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OYHKLUUOHA/IbHbIE HAHOMOKPbITHUA:
TEHAEHUAN U NEPCNEKTUBDI
FUNCTIONAL NANOCOATINGS:

TRENDS AND PROSPECTS

®OYHKUUOHA/IbHbIE HAHOMOKPbLITUA —

Hanpas/ieHune HaHOTEXHOJIOT N,

B KOTOpPOM BefyTC He

TOJIbKO (b\/HAaMeHTaHbeIe nccnenoBaHns, HO U aKTUBHO peasin3yioTCca MPpOMbIlL/IEHHbIE MPOEeKTbl.
O nepcnekTUBHbIX HanpasaeHUsIX pa3p360TOK n AOCTUXEHUSX B 3TOoM obnactu pacckasbiBalOT Halun

3KCnepThbl.

Functional nanocoatings is an area of nanotechnology, in which are conducted not only basic
researches but also are actively implemented industrial projects. Our experts speak about the
promising directions of development and achievements in this area.

Cepren
Hukudopos
pyKosodumenb omoena

HAYYHO-MexXHU4ecK020 MapKemuHaa
KomnaHuu "3Tex CII6 "

QopMHUpOBAaHHE HAHOIOKPBITHS BO3MOXXHO
I10 TONIIMHe (HAaHOC/JIONHOe), 3ePHUCTOCTH (HaHO-
KOMIIO3HUTHOe) U MOpdoJIoTHH (HAHOCTPYKTYP-
Hoe). Bce THUIIBI HAaxXO4SAT IIUPOKOe IPUMeEHeHHe

B Pa3IMYHBIX 06/acTIX AN MOLHUOHUKALHUU
CBOMCTB IIOBEePXHOCTH MaTepHUaJIOB.

HaHeceHHe HAHOIOKPBITHUH II103BOJISIET yIyu-
HIUTH CJleyIOLUIHe XapaKTepPUCTUKHU: TBePLOCTb
U H3HOCOCTOMKOCTD (pPeXXyUMH HHCTPYMEHT,
TOJIOBKHU SKeCTKHUX JHUCKOB); CTOMKOCTh K BO3JeH-
CTBHIO BBICOKMX TeMIIEPATyp U arPeCCUBHBIX Cpe[
(momatku TypOHH); aHTH-aATe3HMOHHBIe CBOU-
cTBa (ITaMIIbl); HEIIPOHUIAeMOCTh/TepMeTH Y-
HOCTb (MHKPO3JeKTpPoHHKaA, OLED-gucHIIen);
CKOJIb)KeHHe/Ko3bdunrueHT TpeHUus (Tpuboso-
rus); rugpodobuocTh U 071e0b06HOCTH (CeHCOP-
HBle NUCIIJIeHn); TUAPOPUIBHOCTD (AKTHBAL U

Sergey Nikiforov

Head of the Department of Scientific
and Technical Marketing, Eltech SPb

Nanocoating can be formed by
the thickness (nanolayers), grain
(nanocomposite) and morphol-
ogy (nanostructure). All types are
widely used in various fields for
the modification of surface proper-
ties of materials.

The nanocoatings can improve
the following characteristics:
hardness and wear resistance (cut-
ting tools, heads of hard drives);
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resistance to high temperatures
and corrosive environments (tur-
bine blades); anti-adhesive prop-
erties (punches); impermeabil-
ity/hermeticity (microelectron-
ics, OLED-displays); sliding/fric-
tion (tribology); hydrophobicity
and oleophobicity (touch screens);
hydrophilicity (activation before
coating); biocompatibility (medi-
cal implants); bactericidal (medi-
cal instruments). In addition, the
formation of functional coatings
with desired properties, such as
dielectric or conductive (in com-
bination with transparency and
flexibility), a heat-conducting or

insulating, etc. is possible. Micro-
and nanoelectronics, photovolta-
ics today are unthinkable without
film technologies.

Main technology for production
of nanocoatings are atomic layer
deposition (ALD), chemical vapor
deposition (CVD), plasma chemi-
cal vapor deposition (PCVD), phys-
ical vapor deposition (PVD), equi-
librium and non-equilibrium plas-
mas at atmospheric pressure; laser
ablation; sol-gel process; electri-
cal wire explosion (obtaining of
nanopowders); detonation synthe-
sis (nanodiamonds). All of these
areas are developing, occupy their
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Iepejs HaHeCceHHeM IMOKPBITHMN); OHOCOBMeCTH-
MOCTb (MeIHUIIMHCKHWE UMIIJIAHTATH); 6akTe-
PHLHUAHOCTD (MEAHUIIMHCKHE HHCTPYMEHTHI).
Kpome 3TOro Bo3Mo>kHO GopMUpOBaHHe QYHKIIH-
OHAJIPHBIX ITIOKPBITHUH C 3aJaHHBIMH CBOMCTBAMH,
HaIpUMep AU3IeKTPUUYECKUMU HJIU IIPOBOLS-
MUMH (B COUETAHHUH C IPO3PAYHOCTHIO U TH6-
KOCTbIO), TEIJIOIIPOBOASIIIUMHE HIH H30JIHUPYIO-
IIUMHU U IP. MHKPO- U HAHO3JIeKTPOHHKA, $OTO-
BOJIPTAUKA CETOJHS HEMBICTU MBI 6€3 MIeHOYHBIX
TeXHOJIOTHH.

OCHOBHBIe TEeXHOJIOTHH IIOJy4YeHHUS] HAHO-
IMIOKPBITHUHN: AaTOMHO-CJIOEBOEe OCa>XJeHHe
(ALD - Atomic Layer Deposition); xuMHYecKoe
ocakaeHue M3 raszoBou ¢pasel (CVD - Chemical
Vapor Deposition); mia3sMo-xHUMHUIeCKOe 0CaK-
meHue H3 rasopour ¢dpaser (PCVD - Plasma
Chemical Vapor Deposition); ¢usudeckoe ocaxk-
OeHHUe U3 ra3oBod ¢asel (PVD - Physical Vapor
Deposition); paBHOBeCHas U HepaBHOBeCHAas
IjaasMa Ipu aTMocPepHOM AABIEHHUU; Jla3ep-
Has abasnus; 30/1-Telb IPOLlecC; dJIeKTpHUUe-
CKHM B3PBIB IIPOBOJIOKH (II07yYeHHe HAaHOIIOPOII-
KOB); HeTOHAILIMOHHBIHM CUHTe3 (HaHOa/IMa3bl).
Bce mepeuncieHHBle HAaIPaBJIeHUS pa3BUBa-
I0TCSI, 3AHHUMAIT CBOM HHUIIM PBIHKA HAHOIIO-
KPBITHUI U SIBJSIIOTCS IIePCIeKTUBHBIMU. TeM He
MeHee MOXXHO BBIJIeJIUTh TeHAEHILIMH, KOTOPhIe
BIMSIOT Ha YCKOPeHHOe BHeJpeHHe IIPOMBIII-
JTeHHBIX IIpolleccoB, obecreunBas cienymouiue
IIperuMyIecTBa:

niches of the market of nanocoat- < flexibility of coatings (flexible

ings and are promising. However, electronics);

* CHHJKeHHe TeMIIepaTyphl IIpolecca (BasKHO A1
IIJIaCTUKOBBIX IOOJI0MKEK);

e CHH’KeHHe CTOMMOCTH H yIIpollleHHe 060pyno-
BaHUS (HallpUMeP, 3a CUeT UCKJIIOUEeHHU s BaKy-
YMHOM CHUCTEMBI);

° PABHOMEPHOCTHh IOKPBITHS Ha Oonbpmen
IIJIOIIAoH;

* BO3MOJXHOCTb IPHMeHEeHHS PyJIOHHOM TeXHO-
noruu (R2R mpoiiecc);

e rubKOCTH MOKPHITHUH (THOKAS 3TeKTPOHHUKA);

e GHMOCOBMECTHMOCTD;

* KOHPOPMHOCTS;

* OTCYTCTBHe IIOP (TepMeTHUYHOCTb).

Cpenu MHOXeCTBa IepCHeKTHBHBIX
HaHOMAaTepHaJIOB U IIOKPHITHUI, 6e3yCJIOBHO,
BBIIensieTcs rpadeH. Pa3paboTka MpOMBINIJIEH-
HBIX TeXHOJIOTHH ero Mojy4dyeHus (B 4aCTHOCTH,
C UCII0NIb30BAHUEM IOAJIOKKH U3 Kapbuga KpeM-
HMS) - B LleHTpe BHUMAaHHUS BeJyIIHUX HCCIeN0-
BaTesnel. HAHONOKPBITHS U3 IapHUIeHaA OTIU-
4aeT OTCYTCTBHeE IIOP, UTO IIO3BOJISIEeT YCIEIIHO
HCII0/Ib30BaTh €ro 4151 QOPMUPOBAHUS AUIIEK-
Tpudeckux ciaoeB B OTFT-MaTpuLlax U O Tep-
MeTH3alluu OLED-gucIIieeB U IMe4YaTHBIX IIJ1aT.
Anma3zononobHele HAHOMOKPHITHSA (ta-C, a-C:H)
MMeIOT IIHUpoYyaliliee IPUMeHeHHe 0T Tpuboiio-
rUM U 6MOMeOULIMHBL 10 YMEeHbIIeHH I Ta30I1PO-
HHUIlaeMOCTH Tapsl U3 I13T.

V3 mepCclIeKTUBHBIX TeXHOJOTHHN CTOUT yIIO-
MSIHYTh OPMHUPOBAHHUE CAMOOPraHHU3yOIKXCS
HAHOCTPYKTYP IIyTeM HOHHOMN 6omM6apAUPOBKHU

OLED-displays and printed circuit
boards. Diamond-like nanocoat-

itis possible to identify trends that ¢ biocompatibility;

affect the accelerated introduction

of industrial processes, providing

the following advantages:

+ reduction of process temper-
ature (important for plastic
substrates);

« cost reduction and simplification
of the equipment (for example,
due to the exclusion of the vac-
uum system);

« uniformity of the coating over a
larger area;

« ability to apply roll-to-roll (R2R)
processing;

« conformability;
« absence of pores (hermeticity).
Craphene will definitely stand
out among the many promising
nanomaterials and coatings. The
development of industrial technol-
ogy of its synthesis (in particular,
using the substrate made of sili-
con carbide) is under the spotlight
of leading researchers. Parylene
nanocoating have no pores, there-
fore, can successfully be used for
forming the dielectric layers in the
OTFT-matrices and for sealing of

ings (ta-C, a-C: H) have the broad-
est application from a tribology and
biomedicine to reduction of gas per-
meability of PET containers.
Promising technologies include
the formation of self-organized
nanostructures by ion bombard-
ment of the surface at a certain
angle or by the use of block copo-
lymers. One of the already imple-
mented applications is the man-
ufacturing of wire grid polarizer
(WGP) for LCD-displays. In the
future we can expect increased use
of self-assembly of nanocoatings.
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[IOBePXHOCTHU IIOJ OIlpele/leHHBIM YIJIOM HJIH
HCII0/1b30BaHU S 6/10K-cOmTOIMMepoB. OJHO U3 yKe
peann30BaHHBIX IPUMEHEHHI ~ U3TOTOBJIeHHeE
nonsipusaropa WGP (Wire Grid Polarizer) ans
LCD-gucneeB. B 6yayiiemM MOSKHO OKHAATh pac-
mUupeHUe NPHUMeHeHUS MeTOAOB caMocbopku
HAHOIIOKPBITHH.

FoBopsi o0 mpobsemMax pPa3BUTHUS AAHHOIO
HaIlpaBjeHHUSI HAHOMHAYCTPHUHU B POCCHH MOKHO
OTMETHUTH HeXBAaTKy BO MHOIMX PerHoHax cep-
BHCHBIX LIeHTPOB I10 BOCCTAHOBJIEHHIO ITIOKPHI-
TUH (HallpUMep, Ha peXylleM HHCTPYMeHTe),
a Tak>XXe HeoOXOLHUMOCTb BHeJPEeHUSI TeXHOJIO-
UM HAaHONOKPHITHU B HepPreTHKe M 34PaBo-
oxpaHeHHHU. Ho rmaBHOe - 3T0 He0OXOAUMOCTh
BOCCTAHOBJ/IEHUS YTePSIHHBIX MO3UIHMU OTe-
YeCTBeHHOM NPHKJIAAHOM HAYKH MU TEXHOJIO-
MU U CO3JaHHe YC/NOBHUH [Jis NPOABHKEHUS
Ha PBIHOK CO6CTBEHHBIX BBICOKOTEXHOJOTHU-
HBEIX pa3paboTok. He cekpeT, UTO B OCHOBE MHO-
TUX UMIIOPTHBIX NIPUOOPOB U TeXHOIOTHI, B TOM
4YHce U B 06/1aCTH HAHOMOKPBITHUH, JIeXaT oTe-
YeCTBeHHBle UAeU U pa3paborku (Hampumep,
MEVVA - Metal Vapor Vacuum Arc unu KUB

Speaking about the problems of
development of this area in the
Russian nanoindustry it should
be noted shortages in many
regions of the service centers for
restoration coatings (for exam-
ple, on cutting tools), as well as
the need for the introduction of

Igor Yaminsky
Director General of the Advanced

Technologies Center, Professor of
Lomonosov Moscow State University,
D.Sc.

B PYCCKOSI3bIYHOM TPAHCKPHUIILIMHK — KOHJEHCca-
LUs C HOHHOM HoMbapaupoBKo). 3amada - cae-
JIaTh TaK, YTOOBI MX OBIJIO BEITOJHO BOIIJIONIATh
B >KU3HB B Poccuu.

Hrops

SIMHHCKHH

2eHepaAbHbIL dUpermop KOMNAHUL
"LleHmp nepcnekmusHblX mexHono2uil”,
npo¢. MT'Y um. M.B.JIoMoHOC084,
0..-Mm.H.

I[Tepen TeM KaK OTBedaTh HAa 3TOT Ba>XHBIM
BOIIPOC, JlaBalTe 3alMeMCs IIPOCTBIM PacyeTOM.
I[TocMOTpUM, KaK MeHSAETCS OTHOIIeHHe YHKcIa
ATOMOB, PacCIIOJIOKeHHBIX Ha IIOBePXHOCTH TeJla,
K YHCJIy aTOMOB, COCTAaBJSIONUX 06BeM 3TOTO
Tena. Jlns ygobcTBa pacyeTa Bo3bMeM Teso che-
puudeckor ¢opmbl. [1s Tena pajguyca r obmee
YHCJI0 MOoJIeKysI NV paBHseTCS:

4mir?
S = s ’

m

N

where S, is the cross sectional
area of a single molecule.

Then the ratio of the number of
atoms on the surface to the total
number of atoms:

nanocoatings in the power engi-
neering and healthcare. But the
most important are the need
to restore the lost positions of
Russian applied science and tech-
nology, and the creation of condi-
tions for promotion of domestic
high-tech developments. It is no
secret that many of the imported
equipment and technologies,
including in the field of nano-
coating, are based on Russian
ideas and developments (for
example, MEVVA - Metal Vapor
Vacuum Arc). The goal is to make
them profitable to implement in
Russia.
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First, let’s look at how the ratio
of the number of atoms located
on the surface of the body, to
the number of atoms in the body
changes. For convenience of calcu-
lation, let us consider the spheri-
cal body shape. For the body of
radius r, the total number of mol-
ecules Ny equals:

_Anr’
EYA

where V, is the volume of one
molecule.

The number of molecules
located on the surface of a
sphere:

Ny

N, _3YV,

N, S.r°

For a single molecule the ratio
is equals 1:

v

N, 3V, r,

=2'm_ m_1q,
N, S,r r

v

where 1, is the radius of a sin-
gle molecule.

We have got an easy and obvi-
ous rule - the number of atoms
on the surface of the sphere is
less than the volume as much
as the radius of a molecule
is less than the radius of the
sphere. From a radius of 1 nm to
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_4nr?
Vosy,

rae V,, - o6beM OJJHOM MOJIEKYJIBL.
Yuicao MOJIeKys, PacIooXKeHHbIX Ha II0BepX-
HOCTH Hallel cdepsl,

_ A’
s S ’

m

N

rae S, - IIJI0MIalb [IOIIePEeYHOI0 CeYeHHU I OTHOM
MOJIEKYJIBL.

OTHOIIeHHe YHUC/IA AaTOMOB Ha IIOBEPXHOCTHU
K CyMMapHOMY YHC/1y aTOMOB:

N, 3V,
N, S,r°

v

ﬂ)’[ﬂ O,ELHOI:I MOJIEKYJIbI 5TO OTHOIIEHHE PABHSA-

yeM B 06beMe BO CTOJIBKO pPa3, BO CKOJIBKO PafHyC
OIHOM MOJIeKYyJIbl MeHblIe pajuyca mapa. Eciau
MBI IIepeX0oUM OT pafuyca B 1 HM K paguycy 1 m,
TO OTHOLIeHHe MeHseTCsl B MUJIJIMap/ pas!

dr3uYecKU BBIBOJ OUeBH/EH: B HAHOTEXHO-
JIOTHSIX, KOTOPble HMEIOT [IeJI0 C HAHOYaCTUIIAMH,
POJIb IOBEPXHOCTH — OIlpefie/IsiioNlas, a HaHOIIO-
KPBITHS, HaHeCeHHble Ha IIOBEPXHOCTh HAHO-
YaCcTUI], MOTYT KapJHHa/JIbHO MEeHATb CBOMCTBA
Hoc/JeJHHUX.

MOXHO yTBepKAaTh, YTO HAHONOKPBITHUS,
KOTOpble U3MeHSI0T QyHKIIMOHAIbHbEIE CBOM-
CTBa HAaHOYACTHUIL, 3aHUMAIOT ILeHTPasb-
HOe MeCTO B HAaHOTEXHOJOTHSIX. YXe ceHuac
MOXXHO NPHUBECTH [Ba IIpUMepa HAaHOYACTHI]
C HAHOIIOKPBITUSIMHU:

* KOJIJIOHJHBble KBAHTOBbIE TOUKH ~ BHYTPH I10JIy-

eTcsa 1:

OPOBOAHHK, Ha ITOBEPXHOCTHU [IAB - HCIT0/IB3Y-
IOTCS Ha IIPAaKTHKe TAKMMU TMTaHTAMU UHIY-

ES =%=£= 1 CTpUH, KaKk Sony ¥ LG Ipu IPOH3BOACTBE MOHM-
v ooml T TOPOB BBICOKOM SIPKOCTH U KOHTPaCTHOCTH,;
Ihe I, ~ PaAnyC OLHOM MOJIeKYJIHL. e 6moMapKephl Ha OCHOBE 307I0THIX HAHOYACTHI]

HonyqaeTcg IIPOCTOE WM HATJIAOHOEe IIpa-
BHJIO = ATOMOB Ha IIOBEPXHOCTH IlIdapa MEHBIIE,

the radius of 1 m, the ratio will

vary a billion times!

Physical conclusion is obvi-
ous: when working with
nanoparticles, the role of the
surface is crucial and nanocoat-
ings deposited on the surface of
the nanoparticles can dramati-
cally change the properties of
the latter.

It can be argued that nano-
coatings, which alter the
functional properties of
the nanoparticles are cen-
tral to nanotechnology.
Already we can give two exam-
ples of nanoparticles with
nanocoatings:

« colloidal quantum dots (the
semiconductor inside and the
SAW on the surface) are used in
practice by such industry giants
as Sony and LG in the production
of high brightness and contrast
monitors;

« biomarkers based on gold
nanoparticles with attached oli-
gonucleotides, antibodies or
ligands.

Biomarkers are composed of a
gold core, to which surface bio-
logical molecules are sewn. Due
to plasmon resonance, lead-
ing to increased light scatter-
ing, such biomarkers are eas-
ily measured by optical micros-
copy, and due to the high elec-
tron density they are well vis-
ible in the transmission elec-
tron microscopel. In atomic
force microscopy the gold parti-
cles allow to visualize individ-
ual acts of DNA hybridization?.

It should be noted that the
global market for biomark-
ers has already reached several
billion dollars annually. So,
in pregnancy tests (to detect
the hormone human chorionic
gonadotropin) conjugates of

C OPUIIMTHIMH OJIMTOHYKJIEOTUAAMM, aHTHU-
TeJaMU HJIU JIUTaHZAMU. B MeJUIIMHCKOH

gold nanoparticles with anti-
bodies are used. Buying immu-
nochromatographic tests, we
also acquire gold nanoparticles
with functional nanocoatings.

Gold nanoparticles find new
applications in biology and
medicine, in particular, in por-
table sensors for viral and bac-
terial infections. The high sen-
sitivity of these particles com-
bines with ease of use, safety,
reliability, and that much
important, with budget price.
Now environmentally friendly
manufacturing of metal
nanoparticles, for example,
using plant extracts are actively
developed?.

A separate, important and
useful topic are nanocoatings
for macroscopic bodies, such as
thin waxy film to protect the
car body or hydrophobic pro-
tection from contamination
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OUATHOCTHUKe TaKye 6roMapKephl TaK>Ke Ha3bl-

BalOT OMOMEeTKaMHU.

Bruomapkepsl UIKU 6MOMETKH COCTOSIT U3 30J10-
TOTO fA4Pa, K IOBEPXHOCTH KOTOPOTO INPHIIHTHI
buosornyeckue MoleKkyIbl. braromaps mia3MoH-
HOMY Pe30HaHCY, IPUBOAALIEMY K YCHJIeHHIO pacce-
SHUSI CBeTa, TakKHe MeTKH YA06HO perucTpupoBaTh
C IIOMOIIIbIO0 OIITHYEeCKONM MHUKPOCKOIIHH, a 3a CUeT
BBICOKOM 3/IeKTPOHHOM IIJIOTHOCTH OHH XOPOILO
BHUIHBI B IPOCBEYHBAIOIINH 3/IeKTPOHHBIHN MUKPO-
ckor!. B aTOMHO-CUI0BOYI MUKPOCKOIIUH 30JI0ThIE
MEeTKH I103BOJISIOT BH3ya/lM3HUPOBAThH OTHEJ/IbHEIe
aKTBI THOPUIM3ALHH MOJIEKYJI ITHK?2.

CrnemyeT OTMeTHTh, YTO MHPOBOH PBIHOK OHO-
MapKepoB y>Ke COCTaBJIseT HeCKOJIbKO MHUJIJIKAP-
OB moaapoB. Tak, B TecTaX Ha bepeMeHHOCTH (Ha

1 TpecHoBal.B., PybuoBa M.tO., MpecHoB [.E., FpuropeHKko B.T., AMUH-
Cckmi N.B., EropoB A.M. NpyMeHeH1e KOHBbIOraToB CTpenTaBMAnHa C
HaHo4acTMuaMKM 3010Ta ANS BU3yanmnsaum eAnHUYHbIX B3auMoaew-

obHapy>keHHe rOPMOHA XOPHOHHUYECKOTO FOHA0-
TPOIIMHA YeJI0BeKa) UCIIONb3yI0T KOHBIOIAThI 30J10-
THIX HAHOYACTHI] C aHTHUTeIaMHU. [IoKyIas UMMYy-
HOXpoMaTorpadpuvyecKkue TeCThl, MBI TAK>Ke IIPHO6-
peTaeM 30JI0Thle HAHOYACTHUIIB C QYHKIIMOHATIb"
HBIMH HaHOIIOKPBITUSIMH.

HaHo4acTHIIBI 30JI0Ta HAXOAST HOBBIE IPHMeHe-
HUS B OHOJIOTHH M MeUIIMHe, B YaCTHOCTH, B I10P-
TaTHBHBIX CEHCOpPaX Ha BUPYCHHbIe U OaKTepHaIb-
Hble UHQeKIHH. [IpU 5TOM BBICOKASI YyBCTBUTEb-
HOCTB COYETAeTCs C YyA0OCTBOM HCIIONIb30BaHUS, be3-
OIACHOCTBIO, HAJIeSKHOCTBIO M, YTO HEMAJIO BasKHO,
c 6roakeTHOM 1leHOM. Ceruyac akKTUBHO pa3pabarsl-
BAIOT 9KOJIOTMYeCKH YHCThIe TPOH3BOACTBA HAHOYA-
CTHIL METAJIIOB, HAIIPUMeP, C IOMOIIBI0 SKCTPAKTOB
pacTeHuUI’.

OtTnenbHasi BasKHAs U I10JI€3HAsI TeMa — HaHOIIO-
KPBITHSI MAaKPOCKOIIMYECKHUX TeJl, HAallpUMep TOH-
YaKmas BOCKOBAas IIJIEeHKa JJISl 3aLIMTHL Ky30Ba
aBTOMOb6MIS uau ruapodobHas 3ammUTa CTeKIa

cTBUI JHK Ha NOBEPXHOCTM KPEMHUS. — BUOMEAMNLIMHCKAN XUMUS,

T.60, N2 5, c. 538-542.

2 [y6poBuH E.B., MpecHosa I'.B., Pybuosa M.1O., FpuropeHko B.T., NBa- 3
HUH A.W., EropoB A.M., AMUHCKNI W1.B. TIpUMEHEHME CKaHWUPYIOLLLeR
30HA0BOM MUKPOCKOMMWU B peLleHn 33424 MONEeKYNSPHON ANarHo-

CTUKW. — BuomegmnumHckasa xmmmsa, T. 60, N2 5, c. 543-547.

for glass. But perhaps it is not
as exciting as coating of the
nanoparticles. Many new dis-
coveries, ideas and techno-
logical implementations in
the field of nanocoating of the
nanoparticles are yet to come.
Also a lot of problems that must
be addressed. I would like to
wish all the enthusiasm and
success in this way.

Alexey Alekseyev
Director General of the SemiTEq JSC,

Ph.D.

Nanocoatings replaced the tra-
ditional technology of func-
tional coatings. The use of
nanomaterials and nanocoat-
ings in mechanical engineer-
ing is topical primarily for the
aerospace industry, propulsion
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133-139(2014).

engineering and automotive
industry. Although the core
competence of SemiTEq is the
development and production of
systems for the manufactur-
ing of electronic components,
equipment for the deposition
of functional nanocoatings is
a close area for us. The applied
technologies are basically sim-
ilar, but the only difference
is the need to apply coatings
on machine parts and tools.
It does not require peculiar to
our equipment cleanliness and
quality of so-called "thin films",
which greatly simplifies the
task.

Functional nanocoating is
just a new trend, however, we
note the constant growth of
this market segment. Among
the promising technologies
should pay attention to atomic
layer deposition (ALD). This

Love A.J., Makarov V., Yaminsky I., Kalinina N., Taliansky M.E.
The use of tobacco mosaic virus and cowpea mosaic virus for the
production of novel metal nanomaterials. — Virology, N2 449,

technology provides the abil-
ity to control the properties of
materials at the atomic level
when applying layers of dif-
ferent elemental composition,
structure and thickness to
achieve the required characteris-
tics. The range of practical appli-
cations of ALD involves thin-
film coatings not only in photo-
voltaics and optics, but also in
hardening of glass, biocompati-
ble coatings, protection against
tarnishing and corrosion, as
well as in the formation of vari-
ous functional nanocoatings.

There is a growing use of reli-
able and universal processes
of physical vapour deposition
(PVD) for various products,
including cutting tools. One of
the most popular and common
in this area are the gas-thermal
sputtering and ion-plasma mag-
netron sputtering.
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OT 3arpsi3HeHU . Ho, HaBepHOe, OHa He TaK yBJIeKa-
TeJIbHA, KaK HAHOIIOKPBITH I HAHOYACTHUL]. MHOrHe
HOBBIe OTKPBITHSI, UJ €U U TeXHOJIOIUYeCKHe BOIIJIO-
IIeHUs B 0671aCTH HAHOIIOKPBITHE HAHOYACTHI] ellle
Brepenu. TaksKe U MHOr0 Ipobem, KOTOpbIe HaZI0
OyneT pemaTh. Xo4eTCsl BCeM IIOKeJIaTh SHTY3Ha3Ma
U yCIIeXOB Ha 3TOM Iy TH.

Anekcein

AJlekceeB

2eHepanbHbLil JUpermop KomnaHuu
"Hay4Hoe u mexHoAo2u4eckoe
o6opydosatue"” (3A0 "HTO", SemiTEqg),
K..-M.H.

HaHOMOKPEITHS NPUILIA Ha CMEHY YyKe TPaAHULIHOH-
HOM TeXHOJOTHH QYHKIHOHAJIbHBIX IMOKPBITHH.
[IpMeHeHHe HaHOMaTepHasa0B U HaHOIIOKPHITUH
B MAIIHMHOCTPOEHUHU aKTyasbHO IIPeK/e BCero AJs
ABHUALIMOHHOM M KOCMHYeCKOM IIPOMBIIIIEHHOCTH,
JBHTaTesle- U aBToMobuiecTpoeHus. HecMoTps Ha To,

New technologies for the
production of nanostructured
coatings replace the outdated
and environmentally harmful
(in particular, galvanic tech-
nology), while there is no sig-
nificant rise of cost of the pro-

Dmitry Burlutskiy
development engineer, head of the

Research group for interdisciplinary
studies, PFUR

Y4TO KJIKUYeBOoM KoMmeTeHIHeHd 3A0 "HTO" aBnsgercs
pa3paboTKa U IMPOU3BOACTBO CHCTeM JJisI CO3Ja-
HUSI 3JIeKTPOHHOM KOMIIOHEeHTHO¥ 6a3sl, 060pynoBa-
HHe [JIs1 HAaHeCeHU s QYHKIIMOHAIBHBIX HAHOIIOKPBI-
THUH IBIseTCsS OIU3KUM AJIs1 HAaC HalpaBlieHUEM.
[IprMeHsieMble TEXHOJIOTHUH B OCHOBHOM CXOXH, a
OT/IMYHeE 3aKJII0OUAETCS JIUIIb B HeOOXOIMMOCTH HaHO-
CHUTB IIOKPHITHUS Ha eTaJIl MAIIUH U UHCTPYMEHT.
IIpu 3ToM He TpebyIOTCS CBOMCTBEHHBIEe HallleMy
060pyAOBAHHUIO YUCTOTA M Ka4eCTBO TaK Ha3bIBae-
MBIX "TOHKUX IUIEHOK', UTO 3HAUUTEIbHO obIeryaer
3azauy.

OyHKIIMOHA/IbHbIE HAHOIIOKPBITUS ~ JOCTATOYHO
MOJIOZiOe HaIlpaBjeHHe, TeM He MeHee MBI C KOJljle-
raMu oTMedaeM IIOCTOSIHHBIF POCT JAHHOIO CerMeHTa
peIHKA. Cpenu IepCleKTHBHBIX TeXHOIOTUH CTOUT
06paTUTh BHUMaHUe Ha aTOMHO-CJIO€BOE OCaKIeHHe
(ALD). 9Ta TeXHOJIOTUSI IIPeOCTABIISIET BO3MOXKHOCTD
YIIPaBJIEHH S CBOMCTBAMH MAaTePHUAJIOB Ha AaTOMapHOM
YPOBHE IIPH HAHEeCEHHUHU CJI0€B PA3HOI'0 3IeMeHTHOT0
COCTaBa, CTPYKTYPBL U TOIIUHBI [I/15 OCTU KeHHU S Tpe-
OyeMBIX XapaKTepHUCTHK. O6J1aCTh TPAKTHUYECKUX IIPH-
MEeHEeHHU TeXHOJIOTHH ALD BKR/IOUaeT HaHEeCeHHe TOH-
KOILIEHOYHBIX IIOKPBITHH He TOJIBKO B GOTOBOIBTAKKE

United States over the past five
years, the market ma nanomate-
rials grew more than three times.
For nanocoatings average annual
growth estimate of 43%. In the EU
and North America, as well as in
Japan the long-term programs of

cess. In my opinion, the most
interesting projects carried out
Keldysh Research Centre and
VIAM developing, in particu-
lar, nozzles and turbine blades
with nanostructured coatings.
I believe that functional nano-
coatings have a great future
and a huge field of applica-
tions, which over time will
expand.

Dilda Smagulova

engineer, MBA, head of the
International research group, PFUR

The role of nanotechnology in
today’s market of innovative
materials is characterized by
high rates of development of
functional nanocoatings. Major
target segments are construc-
tion, coatings that protect from
the external environment, the
military industrial complex (cor-
rosion protection and textiles),
household goods (easy-clean and
anti-microbial coatings), auto-
motive (corrosion protection and
hydrophobic coatings).

Growing demand for nanocoat-
ing is associated with the rapid
development of the market of
nanomaterials. Thus, only in the

development and introduction of
nanomaterials are implemented.
The main problem should be con-
sidered the practical development
of technologies that will allow
the production of the required
volumes of nanomaterials that
are competitive on the markets.
Due to this, the production of
nanomaterials in recent years,
surely becomes industrial. In
particular, it reduces the cost of
production of carbon nanotubes.
Researches in this area are con-
ducted in MEPhI, Lomonosov
MSU, MISIS, PFUR, MUCTR,
the number of laboratories and
research groups in Rybinsk,
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DKCMEPTHAS OLLEHKA

U OIITHKe, HO U B yIIPOYHEHUH CTeK/Ia, II0NyYeHUH
OHMOCOBMECTHMBIX ITOKPBITHUI, 3aIUTE OT IIOTyCKHe-
HUS 1 KOPPO3HH, a TAK>Ke GOPMHPOBAHUH Pa3THIHBIX
GYHKITMOHAIBHBIX HAHOIIOKPBITHE.

Bce 6onblee mpuMeHeHHe IIONIYYAIOT HaZeXKHbIe
U YHHBepCaJbHBIe IIPOLecChl PU3UUECKOr0 OCaXK-
OeHUus HOKPI:ITI/II;I (PVD) Ha pa3iMYHbIe H3OeIus,
B TOM 4YHCJIe Ha PeXYIMH HHCTPYMeHT. OGHUMU
13 Haubosee BOCTpe6OBAaHHBIX U PACIIPOCTPAHEHHBIX
B 3TOM cdepe SBIISIOTCS Fa30TePMHUYECKOe HAIlbIeHHe
Y MOHHO-TI/IA3MEeHHOe MarHeTPOHHOE PACIIbIIIeHHe.

HoBble TeXHOJIOTUHU I0/IyYeHUsI HAHOCTPYKTYPH-
POBAaHHBIX IIOKPBITHH 3aMEHSIOT yCTApPEeBIIHE U 9KO-
JIOTUYeCKY BpeAHbIe (B YaCTHOCTH, FaJIbBAHHUYECKHE
TEeXHOJIOTHH), IIPH 3TOM He IIPOUCXOLUT CHUIBHOIO
yOOpPOKaHHUS TeXHOJIOTUYeCcKoro mmporecca. Ha mon
B3IVISLZL, Hanbolee HHTepecHbIe paboThI CETOLHS BeyT
THII "LlenTp Kenppima', a Takske "BUAM", pa3pabatsl-
BaIOIHe, B YaCTHOCTH, COILIA SBUTATe/IeHr U JIOMaTKU
TYypOUH C HAHOCTPYKTYPHUPOBAHHBIMHU ITOKPBITH-
sMHU. CUHTAIO, YTO QYHKIIMOHAIbHBIe HAHOIIOKPhI-
THs uMeloT bonbuioe byaylnee ¥ OTPOMHYIO chepy
IIpUMeHeHHU!, KOTOpasi co BpeMeHeM byzmeT TOIbKO
PaCIIHPSITHCS.

JIMHUTpHI

Bypayukun
UH3KeHep-KOHCMpYKmop, pykosodumenb
HayuHotl 2pynnbl no mMeskoucyunauHap-
Hbim uccnedosanusm PYTH

Adunpga

CMmaryioBa

UHsKkeHep, MBA, pyrosodumenb Mesk-
dyHapodHoli Hay4uHol 2pynnel PYTH

Posib HAHOTEXHOJIOTUN Ha COBPeMeHHOM pPBIHKe
MHHOBAIIHOHHBIX MaTePHaJIOB XapaKTePHU3YyIOT BBICO-
KIe TeMIIbl Pa3BUTHS TeXHOIOIMH QYHKIMOHATBHBIX
HaHOITOKPBITHUM. KPyITHBIMH LieJIeBBIMU CeTMeHTaMH
JUISL HUX SIBISIIOTCSI CTPOUTENBCTBO, IIPOKU3BOLICTBO
IIOKPBITHI, 3aIIUIAIONINX OT BO3/EHCTBU S BHEIITHEN

Izhevsk, Novosibirsk. US and
NATO, Japan invested hundreds
of millions of dollars in research
and production of nanomaterials,
manufacturing of equipment and
structures with nanocoatings.
Russia and those international
associations, in which she plays
a significant role (BRICS, CSTO,
Eurasian Union) should also to
pay essential attention to these
questions, in order not to fall out
of the scientific and technologi-
cal competition.

Experts expect much from the
massive use of nanocoatings in
the energetics. It is expected that
in the nearest future for ener-
getics will account for about 13%
of world consumption of nano-
products, and in the foreseeable
future developments in nanotech-
nology will help to make a revolu-
tionary leap in the development
of the production and conversion

HAHO MHOYCTPUA #2/56/2015

of energy. Given the low diversifi-
cation of the Russian economy, the
relationship between the finan-
cial sector and energy prices, such
developments can hit it. It should
be noted that the Russian govern-
ment last year approved the fore-
cast of national science and tech-
nological development up to 2030,
in which new materials and nan-
otechnologies are included among
the priority areas of development
of science and technology.

As noted above, the produc-
tion of nanocoatings is already
an important segment of nano-
technology. An important area
will be the development of self-
cleaning and self-healing coat-
ings. Modification of the adhe-
sion of surfaces will significantly
change the number of traditional
technologies, for example, in the
construction of pipelines, which
is important for the oil industry.

In connection with our topic
the projects for the production
of innovative ceramic coatings
for industry, aircraft and med-
icine are interesting, which
implements nanotechnol-
ogy centre SYGMA.Novosibirsk
of Technopark of Novosibirsk
Akademgorodok. In particu-
lar, they are developing ceramic
scalpels, heavy-duty ceramic
coatings for industrial machin-
ery, as well as a special ceramic
coating for aluminum engine
parts for unmanned aerial vehi-
cles, which reduces friction
and increases the service life of
machinery. Thisis a great exam-
ple of cooperation between tech-
nopark, the regional branch of
Russian Academy of Sciences
and the regional govern-
ment. This collaborative model
should be implemented in other
regions. u
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cpenbl, BIIK (@HTHKOPPO3UHHAS 3aIIUTa U TeKCTUJID),
TOBaphL OBITOBOr0 Ha3HAUYeHHUS (JIerko YHCTSIIHeCs
U IIPOTHBOMHKPOOHBIE IMOKPHITHS), ABTOMOOUIIB-
Hasl IPOMBINIJIEHHOCTH (AHTUKOPPO3UIMHAS 3aIUTa
Y rUIpopOoOHBIE TOKPBITHS).

PocCT cripoca Ha HAaHOIIOKPBITHSL CBSI3aH C OBICTPEIM
pasBUTHeM pbIHKA HaHOMAaTepHaloB. TaK, TOIBKO
B CIIIA 3a mociefHue ISTh JieT 06beM pBIHKA HAaHO-
MaTepHaJIoB BeIpocC Hojiee ueM B TPH pasa. [Ipu aTom
JlJIs1 HAHOIIOKPBITU U CPeHerofoBoM POCT COCTABUI
43%. B ctpaHax EC u CeBepHOU AMEPHKH, a TaKXKe
B SINOHUU COOPMHUPOBAHEI LOJITOBPeMeHHBIe I1PO-
rpaMMBI Pa3sBUTHUS U IPAKTUUYECKOI0 MCIIOIb30Ba-
HHUS HaHOMaTepHasoB. B KauecTBe OCHOBHOM IIpO-
61eMBbI onpeenseTcs IpakKTHYeCKoe OCBOEHHUE Tex-
HOJIOTH I, KOTOPBIE IT03BOMIAT 06€CIIeYUTh POU3BOJ-
CTBO He0bX0OHUMBIX 06beMOB HAHOMATEePUAJIOB, KOH-
KYPEeHTOCIIOCOOHBIX Ha PBIHKAX CObITA IPOAYKIIHH.
bnarogaps 3TOMy IPOM3BOACTBO HaHOMATePHUaAJIOB
B IIOC/IeJHHEe TOJbl YBePeHHO BHIXOAUT Ha IIPOMBIIII-
JIeHHBIU YPOBEHb. B UaCTHOCTH, YAelIeBISIOTCS TeX-
HOJIOTHUH IIPOM3BOJCTBA YIJIEPOJHBIX HAHOTPYOOK.
HccmemoBaHUs B 9TOM 00/1aCTU BenyTtcsa B MUOH, MI'Y,
MMUCuC, PYIH, PXTY, psge nabopatopuil 1 Hay4YHBIX
rpyni B Peibuncke, MkeBcKe, HoBocubupcke. CIIA
u HATO, SdmnoHUS BKAAaAbIBAIOT COTHU MUJIIMOHOB
ZOJI7IaPOB B MCC/IeJOBAHUS U IIPOM3BOACTBO HAHOMA-
TepHUaJIOB, U3TOTOBJIEHHE IIPHOOPOB K KOHCTPYKIIHM I
C MCIIOTIb30BaHHEeM HaHOIIOKPLITUM. POCCUS U Te MeK-
OyHapomHble 06beJUHEHHU S, B KOTOPbIX OHA UI'PAeT
cymectBeHHYI0 poib (BPHKC, OOKE, EBpasuicKun
Cor03), TaK>Ke TOJIKHBI YIeAsTh STUM BOIIPOCAM Cyllle-
CTBeHHOe BHHMaHHUe, YTOOBI He BBIIIACTD U3 HAyIHO-
TeXHOJIOTMYeCKOI'0 COPeBHOBAHM S,

Ocobble HameKIbl CIIEIIHATUCTHI CBA3BIBAIOT
€ MaCCOBBIM HMCII0/Ib30BAaHHEM HaHOIIOKPBITUH B cdhepe
3HepreTUKU. OKUIAETCS, YTO yKe B OIMKRAHIIen
[epCcIlieKTHUBEe Ha YHepPreTUKy OymeT MPHUXOLUTHCS
0K0JI0 13% MHUPOBOro OTpebeHN s HAaHOIIPOLYKTOB, a

B 0603prMoM byayieM pa3paboTku B chepe HAHOTEX-
HOJIOTM ¥ IIOMOTYT COBEPIIUTH PEBOIOLIMOHHBIN CKa-
YOK B Pa3BUTHUH TeXHOJIOTHH II0Jy4eHHU S U IIpeobpa-
30BaHUS SHEPrUU. YUYUTHIBAS HU3KYIO JUBePCUPHKA-
LIMI0 POCCHUIICKOM S5KOHOMHKH, 3aBUCKMOCTDb QUHAH-
COBOTO CEKTOpa OT LieH Ha SHepropecypcsl, mogobHoe
pa3BUTHe COOBITUE MOKeT YAAPUTD 10 HAIllek CTPaHe.
I[1pu 3TOM HeOOXOLHMMO OTMETHTD, UTO IIPABUTEIBCTBO
B IIPOLIJIOM I'OAY YTBEPAKJIO IPOTHO3 HAyYHO-TeXHO-
JIoTUYecKoro passuTtus Poccuu no 2030 roga, B KOTO-
POM HOBble MaTepHaJibl U HAHOTEXHOJIOIHH BKIIIO-
YeHBI B YMCJIO [IPUOPUTETHBIX HAallPaBJIeHUM Pa3BU-
THSI HAYKU 1 TEXHUKU.

Kaxk 65I710 OTMEYEeHO BBIIIE, IPOM3BOJCTBO HAHO-
IIOKPBITHH y3Ke COCTABIIsIeT Ba)KHBIM CEIMeHT PhIHKA
HAaHOTeXHOJIOTHH. OOHUM U3 BaXKHBIX HaIllpaB/leHUH
CTaHeT Pa3BUTHe CAMOOYHUIIAIOMIKXCS U CAMOBOCCTA-
HAB/IMUBAWIIKUXCS MOKPEITHHN. MoguduILIMpoBaHUe
aJre3uH II0BePXHOCTEH II03BOJIUT CYILIeCTBEHHO H3Me-
HUTbH PSA TPALUILIMOHHBIX TEXHOJIOTHUH, HAIIPHUMEP,
B CTPOUTEIBCTBE TPYOOIIPOBOZOB, YTO AKTYAJIBHO AJIS
He(TSHOM [IPOMBIIIIEHHOCTH.

B cBg3M Cc paccMaTpUBaeMOH TeMOM HHTe-
PeCHBI IIPOeKTHI II0 IIPOKM3BOACTBY MHHOBALIHOH-
HBIX KepaMHUYeCKHUX IOKPBITUH [ IIPOMBIIIIEH-
HOCTH, aBUALlMH U MeJULIUHBI, KOTOPble peann3yeT
HaHoTtexHonoruvecku LeHTp "CUITMA.HoBocu6bupck”
n3 TexHoIlapKa HOBOCHOMPCKOro AKaZeMIOpOAKa.
B "acTHOCTH, BeAyTCs pa3paboTKU KepaMUYECKHUX
CKaJIbIIeNIer, CBEPXIIPOYHOro HpoHeKepaMHUUeCKOTo
MOKPBITHS 151 IPOMBIIIIEHHON TeXHHKH, a TaKXKe
CIIeLMaJIBHOTO KePAaMHUUeCKOro IIOKPBITHS /ISl aJII0-
MUHUEBBIX [leTa/IeH ABUTaTeel 6eCIIMIOTHBIX JIeTa-
TeJIbHBIX AIIIIapaToB, 6/1arofapsi KOTOPOMY CHHKAETCS
TPeHHe U YBeJIMYHUBAETCS CPOK CJIY>KOBI MeXaHH3MOB.
9TO 3aMeyaTe/IbHBIN IIPUMep COTPyAHUYECTBA TEXHO-
[1apka, perkoHaJIBHOro oTheieH st PAH U ITpaBUTe b
cTBa obsactu. Takyro Mozenb COBMECTHOM PaboThl
HeobXO MO BHEIPSTh U B IPYTHUX PerHOHAX. |

#2 /56 /2015 NANO INDUSTRY



