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petanen
M MHCTPYMEHTa MNOCTOSSHHO pacTteT. Hamb6onee BOoCTpe60BaHbl KOPPO3MOHHOCTOMKME, XXapoCTomKue,
a Tak)ke M3HOCOCTOMKNE U aHTUDPUKLMOHHbIE MOKPbITUS. OAHON U3 BaXKHbIX o6nacten NpUMeHeHUs
cneumanbHbIX MOKPbITUIA SBASIETCS MPOU3BOACTBO AeTasieid ra3oTypbuHHbIX ABuratenen. Ha ocHose
aHanM3a MeTOL0B MOJIyYeHUs MOKPbITUM ANS U3fenuin, paboTalowmx B arpecCUBHbIX cpefax, co3paHa
HOBasi TEXHOJI0rUsl HAaHeCEHUs1 HAHOCTPYKTYPHbIX ra30HeNpoH1L,aeMbiX PVD-NOKPbITUNA.

The demand for protective and strengthening surface coatings for parts and tools is constantly

nOTPesHOCTb B 3aWMUTHbIX WU YNPOYHAKOWUX NOBEPXHOCTHbLIX MNOKpbITUAX  ANd

growing. Corrosion-resistant, heat-resistant, and also wear-resistant and antifrictional
coatings are most demanded. Important area of application of special coatings is the
production of parts for gas turbine engines. Analysis of coating methods for components that
operate in harsh environments allowed to develop a new technology of nanostructured gas-

tight PVD coating.

OKpBITUSI, obnamarniue Haubosnee BHICOKUMU

TeXHOJOIHYeCKHMU CBOMCTBAMU, HAHOCITCS

o TexHojorusam PVD (pusuyeckoe ocaskie-
HHe M3 ra3sopou ¢assl) U CVD (XHMHYECKOe 0CaXKIe-
HHe U3 ra3oBod ¢asel). HcciemoBaHue CTPYKTYPHL
TaKHUX MOKPBITUH Ha 371eKTPOHHOM MHKPOCKOIIe
IIOKa3bIBAET, YTO OHU KUMEIOT CTOJI6YATyI0 CTPYKTYPY
C pa3MepoM AHUCIIEPCHBIX CTOIOUATHIX KPUCTAIIUTOB
0T 1 10 3 MKM, a TaK>Ke XapaKTePHU3yIOTCSI HaIMYHeM
KarespHOM (a3bl HeIIpopearkpoBaBIIero 0CaskaeMoro
MeTaJlJla pa3MepaMu [0 5 MKM. B CBSI3U C 3TUM, B arpec-
CHUBHBIX CpeflaX TaKHe IIOKPBITHS IToJBePKeHbI dpar-
MEHTapHOMY Pa3pyIIeHHIO 1 OTIIeTyIIUBAHUIO. YTOOBI
n36eskaTh TAKUX IIPOLIECCOB, paboTaroIIMe B AT PeCCHB-
HBIX CpeJlaX U IIPH BBICOKUX TeMIIepPaTypax OKPBITHS
JleTajlel U HHCTPYMeHTa JOJIKHBL OBITh Fa30HEITPOHHU-
LIaeMbIMH. JTO [I03BOJIUT UCKJIIOYUTH JIOKAJIbHOE HAPY-
IIeHKe HUX CIIOIHOCTH U, TAKUM 00pa3oM, ITOBBICUT
HaJle>KHOCTh U30e/TUH.

OBJIACTb MPUMEHEHUA TA3OHEMNPOHULIAEMbIX
NOKPbITUN

HaHOCTPYKTypHBIe Ta30HEIIPOHHIIAeMble IIOKPBITHS
BocTpebOBaHBI, B IIePBYIO O4Yepe/b, B IIPOU3BOACTBE
JeTasel ra3oTypbHMHHBIX ABUTaTesner. TeHIeHIHeHn
Pa3BUTHS COBPeMEHHBIX Ta30BbIX TYPOUH SIBIISIETCS
MOBBILIIEHHE TeMIlepaTypsl pabouero rasa U, cOoT-
BeTCTBEHHO, OOBIINKI HarpeB pabouux Kojec Typ-
OWH, JIONIATOK K IPYTUX [eTaIeH COIJIOBOrO aIlllapara.

IIpy BBICOKMX TEIIOBBIX M MeXaHHYeCKHX Harpys-
KaX B arpeCCHBHBIX Cpe/laX YKa3aHHbIe JeTaIx ObICTPO
BBIXOZISIT U3 CTPOSI, YTO IIPUBOAUT K Pa3pyILeHHIO JOPO-
FOCTOSIIIUX AT PETraToB U CePbe3HBIM ABAPHSIM.

9¢PeKTUBHBIM HAIlpaBIeHHEM YIyYIIeHHUS IKC-
IIJIyaTallMOHHBIX CBOMCTB SKapOIIPOYHBIX CIIJIABOB
111 TIOBBIIIEHH I Ha/IeSKHOCTH JleTajier ra30TypOouH-
HBIX JIBUTATeJIeH SIBISeTCS HAaHeCeHHe CIelHaTbHBIX
MIOKPBITHH.
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Puc.1. MpuHyunuanbHasg cxema UCMo4HUKA homoka cenapu-
posaHHol nAazmel
Fig.1. Schematic diagram of the source of the separated plasma flow
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CpasHeHue xapakmepucmuk mexHoAO2UL HaHeceHUs 2a30HenpoHULAeMbIX NOKPbIMUL
Comparison of the gas-tight coating technologies

XapaKTepuCcTUKU NOKPbITUA

NANOTECHNOLOGY. COATINGS

Characteristics of coatings TonuuHa CkopocTb Bpems OTHOoCUTeNnbHas
MeTop HaHece- NOKpbITUS, OocCaxAeHus, ocaxpaeHus  ce6ecTOMMOCTb
HWS MOKpPbITUS raso- MKM MKM/Y (500 MKMm) 3KCIJlyaTauum
Coating Tenno- HenpoHu- Coating Deposition Deposition  o6opyaoBaHus
technology CTpykTypa  CTOMKOCTb , ~aviocTh thickness, velocity, time Relative
Structure Heat Gas- pm pm/h (500 pm) operating cost
resistance tightness
YnbTpa-
5 MesiKo-
Eassch’ﬁ;?g'gvcg D | aucnepcras - 100-500 7-12 504 1,0
P Ultra fine-
dispersed
DN1eKTPOAYroBOM
PVD c cenapauuen ~
naasmMeHHOro THaHHc;c;pyK
noToka R + 100-500 10-20 544 03
: ano-
Arc-PVD with structured
separation of
plasma flow
Ynetpa-
MarHeTpOHHbIN MesKo-
PVD avcnepcHas + 100-500 2-5 2104 0,3
Magnetron PVD Ultra fine-
dispersed

TEXHOJIOr 1S NONIYYEHUA HAHOCTPYKTYPHbIX

FA30HEMPOHULLAEMbIX MOKPbITUI

Jl71 HaHeCeHHU I TIOKPBITHE, KaK IIPABHIIO, HCIIONIb3YeTCs
nub0 MarHEeTPOHHOE pacIblIeHHe, TUO0 ocakAeHUe
13 ra3oBoX aspl. HejocTaTkaMU [I€pPBOIO SIBJISIIOTCS
HHU3Kas IPOU3BOJUTENIBHOCTh U BBICOKAs cebecTo-
HMOCTh, HEJIOCTATKAMU BTOPOrO - HeCTAabUIBHOCTD

oatings with the highest

properties are obtained by

PVD (physical vapor depo-
sition) and CVD (chemical vapor
deposition). The study of the struc-
ture of such coatings in an electron
microscope shows that they have a
columnar structure with the size of
dispersed columnar crystallites of 1
to 3 pm and are characterized by the
presence of condensed phase of unre-
acted deposited metal, which can be
up to 5 pm. In this regard, in aggres-
sive environments such coatings
can partially be destroyed and peel
off. To avoid such processes, coat-
ing of parts and tools that operate
in harsh environments and at high

CBOMCTB HAHOCKMOTO IIOKPBITH A M3-3d4 HA/IUYHS B HEM

HeOLHOPOIHOCTEX (IeHIPHTOB), UTO He MOXKeT obecrie-

YHTbI'a30HEITPOHHUIA€MOCTD, ITPUMEHEHKE BbICOKOTOK™

temperatures, must be gas-tight.
This will avoid local damage of coat-
ing continuity and, thus, increase
the reliability of the products.

MARKET FOR GAS-TIGHT COATINGS

Nanostructured gas-tight coating
are in demand, primarily in the
manufacture of parts for gas tur-
bine engines. The trend in devel-
opment of up-to-date gas turbines
is the increasing of the tempera-
ture of the working gas and, conse-
quently, bigger heating of turbine
impellers, blades and other parts of
the nozzle block. Under high ther-
mal and mechanical loads in corro-
sive environments these items are

CHYHBIX BEII[eCTB, a TAK’Ke BHICOKAsI CeOeCTOMMOCTb.
Jlnst ycTpaHeHUs MepevdrCIeHHBIX HeJJOCTaTKOB
OBLTH ITPOBe/IeHbI MCC/IeIOBAHUS U pa3paboTaH TeXHO-
JIOTMYeCcKHUM Ipolecc GOPMHPOBAHMUS TOTICTOCTOMHBIX
ra30HeIIPOHHIIAeMbIX KOMIIO3UIIHOHHBIX HAHOCTPYK-

easily damaged, which leads to the
destruction of expensive aggregates
and serious accidents.

An effective way of improving
the performance properties of high-
temperature alloys to improve the
reliability of parts of gas turbine
engines is the application of special
coatings.

OBTAINING OF NANOSTRUCTURED
GAS-TIGHT COATINGS

The most demanded technologies
of coating are magnetron sputter-
ing and vapor deposition. The disad-
vantages of the first are low produc-
tivity and high cost, the disadvan-
tages of the second are instability
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Puc.2. YcmaHogka das HaHeceHus PVD-nokpbimul 3AeKmpo-
dy208bIM Memooom
Fig.2. Device for PVD coating by electric arc method

TYPHBIX IIOKPBITHI C UCIIOJIb30BAaHHEM CHCTeMEBI Cerla-
PHUPpOBaHUA IIJIA3MEHHOI0 II0TOKA. TeXHOJI0rus 3aKI0-
YaeTCsd B CO3JaHUU IeKTPOAYTOBEIM METOLOM IIOTOKA
[JIa3MBI HA OCHOBE KOMIIO3HUIIUHU K3 YeThblpeX HUTPUOB
meTaioB CoN-NiN-CrN-AIN. MaruuTHas crabuinsa-
LM S [IOTOKA B UCTOYHHMKE IIJIA3MBbI UCK/II0OYaeT HeOTHO-
POSHOCTH HAHOCHMOTO ITOKPBITHSI, 0becIriedrBas BbICO-
KYIO aZire3HI0 C IOAJIOKKOK, Ha KOTOPYI0 HAHOCHUTCS
IIOKpBITHE. biaromaps HUCII0/Ib30BAHUIO HUKEJIEBBIX
CILJIaBOB IIOKPBITHE M MeeT BbICOKYIO TEPMOCTOKKOCTb.
CoyeTaHHMe IVIOTHOYIIAKOBAHHOIO HAHOCTPYKTYPUPO-

HAHOTEXHONOrMn. NokpbiTUA

BaHHOI'O COCTaBa U TONUIUHEI (10 500 MKM) IIOKPBITH S
0becrieunBaOT BBICOKYIO 3P HEeKTHUBHOCTh PabOTHI IeTa-
JIeH B YCIIOBUSIX aTPECCHBHBIX CPefl, M BBICOKHMX TeMIlepa-
Typ. )

TeXHOIOrn4YeCcKUM IIPOLeCcC COCTOMT M3 IIpeaBa-
PUTeNbHON 06pabOTKU IIOBEPXHOCTH U3JIeTUI HOH-
HBIMH I[I0TOKAaMH, HarpeBa U HaHeCeHU s IIOKPLITH .
JiruTenbHOCTS I1poriecca — oT 30 1o 70 4. Kak ycTaHOBKa,
TaK U TeXHOJIOTH S YOBIETBOPSIIOT BCeM TPebOBaHUAM
COBPeMEeHHOI0 IIPOM3BOJCTBA, B TOM YHCJIe 3KOJIOrHYe-
CKHM.

Hpeu, 3a/0’)KeHHBIe B TeXHOJIOTHIO, 3aIlHIIEeHbl
nateHTaMu PO u EC (Me>1<,uyHapo,uHa;1 3asaBKa PCT/
R497/00106).

YCTAHOBKA AN HAHECEHUS! PVD-MOKPbITUI
JJIEKTPOAYIOBbIM METOAOM

TeXHOJIOTHYeCKHUH IIPOLlecC peasid3yeTcd Ha CIie-
LIa/IbHO CKOHCTPYHPOBaHHOM yCTaHOBKe, KaMepa KOTO-
PO MeeT LUIMHIPUYeCKy0 OpMY C BepXHeH KPbIII-
KOM /IS 3aTPY3KH. 3arpysKa IIPOH3BOJMTCS C UCIIO/Ib-
30BaHMEeM IIOAbeMHBIX MeXaHHU3MOB. B KaMepe Haxo-
IOUTCSI MeXaHH3M, KOTOPBII obecrieurBaeT BpallleHHe
H37e/us B IBYX IJIOCKOCTSIX — BEPTUKA/IBHOM U FOPH-
30HTa/IbHOM. MaKCHMa/bHBIH pa3smep obpabarbiBae-
MBIX U3[Ie/THH coCcTaBiaseT 800 MM.

BaxkyyMHas cuCTeMa YCTaHOBKH H3IOTOBJIeHA Ha
6aze popBaKyyMHOro U AHUPPy3HOHHOIO HACOCOB CO
CKOPOCTBIO OTKa4KH 7000 j1/C. YCTaHOBKA yKOMILJIEKTO-
BaHa IIeCThI0 BHICOKOIIPOU3BOAUTEIBHBIMHU 3JIEKTPO-
JOYTOBBIMH MCTOYHMKAMH IIJIa3MBbl C MaTHUTHOM CHCTe-
MO¥ CTabMIN3aIHHU IyTOBOro paspsifia U pOKYyCHPOBKH

of properties of the coating due to
the inhomogeneities (dendrites)
that cannot provide a gas imperme-
ability, the use of highly toxic sub-
stances, and high cost.

To eliminate these drawbacks
the studies were conducted and the
process of obtaining of thick-film
gas-tight composite nanostruc-
tured coatings using a separation
of plasma flow was developed. The
technology consists in obtaining of
the plasma flow based on the com-
position of the four nitrides of met-
als CoN-NiN-CrN-AlN using the elec-
tric arc method. Magnetic stabiliza-
tion of the flow in the plasma source
eliminates the heterogeneity of the
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coating, providing a high adhesion
with the substrate, on which the
coating is applied. Due to the use of
nickel alloys, the coating has high
thermal stability. The combination
of dense nanostructured composi-
tion and thickness (up to 500 pm) of
coating provides high performance
of parts in corrosive environments
and at high temperatures.

The technological process con-
sists of preliminary treatment of the
surfaces using ion flows, heating
and coating. The processing time
is from 30 to 70 hours. Both equip-
ment and technology meet all the
requirements of modern production,
including environmental.

The ideas behind the technol-
ogy are protected by patents of the
Russian Federation and the EU
(International patent application
PCT/R497/00106).

EQUIPMENT FOR PVD COATING

BY ELECTRIC ARC METHOD

For the implementation of the
technology special equipment was
created, the chamber of which
has a cylindrical shape with a top
cover to loading. Loading is per-
formed with the use of lifting
mechanisms. A special mecha-
nism allows the rotation of the
product in the chamber in two
planes, vertical and horizontal.



IIJIa3MeHHOTr0 II0TOKA JI/Isl HAaHeCeHHU sl TOKPBITUS. [/1s
npeiBapUTeIbHOIM 06paboTKMU IIOBEPXHOCTH HOHHBIM
IIOTOKOM CJIY>KHT IIMPOKOAIIepTyPHBIM HCTOYHHUK Ta30-
BOI IJIa3Mbl Ha OCHOBE TePMO3MHCCHOHHOIO pa3psija.
Tak>Ke yCTAaHOBKA OCHAIleHA CUCTeMOM I10Ja4H rasa C
aABTOMATHYeCKUM IO Iep>KaHeM JaB/IeHUs B KaMepe,
CHCTeMO¥ U3MepeHHUsI TeMIIepaTypbl U3/e i, Heobxo-
OUMBIMHU CUCTeMaMHU aBTOMaTH3aLIUH.

MEPCNEKTWBbI HOBOW TEXHOIOTUU

HoBas TeXHOJIOTHS II03BOJISET 3aMeHUTh METOIBI OCasK-
[eHU s TIOKPBITHH U3 Ta30BoH dpa3el. CTPYKTYpa IOKPHI-
THH, II0JIy4aeMBbIX C IPHMeHeHHeM pa3paboTaHHOM
TeXHOJIOTHH, 3HAYUTEIbHO OLHOPOIHEee (OTCYTCTBYIOT
"IeHIpUTHL"), CIJIOIIHOCTD IIOKPBITHS BBIIIE, TPAHUIIA
MIOKPBITHE-TIOAJIOKKA /1260 BeIpaskeHa braromapsi BEICO-
KOM aiTe3UH K MOHOJINTHOMY MaTepHaJIy OCHOBBI 1O
noskKU. CTabHIBHOCTB ITPOLIecca BBICOKAsI, UTO obecrie-
YMBaeT BHICOKHI IIPOLIEHT BBIXOAA PabOTOCIIOCOOHBIX
JeTaiew.

B peanu3anuy npoeKTa UCIIOIb3YIOTCSI OTeYeCTBeH-
HBble pa3paboTKU U TeXHOIOTHH. HOBBIE ITpoLiecc I03B0-
JISeT YBeIUYUTh pecypc TypOOHACOCHBIX arperaTos
SHepreTHYeCcKHUX YCTAHOBOK. OIleHHUBAsI IIePCIIeKTUBHI,
MO>KHO IIPOTHO3HPOBATh, YTO IIPH PELIeHUH 3a/1a4H 110
yBEeJIMUEHUIO pecypca paboTsl feTasier TypOOHACOCHBIX
arperaToB 3HEPreTHYeCKUX YCTAHOBOK C BO3MOXKHOCTBIO
bopcHpOBaHUS IKCIIIYATAIIMOHHBIX PESKHMOB IOCTH-
raeTcs oblree IOBBINIEHHE KOHKYPEHTOCIIOCOOHOCTH
TaKUX SHEPreTHUeCKUX YCTAHOBOK OTeUeCTBEHHOI'O ITPO-
M3BOACTBA. TaKUM 06pa3oMm, JaapHeHIast KOMMePLIH-
aIM3aLus JAHHOM Pa3paboTKU U co3/laHHe TeXHOIOTH-

The maximum size of the processed
products is 800 mm.

TECHNOLOGY

NANOTECHNOLOGY. COATINGS

PROSPECTS OF THE NEW

YeCKUX JIMHUM [IJI5 yIIPOUHEeHUS [103BOJISIT 06eCIIedrTh
[IPOM3BOJICTBO OT€UECTBEHHBIX MOIIHBIX SJHepreTudve-
CKUX YCTAaHOBOK, IIOBBICST 3KCIIOPTHBIM IIOTeHIIHAT
MAIIHHOCTPOEHUS B CErMeHTax SHepPreTH4YeCcKUX arpe-
raToB 1 060PYIOBaHUS IS yIIPOYHEHUS U3MeTH .
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turbopump units of power plants.
Assessing the prospects, we can

Vacuum system of the equip-
ment includes fore pump and diffu-
sion pump with a pumping speed of
7000 1/s. The device is equipped with
six high-performance electric arc
plasma sources with magnetic sys-
tem of arc discharge stabilization
and of plasma flow focusing for coat-
ing. For surface pre-treatment by ion
flux uses wide-aperture gas plasma
source based on the thermionic dis-
charge. Also the device is equipped
with gas supply system with auto-
matic maintenance of pressure in
the chamber, temperature control
system, automation systems.

New technology allows to replace
other methods of physical vapor
deposition. The structure of the
coatings obtained with the use
of the developed technology, is
much more homogenous (no “den-
drites”), the continuity of the coat-
ing is better, the boundary coat-
ing-substrate is poorly expressed
due to the high adhesion to the
monolithic material of the sub-
strate base. High process stability
ensures high yield.

In the project the Russian tech-
nologies are used. The new process
allows to increase the resource of

predict that the solution of the
problem of increasing the service
life of turbopumps of power plants
with the possibility of forced oper-
ation provides the overall competi-
tiveness of domestic production of
such equipment. Thus, the further
commercialization of this devel-
opment and creation of techno-
logical equipment for hardening
will allow the production of pow-
erful domestic power plants and
will increase the export potential
of engineering in the segments of
power generation units and equip-
ment for hardening. [
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