VIcnonb3oBaHue
COUPMEHHOIO
CTUNS




3HaK

BbICTPOEH NO CTPOron CeTKe.




3HaK

besonacHaga 30Ha

besonacHasa 3oHa paBHa AByM
PACCTOSAHNAM MeXay afieMeHTamMu
3HaKa

MuHmManbHasa BbiCOTa 3HaKa -
13 MM, WIMPUHA - 8 MM




icnonb3yembln LWpUdT

3 HadyepTaHud

Russisch Sans
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Bold
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VWWw XxYyZz



Hagnucb — Pycckmi

Russisch Sans Bold

NCO CO PAH



Hagnnce — Pycckun

CeTka

HayanbHoe pacctosHue mexay
bykBamMu paBHO 2/3 X TOMNLUUHLI.
[na ontumusauum Hagnucu
PACCTOSAHUM MeXOy HEKOTOPbLIMMU
BbykBaMu paBHbI MONOBUHE

OT Ha4anbHON TOSLLMHbI

[Tpobernbl mexay bykBamu paBHbI
3 OT HayanbHbIX PAaCCTOAHUN




Hagnucb — AHmMnMcKumn

Russisch Sans Bold

IHCE SB RAS



Haanncb — AHMUMNCKUA

CeTka

HayanbHoe pacctosHue mexay
bykBamMu paBHO 2/3 X TOMNLUUHLI.
[na ontumusauum Hagnucu
PACCTOSAHUM MeXOy HEKOTOPbLIMMU
BbykBaMu paBHbI MONOBUHE

OT Ha4anbHON TOSLLMHbI

[Tpobernbl mexay bykBamu paBHbI
3 OT HayanbHbIX PAaCCTOAHUN




JNorotnn — Pycckumn

MuHUManbLHbIM pa3mep
norotuna no wmpuHe —
27 MM

MuHUManbLHbIM pa3mep
nioroTuna no BblCOTe —
13 MM

MuHUManbLHbIN pa3mep
wpudpta — 11 pt

NCO CO PAH




INorotun — Pycckmin

besonacHaga 30Ha

besonacHas 3oHa paBHa AByM
PACCTOSAHNAM MeXay arieMeHTamMu
3HaKa

3anpeLLeHo MeHATb pacronoXeHue
3HaKa 1 HaanMcy OTHOCUTENBHO

Apyr Apyra

NCO COPAH




Jlorotnin — AHMMUUCKUNA

MuHUManbLHbIM pa3mep
norotuna no wmpuHe —
27 MM

MuHUManbLHbIM pa3mep
nioroTuna no BblCOTe —
13 MM

MuHUManbLHbIN pa3mep
wpudpta — 11 pt

IHCE SB RAS




Jlorotnin — AHMMUUCKUNA

3HakK + Haanucb

besonacHas 3oHa paBHa AByM
PACCTOSAHNAM MeXay arieMeHTamMu
3HaKa

3anpeLLeHo MeHATb pacronoXeHue
3HaKa 1 HaanMcy OTHOCUTENBHO

Apyr Apyra

IHCE SBRAS




JNorotnn — Pycckumn

BapwaHT ¢ HenonHou
abbpeBunartypom
MuH1UManbHbIW LWPUAT
Ha3BaHuA — 6 pt

05151 MMHUMarbHOro pasmepa
(CM. gpyrue cTpaHuLbl)

BbicoTa Haanucn paBHa 3/4
OT cepeauHbl 3HaKa
00 BHYTPEHHETO Kpyra

MHCTUTYT CUNIbHOTOYHOM

J ICK P'-A;A




3anpeLLeHo:

[edopmmpoBaTb HaONMUCL/3HAK N MEHSTb X pa3Mep icnonb3oBaTb 0OBOAKM Pacnonoratb fiorotun nog yrriom

COPAH

MeHATb 3HaK U HagnMcbL Mectamu 3axoauTb B 6e30onacHyo 30Hy Jfiorotuna 3axoanTb B 6e3onacHyto 30HYy 3HaKa

NCoC H COPAH COPAH




3anpeLLeHo:

icnonb3oBaTb TEHU U CBEYEHUE [TpnoaBatb 06beM icnonb3oBaTb OTpaXkeHue
COPAH COPAH COPAH
MeHATb Npo3payvHOCTL SloroTuna [lepemelLaTb HAANNCb OTHOCUTENBLHO 3HaKa MeHATb LWPUAT Ny HavyepTaHue Haanmcu

U O PAH
UC3. CO PAH

COPAH

‘V? Vi WU FADN




ilcnonb3yemble LBeTa

TeMHO-CUHUI benbin CBeTno-cnHum UepHbin

#383F5B #FFFFFF #AA5581 #292929
R: 56 - G: 63 - B: 91 R: 255 - G: 255 - B: 255 R:74-G:85-B: 129 R: 41 - G: 41 - B: 41
C:83-M:75-Y:41-K: 30 C:0-M:0-Y:0-K:0 C:60-M:45-Y:0-K:45 C:0-M:0-Y:0-K: 100



LIBeToBbLIE BapmaLmm rnorotuna

Ba)XkHO COXpaHUTb KOHTpACT

CuHunin norotun Benbin norotun CBETNO-CUHUI FTOroTuM UepHbIn norotun

6/9 NC3 CO PAH 6/9 NC3 CO PAH 6/9 NC3 CO PAH <]/9 NC3 CO PAH

benbin poH TEMHbIUN POH 6enbin ooH 6enbin ooH

CcBeTble dpoTtorpadum TeMHble dooTorpadumn CBET/ble poTorpadounm cBeTsble dpoTorpadum
4yepHo-0enasa neyarb



LIBeToBbLIE BapmaLmm rnorotuna

BaXxHO coxpaHuUTb KOHTpacCT

icnonb3oBaHue rpagueHTa

B nckntovnTenbHbIX cny4adXx gonyckaeTcs
NCMNOoJ1b30BaHWE 3HaKa C J1IETKMM rpaguneHToM, nndo
Mcnosib3oBaHne 6enoro 3Haka Ha rpagneHTe.

[ pagmeHT OomkKeH COCTOATb U3 PUPMEHHLIX LIBETOB -
OT TEMHO-CUHETO K CBETII0-CUHEMY, B COOTHOLLEHNA
50/50. 'pagneHT aormkeH bbITb NMUHENHBIM.

NC3 CO PAH

NC3 COPAH




/Icnonb3oBaHMe NOroTUMNoB Ha dpoTorpadonax

BaXkHO COXpaHUTb KOHTPacCT

CuHunin norotun Benbin norotun CBETNO-CUHUI FTOroTuM UepHbIn norotun

<V> MC3 COPAH <V> NC3 COPAH V4 efa MC3 COPAH 6/; MC3 COPAH




/Icrnonb3oBaHWe NoroTmnoB Ha doTorpadonax

B nckntovnTenbHbIX chny4vasdaXx BO3MOXHO
OTXOAUTb OT MNpaBuMJ1 KOHTPACTHOCTU

Hanpumep npu cosgaHum natepHa u3
NOroTUMOB.

OCHOBHOE YyCroBKMe UCMONb30BaHUSA
NoroTuna ¢ HA3KOW KOHTPACTHOCTLIO —
9TO Hanuyme fnoroTuna ¢ BbICOKOM
KOHTPaCTHOCTLIO Ha MakeTe. Jloro ¢
BbICOKOM KOHTPACTHOCTbLH JOIMKEH
3aHMMaTb OCHOBHYO NMO3NLNIO.




3anpeLLeHo:

icnonb3oBaTb 3HaK U NOroTMN B PasHbIX LLBETOBbLIX icnonb3oBaTb MHLIE LBeTa, HE NPeAYCMOTPEHHbIE
Acnonb3oBaTb LBETHbIE OOBOOKM peLleHUsaX PYKOBOLCTBOM MO CTUSIO
CO PAH CO PAH CO PAH
icnonb3oBaTb NOrotTmn 1 oH ¢ Marnou icnonb3oBaTb BbICOKOAETANTIM3NPOBAHHbLIN OOH Acnonb3oBaTtb pexmmbl HanNoXXeHNA/adpdoeKkTbl
KOHTPACTHOCTLHO C O0SbLLIMM KONMMYECTBOM LIBETOB B KAYECTBE NOANOXKMN Ha noroTtune
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[ TaMsATKa NO UCMONb30BAHUIO JIOMOTUMA Ha LIBETHbIX C*)OHaX

—
-

Ba)XkHO COXpaHUTb KOHTpACT

-

e/a NC3 CO PAH
£ RN

CoxpaHanTte ymtaemocTb! 2 ,'/ 1
{
|

[ NaBHas npobnema npu ncrnonb3oBaHun poTtorpadonin : ™
N NIorotTuna — 3TO COXpPaHEHME ero YNTaeMoCTMW.

[TocTapanTeck noabupartb Takyto oTorpaduto,

4YTOObI CUITY3T 3HAKa OblIS1 NTErKO YNTAEMbIM,

a abbpesuartypa 6e3 npobnem cunTbiBanacb. Henb3s
OonycKaTb TOro, YToObI LIBETOBLIE NATHA HA (PoHe
HapyLlann KOHTPacTHOCTb noroTuna.




PaccTogHue

PaccTosiHue oT Kpas nucta

00 NnoroTurna paBHO pasmMepy
camMoro fiorotuna B MMHMMarbHOM
pasmepe (13 MM o BbICOTE), €Cnn
He yKa3aHO MHOro




PacnonoXxeHue norortuna

[Tonurpadgomnyeckasa npoayKums
Ha npumepe — cpopmat A4




[TocTpoeHme CeToK

[Monurpadonyeckaa npoaykumd
Ha npumepe — doopmat A4




[nsBanoepsb!

[Tonurpadunyeckas npoayKuns
Ha npnmepe — gpopmat A4




l/Icnonb3oBaHUEe KOHTEHTa

[Tonurpadounyeckas npoaykumd
Ha npumepe — doopmat A4




DUPMEHHbIE ANEMEHTDI

JInHum. Cnocob nocToeHwus.
JInHn ¢ PuUKcMpoBaHHLIM MOCTOPOEHNEM.

B cooTBETCTBMM KOMMNO3ULINK PUCYETCS OBE
okpy»xHocTu (1). Nocne Toro kak 6anaHc n
HeobxoanMMBbIN 3 dEKT OT CO300BaAEMOro
naTtTepHa HanaeHbl, bepyTca BolbpaHHble ayrn (2,
3), Mexay HAMM OOCTpanBaloTCA OOMNOSTHUTENBHbIE
ayrm onsa cosgaHuna nepexoda (2, 3).




DUPMEHHbIE ANEMEHTDI

JInHum. Cnocob nocToeHwus.
JInHn ¢ PuUKcMpoBaHHLIM MOCTOPOEHNEM.

BaxxHo Aepxartb B rosioBe 10, YTO JIMHUN HE OO KHbI
HaxXOoOAUTbCA CIMTMLLUKOM MJ10THO APYr K APpYyrYy.

MuHUManbHas TonwmHa nuHnKM - 0,25pt
TonuwmMHa NMHUA BbILWUTLIBAETCA NO oopMyne

Y * X,

rae X paBeH KpaTHOCTU yBESIMYEHUS MaKeTa.
Hanpumep: MakeT NoArotToBrneHHbLI B MM A5
OanbHeuwero nepesoaa B cM (90mMm maketa = 90cm
peanbHOro pasmepa) cregosareribHO ToMLWUHaA
nHum = 0,25 * 10)

LIBeT nnHum:
DOUPMEHHBIN TEMHO-CUHWNIA #383F5B;
R: 56 - G: 63 - B: 91;
C:85-M:70-Y:40-K: 35
drpMeHHbIN 6enbii #FFFFFF;

R: 255 - G: 255 - B: 255;
C:0-M:0-Y:0-K:0




DUPMEHHbIE ANEMEHTDI

JNTnHmn. Cnocob noctoeHus 1.
OpraHun4HbIE NMUHUW.

[1na NOCTPOEeHNA pUCYHOTCA OBE KPUBbLIX,
oTBevarLme TpeboBaHUsIM BaLLlen KOMMNO3ULUMN.
Korga nogxoaswias doopma 1 pacnonoxeHue
HaugeHbl - Mexay NMHUSMU OOCTPpanBaETCs
nepexon oT 04AHOU PopMbl K APYromn.

BakHO 0bpaTtuTb BHUMaHWEe Ha crnbbl. KpanHue
NMMHUU HE OOIMKHbI UMETb PE3KMX U3rMboB, YTODLI
n3bexarb CXXUMaHUA OONONMHUTENBbHbIX JITMHUN U
obpa3soBaHNA YNNOTHEHWI.




Habop rotoBbix anemeHToB - https://disk.yandex.ru/d/McRXkNbYsSzEIg

DUPMEHHbIE ANEMEHTDI
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DUPMEHHbIE ANEMEHTDI

Kpyru

MoryT 6bITb NCNONb30BaHbLI BMECTE
C (poTorpagomamm

doTorpaumn OomKHbI NepekpbIBaTh
BonbLUyto YacTb NaTTepHa

Hegonyctumo ncnonb3oBaHue
dooTorpadoun, MHPopMaumA
Ha KOTOpbIX B NaTtTepHe obpesaeTcH




DUPMEHHbIE ANEMEHTDI

Kpyru

[lonycTnmo ncnosnb3oBaHune
LIBETOBbLIX aKLEHTOB




[loBeaoeHme y30poB

JlnHnmn

ONEeMEHTbI HU B KOEM Clliy4vae

HE OOJITKHbI NepeKkpbIBaTb KOHTEHT
N OTTECHATDL €ro - JINHNN HE
AOJTXHblI HaXOOUTbCA NMOoBEPX
KOHTEHTAa.

<



[loBeneHue y30poB

Kpyru

icnonb3oBaHue oonycTMMo TOSTbKO
B Crlydae, ecriv Kpyru saaHMmatoT
LieHTparibHOe MeCTO B KOMMNO3ULINK
N He 0bpe3atoT KOHTEHT

doTorpadomnn U KAPTUHKU OOSTHKHbI
3aHMMaTb LeHTparibHOe MecTo
B Npe3eHTaunm




3anpeLLeHo:

COBMeLLI,aTb NCMOSib30BaHME NMMHUN U KpyrosB ﬂeperblBaTb KOHTEHT Cbl/lpMeHHbIMI/I ArieMeHTaMin I'Ieperpy>|<aTb HOCUTEIb C*)I/IpMeHHbIMI/I ArieMeHTaMIn




[Tpnmep dompmMeHHOro
CTUNA HA HOCUTENNSAX

Ha Bcex HocuTenax gonyckaercd
MCMOSb30BaHUE TOSTbKO OdomLManibHOW
BEpCUKX norotmna u3 JaHHoro ranaa.
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[Tpnmep dompmMeHHOro
CTUNA HA HOCUTENNSAX

Deposition of gradient ZrNbN coatings by vacuum-arc
method with ion-plasma assistance Deposition of gradient
ZrNbN

N.A. Prokopenko, O.V. Krysina, Yu.F. lvanov, V.V. Shugurov,
E.A. Petrikova, O.S. Tolkachev, Yu.A. Denisova.

About

Toimprove the service life and properties of the cutting tool, it is sufficient to form a thin layer of hard
or superhard material on the surface of the product. At present, nitrides of transition metals, such as
TiN. MoN, ZrN, etc., are used as hard materials. As well as complex systems such as TIAIN, TICuN, etc.
The design of protective coatings can be single-layer (the same elemental composition of the whole of
coating thickness, thickness s 1-5 um), multilayer (alternating layers of different elemental composi-
tion, one layer thickness is ~1-100 nm, the total thickness of the coating is 1-5 um). as well as gradient
(varying the coating composition on the thickness)

Experiment Equipment

The synthesis of nitride coatings of the ZriNbN system and the optimization of their deposition modes
were carried out on a vacuum ion-plasma installation"Quinta”. The installation is equipped with an
electric arc evaporator "DI-100" (1) with an improved cooling system for a cathode made of
niobium(NbSh-00: 99.8 weight. % Nb) and a cathode diameter of 100 mm; "DI-80° electric arc evapora-
tor (B) with a zirconium cathode (E110: Zr- with 1 weight. % Nb) diameter of 80 mm and magnetic
filtration of the metal plasma stream from particulate matter (5)

cathode was increased by 5 A every 4 minutes, starting from 80 A and up to 200 A Thus, the nicbium
concentration on the surface was higher than at the border with the substrate

Inthe second, the discharge current of an arc evaporator with a niobium cathode was decreased by 5
Aevery 4 minutes, starting from 200 Aand up to 80 A

The characteristics of the obtained coatings are presented in Table 2. The surface of the obtained
gradient (Id = 80 + 200 A) coatingis shownin Figure 2.a. Figure 2.b shows the cross-sectional chipped
of the resulting coating,

1-electric arc evaporator "DI-100" with Nb cathode, 2- anode (vacuumchamber),  3-samples, 4-rig, 5- magnet frame, 6- heated cathodes, 7- hollow cathode, 8- electric arc evaporator "DI-80" with Zr cathode, PUoH-

heating cathode power supply "PINK-P-04M", PUT- "PINK-P-04M" discharge power supply, Bias- the bias supply power unit, APS-arc power supply unit, PU2- "DI-100" discharge power supf

magnetic filter and discharge "DI-80", PFBias- plasm filter bias power supply.

As well as a source of gas plasma based on a non-self-sustaining arc discharge with the combined
heated (6) and hollow cathode (7) of the "PINK-P-04M" extended design, with the help of which argon
plasma was generated and the surface was cleaned, heated, and the surface of the samples was
activatedimmediately before sputtering

The surface morphelogy, the structure of cross-sectional chipped, and the elemental composition of
the coatings were studied using a Philips SEM-515 scanning electron microscope with an EDAX ECON
IV microanalyzer. Micro and nanchardness were measured with a PMT-3 hardness tester (Pn = 500
mN) and a Shimadzu DUH-211 ultra-microtester (Pn = 30 mN), respectively. Using the results of their
measurement by nanoindentation, the Young's modulus and the degree of elastic recovery were
calculated.which is equipped with a contact profilometer.

Obtaining gradient coatings ZrNbN

Based on the results obtained on single-layer coatings, experiments were carried out to obtain
coatings with asmaothly varying concentration of niobium. Coating was carried out in a gas mixture Ar
/N2 = 50/50, and at a pressure of P = 0.2 Pa. The discharge current of an arc evaporator with a zirconi-
um cathode remained unchanged throughout the process and amounted to Id2 = 200A. And the
current of an arc evaporator with a niobium cathode varied within Id1 = 80 + 200 A. Two experiments
were carried out. Inthe first, the discharge current of an arc evaporator with a nicbium

PU3- power supply of

Fig.2 SEM images of a ZrNbN gradient coating with the smallest niobium concentration
onthe surface.

a-surface of the obtained coating, b-cross-sectional chipped

Conclusion

According to the results of the work, single-layer coatings of ZrNDN with high strength characteristics
were obtained. The obtained single-layer nanocrystalline wear-resistant coatings of the ZrNbN
system are characterized by high hardness (up to 39.4 GPa), low roughness (Ra = 0.03 um), relatively
low friction coefficient (0.43), and low wear parameter (up to 9.44 « 10-6mm3 /N » m). It wasrevealed
that ZrNbN coating with a niobium concentration of 9.8 at.% has the best properties.

Also, by changing the arc discharge current of an arc evaporator with a niobium cathode, ZrNbN
coatings with a varying Nb concentration from the substrate to the coating surface were obtained.
The resulting gradient coating with a reduced niobium concentration has a low coefficient of friction
(0.26) and a low rate of wear (1.47 « 10-6 mm3 /N « m}

The work was supported by the 660338
Russian Science Foundation Institute of high-current electronics SB

: g RAS, 2/3 Akademichesky ave, Tomsk,
(project No.18-79-10111) fiimtin

IHCE SB RAS

Deposition of gradient ZrNbN coatings
by vacuum-arc method with ion-
plasma assistance

N.A. Prokopenko, O.V. Krysina, Yu.F. lvanov, V.V. Shugurov,
E.A. Petrikova, O.S. Tolkachev, Yu.A. Denisova.

About

To improve the service life and properties of the cutting tool, it is sufficient to form a thin layer of hard
or superhard material on the surface of the product. At present, nitrides of transition metals, such as
TiN, MoN, ZrN, etc., are used as hard materials. As well as complex systems such as TIAIN, TICuN, etc.
The design of protective coatings can be single-layer (the same elemental composition of the whole of
coating thickness, thickness is 1-5 um), multilayer (alternating layers of different elemental composi-
tion, one layer thickness is ~1-100 nm, the total thickness of the coating s 1-5 um), as well as gradient
(varying the coating composition on the thickness).

Experiment Equipment

The synthesis of nitride coatings of the ZrNbN systemand the optimization of their deposition modes
were carried out on a vacuumion-plasma installation™Quinta”.

Fig.1 Scheme of the experimental vacuuminstallation "Quinta”

1-electric arc evaporator "DI-100" with Nb cathode, 2- anode (vacuumchamber), 3-samples, &4-rig. 5
magnet frame, 6- heated cathodes, 7- hollow cathode, 8- electric arc e ator "DI-80" with Zr
cathode, PUoH- heating cathode power supply "PINK-P-04M", PUT- "PINK; 4M" discharge power
supply, Bias- the bias supply power unit, APS-arc power supply unit, PU2- "DI-100" discharge power
supply, PU3- power supply of magnetic filter and discharge "DI-80", PFBias- plasma filter bias power
supply.

The installation is equipped with an electric arc evaporator "DI-100" (1) with an improved cooling
system for a cathode made of niobium(NbSh-00: 99.8 weight. % Nb) and a cathode diameter of 100
mm:; "DI-80" electric arc evaporator (B) with a zirconiumcathode (E110: Zr- with 1 weight. % Nb) diame-
ter of 80 mm and magnetic filtration of the metal plasma stream from particulate matter (5). As well as
asource of gas plasma based on a non-self-sustaining arc discharge with the combined heated (6)
and hollow cathode (7) of the "PINK-P-04M" extended design, with the help of which argon plasma was
generated and the surface was cleaned, heated, and the surface of the samples was activated
immediately before sputtering

The surface marphology, the structure of cross-sectional chipped, and the elemental composition of
the coatings were studied using a Philips SEM-515 scanning electron microscope with an EDAX ECON
IV microanalyzer. Micro and nanohardness were measured with a PMT-3 hardness tester (Pn = 500
mN) and a Shimadzu DUH-211 ultra-microtester (Pn = 30 mN), respectively. Using the results of their
measurement by nanoindentation, the Young's modulus and the degree of elastic recovery were
calculated.whichis equipped with a contact profilometer.

Obtaining gradient coatings ZriNbN

Based on the results obtained on single-layer coatings, experiments were carried out to obtain
coatings witha smoothly varying concentration of niobium. Coating was carried out in a gas mixture Ar
N2 = 50/50, and at a pressure of P = 0.2 Pa. The discharge current of an arc evaporator with a zirconi-
um cathode remained unchanged throughout the process and amounted to Id2 = 200A. And the
current of an arc evaporator with a niobium cathode varied within Id1 = 80 - 200 A.

Two experiments were carried out. In the first, the discharge current of an arc evaporator with a
niobium cathode was increased by 5 A every 4 minutes, starting from 80 A and up to 200 A. Thus, the
niobium concentration on the surface was higher than at the border with the substrate.

Inthe second. the discharge current of an arc evaporator with a niobium cathode was decreased by 5
Aevery 4 minutes, starting from 200 Aandup to 80 A

The characteristics of the obtained coatings are presented in Table 2. The surface of the obtained
gradient (Id1 = 80 + 200 A} coating is shown in Figure 2.a. Figure 2.b shows the cross-sectional chipped
of the resulting coating.

Coating Id1, A g\;g.m. E,GPa w Hav :Irm:g‘NS -
ZrNbN 100 394 4343 0.41 042 9.44
ZrNbN 80+200 384 4045 0.4 042 491
ZrNbN 200+80 39 4721 037 026 147

Table 2. Characteristics of the obtained ZrNbN gradient coatings

Id1- arcdischarge current “DI-100" with a niobium cathode; HV - the hardness; E - Young's modulus; W
- the degree of elastic recovery; uav - the average value of the coefficient of friction; V - the wear
parameter

Fig.2 SEMimages of a ZrNbN gradient coating with the smallest niobium concentration
onthe surface.

a-surface of the obtained coating, b-cross-sectional chipped

Conclusion

According tothe results of the work, single-layer coatings of ZrNbN with high strength characteristics
were obtained. The obtained single-layer nanocrystalline wear-resistant coatings of the ZrNbN
systemare characterized by high hardness (upto 39.4 GPa). low roughness (Ra = 0.03 um). relatively
low friction coefficient (0.43), and low wear parameter (upto9.44 « 10-6mm3 /N « m). It was revealed
that ZrNbN coating with a niobium concentration of 9.8 at.% has the best properties.

Also, by changing the arc discharge current of an arc evaporator with a niobium cathode, ZrNoN
coatings witha varying Nb concentration from the substrate to the coating surface were obtained. The
resulting gradient coating with a reduced niobium concentration has a low coefficient of friction (0.26)
and alowrate of wear (147 « 10-6mm3 /N - m).

The work was supportedby the
Russian Science Foundation
(project No. 18-79-10111)

IHCE SBRAS



[Mpnmep dorpmMeHHOro
CTUINS Ha HOCUTENSIX

[TosacHeHue K npeccsBony

dann, NoaroToBIEHHbIN K NeYaTtn, COOTBETCTBYET
nponopunn 3:4 1 MOXET ObITb NPONOPLUUOHANBLHO
yBeENnu4eH o nodoro xenaemoro pasmepa.

LIBeT, ncnonb3oBaHHLIW A1 3arnyLweHHbIX JI0roTUMNOB,
cootBeTcTByeT 50% npo3pavyHOCTN OCHOBHOro 6enoro
norotuna unu kogy C=45 M=35 Y=20 K=5

6,9 NC3 CO PAH
6’9 NC3 COPAH <1A> MC3 COPAH
ela MC3 CO PAH cla MC3 COPAH

@ MC3 COPAH
6/9 NC3 CO PAH
@ MC3 COPAH

6'9 MC3COPAH

cva NC3 COPAH

clla MC3 CO PAH

&

Gﬁ> MC3 COPAH
Gla NC3 CO PAH




CTeHA - rana

PaccTtosHue oT KpaeB neBoro nons -
MUHUMYM 10 MM. YuuTbiBauTe,

4YTO pa3Mep yKkasaH OJ19 yMeHbLLUEeHHOU
BEPCUN CTeHOa - OH MOXET
NPOonopLUUOHanbHO N3MEHATLCA.
LIBETHbIE NMNHUM NOOUYMHAIOTCS

TEM XXe npaBunam, 4To U Ha BUIUTKE.

PaccTtosiHus mexxay anemeHTaMmm cteHaa
MOOYNHAIOTCH PACCTOSAHUAM Mexay
TEKCTOM U MNOSIEM.

H1
semibold, 19 pt

H2
bold, 11 pt

Text
regular, 9 pt

Deposition of gradient ZrNbN coatings by vacuum-arc
method with icn-plasma assistance Deposition of gradient

N.A. Prokopenko, O.V. Kiysina, Yu.F. Ivanov, V.V. Shugurov,
E.A. Petrikova, O.3. Tolkiachev, Yu.A. Denisova.

About

To improve the service life and properties of the cutting tool, itis sufficient to form a thin layer of hard
or superhard material on the surface of the product. At present, nitrides of transition metals, such as
TiN, MoN, ZrN, etc., are used as hard materials. As well as complex systems such as TIAIN, TICUN, etc.
The design of protective coatings can be single-layer (the same elemental composition of the whole of
coating thickness, thickness is 1-5 um), multilayer (alternating layers of different elemental composi-

cathode was increased by 5 A every 4 minutes, starting from 80 A and up to 200 A. Thus, the niobium
concentration on the surface was higher than at the border with the substrate.

Inthe second, the discharge current of an arc evaporator with a niobium cathode was decreased by 5
Aevery 4 minutes, starting from 200 Aand upto B0 A

H3
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(varying the coating composition on the thickness).

Experiment Equipment

The synthesis of nitride coatings of the ZrNbN system and the optimization of their deposition modes
were carried out on a vacuum ion-plasma installation"Quinta”. The installation is equipped with an
electric arc evaporator "DI-F100™ (1) with an improved cooling system for a cathode made of
niobium(NbSh-00: 99.8 weight. % Nb) and a cathode diameter of 100 mm; "DI-80" electric arc evapora-
tor (8) with a zirconium cathode (E110: Zr- with 1 weight. % Nb) diameter of 80 mm and magnetic
filtration of the metal plasma stream from particulate matter (5)
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The characteristics of the obtained coatings are presented in Table 2. The surface of the obtained
gradient (Id1 = 80+ 200 A) coatingis shownin Figure 2 a Figure 2 b shows the cross-sectional chipped
of the resulting coating.

1-electricarc evaporator "DI-100" with Nb cathode, 2- anode (vacuumchamber), 3-samples, 4-rig. 5-1
heating cathode power supply "PINK-P-04M", PU1- "PINK-P-04M" discharge power supply, Bias- the bi
magnetic filter and discharge "DI-80", PFBias- plasma filter bias power supply.

As well as a source of gas plasma based on a non-self-sustaining arc discharge with the combined
heated (6) and hollow cathode (7) of the "PINK-P-04M" extended design, with the help of which argon
plasma was generated and the surface was cleaned, heated, and the surface of the samples was
activated immediately before sputtering.

The surface morphology. the structure of cross-sectional chipped, and the elemental composition of
the coatings were studied using a Philips SEM-515 scanning electron microscope with an EDAX ECON
IV microanalyzer. Micro and nanchardness were measured with a PMT-3 hardness tester (Pn = 500
mN) and a Shimadzu DUH-211 ultra-microtester (Pn = 30 mN), respectively. Using the resuits of their
measurement by nancindentation, the Young's modulus and the degree of elastic recovery were
calculated.which is equipped with a contact profilometer.

Obtaining gradient coatings ZrNbN

on the results obtained on single-layer coatings, experiments were carried out to obtain
with asmoothly varying concentration of niobium. Coating was carried out in a gas mixture Ar

current of an arc ‘ator with a niobium cathode varied within Id1 = 80 + 200 A. Two experiments
, the discharge current of an arc evaporator with a niobium

for

frame, 6- heated cathodes, 7- hollow cathode, 8- electric arc evaporator "DI-80" with Zr cathode, PUoH-
ly power unit. APS-arc power supply unit, PU2- "Di-100" discharge power supply, PU3- power supply of

Fig.2 SEMimagesof a ZrNbN gradient coating with the smallest niobium concentration
onthesurface.

a-surface of the obtained coating, b-cross-sectional chipped

Conclusion

According tothe results of the work, single-layer coatings of ZrNbN with high strength characteristics
were obtained. The obtained single-layer nanocrystalline wear-resistant coatings of the ZrNbN
system are characterized by high hardness (up to 39.4 GPa), low roughness (Ra = 0.03 um), relatively
low friction coefficient (0.43), and low wear parameter (up to 9.44 « 10-6 mm3/N « m). it was revealed
that ZrNbN coating with a niobium concentration of 9.8 at. % has the best properties.

Also, by changing the arc discharge current of an arc evaporator with a niobium cathode, ZrNbN
coatings with a varying Nb concentration from the substrate to the coating surface were obtained
The resulting gradient coating with a reduced niobium concentration has a low coefficient of friction
(0.26) and alowrate of wear (1.47 « 10-6 mm3 /N « m).
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