pa3paboTku. Cnenmanuctsl HTL m3BecTHHI B
JIpyrux noapasieieHsxit komnanun «llromOepike» 3a CYeT BBICOKOIO YPOBHS 3HAHWH, TEXHUYECKOH
9KCHEPTHU3bl U aKTUBHOW KM3HEHHOH no3unmeil. COTpyAHUKOB, KOTOPBIE 3aJI0KMIA OCHOBBI KAPbEPHOTO pOCTa
B HTLI, MO’)XHO BCTPETUTH BO MHOTHX IO/IPA3/ICJICHUSIX KOMIIAHUU TI0 BCEMY MUPY.

HoBocubupckuii Texnomoruueckuit neHtp «lllmomoepxe», HoBocubupck, 630060, yi. 3enenas ropka,
1/10, Tenedon: +7 (3833) 63 05 44

143


http://www.slb.com/about.aspx/

The Nauchnoe Oborudovanie group of companies was founded
in 1999
It is one of the biggest
suppliers of scientific and
v SCIENTIFIC industrial equipment in Siberia and
4 in the Far East with core activities
v EQUIPMENT covering provision of research
4 4 institutes and industrial enterprises
COMPANY GROUP e )
with high-tech equipment.

We analyze the customer’s
problem and select appropriate equipment to deal with a specific challenge. We supply
instruments, provide technological and methodological support as well as warranty and post-
warranty service. From delivering a single product to fulfilling complete enterprise supply
programs, Nauchnoe Oborudovanie always meets its commitments and has gained the
reputation of so reliable partner that some customers entrust us with complete equipping of
their laboratories including both instruments and consumables.

Highly skilled technical specialists with their own research experience who constantly
improve their professional level make our team. We regularly get acquainted with the new
equipment and approaches in instrument engineering, and attend international exhibitions
and training seminars organized by the manufacturers. We can offer the most advanced
solutions for any customers’ task. The existing working relationship with many laboratories of
SB RAS allows inviting field experts to satisfy the customer’s unique needs. Moreover, we
conduct workshops providing our customers with an opportunity to try the latest equipment.

We have established partnership relations with many the world's leading
manufacturers of scientific and technological equipment, both in Russia and abroad.
Besides, we have our own engineering department; if necessary, we can develop and
produce an instrument to solve the customer’s problem.

The institutes of the Siberian Branch of the Russian Academy of Sciences focused
on the fundamental research, many industrial enterprises, engineering companies, higher
education institutions of the Siberian and Far Eastern regions are among our customers.

In addition to supply and production of equipment, we are engaged in the promotion
of the scientific developments with commercial potential of institutes of the Russian Academy
of Sciences in the foreign markets, and organize joint projects of the SB RAS institutes with
different organizations to develop specific technological and knowledge-based solutions

We see our goal to create and maintain long-standing mutually beneficial
relationships with each customer.

http://speqgroup.ru/

"% SCIENTIFIC
¥> EQUIPMENT

COMPANY GROUP
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Plan of NSU new building
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MAP OF RESTAURANTS & PLACES TO EAT NEARBY

Q NSU 9 6 llyicha Street 0 4 llyicha Street
1 Pirogova Street ©—0 450 M ©—O0 720mM
::I:::O:.gafr::r TRAVELER’'S COFFEE
H e Coffee house
o 10 llyicha Street +7 (383) 330-84-40 +7 (383) 233-22-70
©-0 300 M = & =
Veranda Vilka-Lojka
Teahouse Canteen
+7 905-934-08-09 +7 (383) 330-82-90 e 12a Tereshkovoy Street
= =i ©—O0 900w
SPOT & CHOO'S BURGERS Pechki-Lavochki APT N.A.B.
Burger sho Pub Bar, restaurant
@ rfg. e +7 (383) 330-82-90 +7-913-773-86-11
o &= == ® ==
9 8 llyicha Street
OO0 380 M
Bty S W CASH MACHINE & CASH PAYMENT
+7 (383) 286-20-50
ﬁ ==l €O DISTANCE FROM NSU =% PAYMENT BY CARD
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Novosibirsk

(RIVODANOVKA

Bus Ne 1113

Distance - about 20 km
Travel time - about 1 hour
Fare - 38 rub

Wsing public transport in Noyosibirsk,
you-usually pay atentrance.

Je <

Bus Ne 32, Ne 54
Mini-bus Ne 1

Distance - about 4.5 km
Travel time — about 15 min
Fare - 19 rub by bus or 25 rub by mini-bus

Mini-bus Ne 35

Distance - about 27 km
Travel time - about 45 min
Fare - 43 rub.

S Distance - about 27 km
vousd Travel time - about 1h 20 min
Fare — 19 rub

KRASNOOBSK

AKADEMGORODOK

TSVETNOY PROEZD
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Useful contacts

The secretaries of the Organizing Committee:

Anna Semerikova, NSU, e-mail: tykva.anya@gmail.com.

Sergey Chepkasov, NSU, e-mail: sergey@post.nsu.ru

E-mail amc.org.2016@gmail.com

Phone number from Russia: 8 (383) 3634182
Phone number from abroad: 007 (383) 3634182
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Scientific Publication

PROCEEDINGS
OF THE 2016 RUSSIA-JAPAN CONFERENCE

ADVANCED MATERIALS:
SYNTHESIS, PROCESSING AND PROPERTIES OF
NANOSTRUCTURES

October, 30% - November, 3", 2016

IMoxmnucano B euats 25.10.2016
®opmar 60x84 1/8. Vu.-u3x. 1. 19. Yo new. 1. 17,7. Tupax 120 sk3. 3aka3z Ne230.
Wznarenscko-nonurpaduyeckuii nentp HI'Y.
630090, HoBocubupck, yi. [Tuporosa, 2
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