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OOBEKTOM UCCIEOBAHMS SIBISIOTCS TOKPBITHS HA OCHOBE TBEPJBIX
pactBopoB ZrN u TiN.

[lenp pa®oTBl — HM3y4YEHUE CTOMKOCTH CTPYKTYphl, ()a30BOTO cOCTaBa U
MEXaHUYECKUX CBOMCTB MOKPHITUN Ha OcHOBE TBepabiX pacTBopoB ZrN u TiN k
BBICOKOTEMITEPATYPHOMY OKHCIIEHHIO Ha BO3ayxe npu Ttemmeparype 600°C u
BpeMeHHU oTxura 1-3 yacos.

Meronbl  HccneAOBaHUS: PEHTICHOCTPYKTYPHBIM — aHajau3, pacTpoBas
AJIEKTPOHHAsT MHUKPOCKOMNMS, IHEPrOJAMCIEPCHOHHBI MHUKpOAHAIW3, WU3MEpPEHHE
MacChl, OIIPENEIICHUE MUKPOTBEPIOCTH.

VYCTaHOBIEHO, YTO B  YCIOBUAX  BBICOKOTEMIIEPATYPHOI'O  OTXKHUIA
IPOUCXOAMIO OKHUCICHHUE HUTPHUIHBIX TOKPBITHM ¢ OOpa3oBaHMEM OKCHIOB
METaJUIOB, 4YTO  CBSI3bIBA€TCA C  IEPEXOJOM  HHUTPUIOB  METANIOB B
TEPMOJMHAMUYECKA PABHOBECHOE COCTOSHHME B YCIOBHSIX KHCIOPOACOAEPIKALIEH
atMocdepe. ZrN TmepexoauT NpeuMyliecTBeHHO B ZrO, ¢ MOHOKIWHHON
OPUMHUTUBHON Kpuctamnuueckor pemerkoir, TiN mepexomur B TiO, ¢
TETParoHaJbHOW  MPUMUTUBHOM  pemeTkoil. OObeMHas  J[0ds  OKCHIOB
YBEIIMYMBAETCS B AHAIM3UPYEMOM CJI0€ C POCTOM BPEMEHM OTKHUTA.

B Nb-conepskammx mOKpHITHSIX YCTAaHOBIEHBI [BA MEXaHHU3Ma pa3pylICHUs
NOKPBITUM TpH  ODKWUre: O00pa3oBaHHE TpPEUMH B 00bEeME TOKPBITHS U
dbopMupoBaHUE 09aroB KOPPO3UH B 00J1aCTH KanelbHO! (a3bl. Y mokpeiTii ZrN u
Zr-Hf-N OCHOBHBIM MEXaHH3MOM pa3pylIeHUsl SBISETCS (GOPMUPOBAHUE OUATOB
KOppO3UH B 00JIaCTH KareabHOU (ha3bl.

VYcraHoBiIeHa KOppensiuus MEXKIy IOBEICHHEM MHUKPOTBEPIOCTH C
YBEIMYEHUEM BpPEMEHM OTXKUIa M KOPPO3HOHHOM CTOWMKOCTBIO TOKPBITHH.
MuxkpoTBepocTh Haubosiee KOPPO3UOHHOCTOMKUX MOKpbITHH ZrN u Zr-Hf-N,
YBEJIIMYUBACTCS C yBeNW4YeHHEeM BpemeHu omxkura. llokpertue Zr-Hf-N
JEMOHCTPUPYET KaK MEIJIEHHYI0 KHHETHKY OKHUCJIECHHS NpPH OTXKHUIE, TaK H
HanOoJIbIlIee 3HAYCHIE MUKPOTBEPIOCTH.

[TomyueHnHbie pe3yabTaTbl MOTYT OBITh HMCHOJB30BaHBl AJsl pa3pabOTKu
COCTaBOB JKAPOCTOMKMX M JKapONPOYHBIX TIOKPBITUM HA OCHOBE TBEPJIBIX
pPacTBOPOB HUTPHUAA LIMPKOHHUS.
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AO'ekTami pgacnemaBaHHs 3'SYJSIONIA TMAKPBIIII HAa acHOBE IBEPIBIX
pactBopay ZrN 1 TiN.

MbTa mpanbl — BBIByYSHHE TIPMIUHANM TPHIBAJIACII CTPYKTYpHI, (ha3aBara
cacTaBy 1 MEXaHIYHBIX yJacIliBacleill MakphILIAy Ha acHOBE LBEPIBIX pacTBOpay
ZtN 1 TiN, a Takcama [maciefaBaHHE TpPHIBAJACII  MAKPBHIIIAY 11
BBICOKaTAMIIEpaTypHara akiCJIeHHsI Ha MmaBeTpbl mpbl TaMIepaTypsl 600°C 1 gacy
abmanpBaHHs 1-3 rag3iHbL.

Metanbl  nacienaBaHHA: — PIHTTEHACTPYKTYpHBI — aHami3,  pacTpaBas
AJIEKTPOHHASI MIKpacKarisi, SHEPreThIYHbI JBICTIEPCIHBI MIKpaaHaii3, BIMSIPIHHE
Machl, BRI3HAYIHHE MIKPaIBEPAACIIL.

VYcraHoyneHa, MTO Ba YMOBax BbICOKaTAMIEpaTypHara aaOrajbBaHHS
anObIBayacsl aKkiCIIGHHE HITPBIIHBIX MAKPBILIIAY 3 YTBApIHHEM akcijay meTanay,
IITO 3BSI3BaHa 3 MepaxojaM HITpblIay MeTanay y TIpMablHaMidHa payHaBaXKHbBI
CTaH Ba YMOBax KiciapojazaMsamryanbHaii atMmachepsl. ZrN mepaxoi3ilb
nepaBakHa ¥ ZrO: 3 MaHaKIIHHANW MPBIMITBIYHAN KpbIITamiyHai pamortkaii, TiN
nepaxo3inb y TiO: 3 TAaTparaHajqpHail MPBIMITEIVHAN pamoTkail. AG'éMHas nois
aKciziay maBsIidBaeIia y aHajaizyeMbIM CJI01 3 pOCTaM Yacy aOmaibBaHHS.

VY Nb-3MsI4anbHbIX MAKPBILIISIX YCTAHOYICHBI ABa MEXaH13Mbl pa30yp3HHA
NakpbILLAY Mpbl almnajabBaHHI: yTBapdHHE pacKoMiH y ab'éMe makphIs 1
dapmipaBanHe adyaroy kapo3sii ¥ BoOmacii kporenbHaid ¢aspl. Y makpeimsax ZrN i
Zr-Hf-N acHOyHBIM MeXxaHi3MaM pa3OypaHHS 3'synsenia (apMipaBaHHE adaroy
Kapo3il ¥ BoOsacii KporneabHail assl.

VYcraHoyneHa  Kapasslbld MaMDK — MMaBOA3iHaMl  MikpauBépaacii 3
MaBeNiY’HHEM dYacy almajabBaHHS 1 Kapo3idHall TPBIBANACI MAKPBIIIY.
Mikpansépaacup HaibonbpIn KaposiHacToiikix mnakpeiuusay ZrN 1 Zr-Hf-N
naBsyIiuBaellla 3 MaBediudsHHEM dacy abmanmbBaHHA. [lakpeiué Zr-Hf-N
JIPMAHCTPye SK TMABOJIbHYIO KIHETBIKY akiCIeHHS TMpbl aOmaibBaHHI, TaK 1
HaWOoJIbIIIae 3HAYPIHHE MIKpaIBEPIACII.

ATpBIMaHBIS BBIHIKI MOTYIIb OBIIh BEIKAPBICTAHBI JUTS pACTIpaIioyKi cacTaBay
rapa4yayCToiIiBbIX 1 rapadyaTpbIBajbIX MaKPHILISY Ha aCHOBE LBEPABIX pacTBOpay
HITPBIAY IIBIPKOHIIO.
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The object of the study is coatings based on solid solutions of ZrN and TiN.

The aim of the work is to study the thermal resistance of the structure, phase
composition and mechanical properties of coatings based on solid solutions of ZrN
and TiN, as well as to study the resistance of coatings to high-temperature
oxidation in air at a temperature of 600 °C and an annealing time of 1-3 hours.

Research methods: X-ray diffraction analysis, scanning electron microscopy,
energy dispersive microanalysis, mass measurement, determination of
microhardness.

It was found that under conditions of high-temperature annealing, nitride
coatings were oxidized with the formation of metal oxides, which is associated
with the transition of metal nitrides to a thermodynamically equilibrium state under
conditions of an oxygen-containing atmosphere. ZrN passes mainly into ZrO, with
a monoclinic primitive crystal lattice, TiN passes into TiO, with a tetragonal
primitive lattice. The volume fraction of oxides increases in the analyzed layer
with increasing annealing time.

In Nb-containing coatings, two mechanisms for destruction of coatings
during annealing are installed: the formation of cracks in the volume of the coating
and the formation of corrosion foci in the area of the droplet phase. In ZrN and
Zr-Hf-N coatings, the main mechanism of destruction is the formation of corrosion
foci in the region of the droplet phase.

A correlation has been established between the behavior of microhardness
with an increase in annealing time and the corrosion resistance of coatings. The
microhardness of the most corrosion-resistant coatings ZrN and Zr-Hf-N increases
with increasing annealing time. The Zr-Hf-N coating exhibits both slow oxidation
kinetics during annealing and the highest microhardness value.

The obtained results can be used to develop compositions of heat-resistant
and heat-resistant coatings based on solid solutions of zirconium nitride.



