I'A3TYPBMHAIJIBIK KAJTAKIHAJTAPFA APHAJIFAH I'PAAMEHTTI JKbIJIY KOPFAT'BIIL
XABBIHJIAP/IbI JETOHALIMAJIBIK BYPKY TOCUIIH O3IPJIEY

7Koo6a KP BF'M rpaHTThIK Kap:KbLIaHABIPYbI asicChbIH/IA Ky3ere acsipbliyaa, AP13068364 rpanTsl.
2022-2024 xplagapra apHaJFaH KapKblIaHABLIPY KesieMi — 74,056 MJIH TeHre.

BackiM OaFbIT: KBUTY KOHE DJIEKTP SHEPreTUKACHl, SHEPreTHKA CalaChIHBIH KOpIIaFaH OpTara acepi,
SHEPIus YHEMIEY.

3eprreyain e3exriniri: XKoba >xorapel TemIiepaTypajbl Ta3 aFbIHBIHBIH 9CEPiHEH KBUTYJIBIK KYKTEMEre
YIOBIPAaUTHIH OeNIIeKTep MEH TOopamnTapAbl THIMAI KOpFayIsl KaMTaMachl3 €TETIH TYTac KYPBUIBIMJIBI
TPaAMEHTTI KBbUIy KOPFarbllll >KaOBIHAApABl JKaFy TOCUIiH o3ipmeyre OarbittanraH. JKorapbl
TeMIeparypajibl ChIHAKTap HEMece Ta3TypOMHANBIK KalaKliajdapAbl MaiijanaHy OapbIChIHAA TOTBIFY
OpTacBHIHAAFBI OTTEK «KEepPaMHKa — acTapiblK KabaT» IexapachiHa neiiH enefi. OTTeKTiH KepaMHUKaIbIK
Ka0aT apKbUIBI 6Tyl METAIUIABIK BICTHIKKA TO3IMIII aCTapIIBIK KaOaTTHIH TOTHIFYbIHA oKemeni. «Kepamuka —
acTapiblK KabaT» MIeKapachlHIa OKCHUATEPIIH TY3UTyi MEH ecyl KOChIMIIAa KEpHEyJep TYFbI3bII,
KEpaMUKaNbIK Ka0aTThIH aAre3WsChIH TOMEHICTEAl JKOHE HOTWXKECIHAE OHBIH KaOBbIpIIAKTAHBII TYCYiHE
aJIbII KeJemi.
Byn moceneni memryaiH THIMII KOJAAPBIHBIH Oipi — Kypambl METaJUI acTapiblK Ka0aTTaH ChIPTKBI
KepaMUKaNbIK KabaTka OIpTiHAEN aybICaThlH TPAJAUCHTTI KaOBIHAAPIBI KaJbIITACTBHIPY. XHUMUSIIBIK
KYpaMBbIHBIH OlpKajbIIThl IpafueHTi Oap >kaObIHIAp TEPMOLMKIIIK XXYKTeMelep Ke3iHzae KaObIHHBIH
TeMIIepaTypallblK CHIFBUTYBI MEH KEHEIO1H THIMII TypAe 09ceHIeTyre MyYMKIHAIK Oepei.

Makcatbl: XUMUSIIBIK KYpaMbl MEH JKBUTYJIBIK KeHEeto K03(h(uiueHTi OipTiHAen e3repeTiH IpaJueHTTi
JKBLTY KOPFaFrblIIll )KaObIH AP bl JCTOHAIIMSIIBIK OYPKY 9JIiICIMEH JKary TOCUIIH a3ipiey.

Zr02-Y203 xaObIHIapPbIHBIH MUKPOCTPYKTYpachl [ a3TypOUHAIIBIK KO3FAITKBIIITAPBIH KaTaKIIaaaphl

KyrisieTin HoTHIKeJIep: JleTOHAIMSUIBIK CTBOJIIBIH JKAPBUIFBIII a3 KOCHAachiMeH (alleTWJICH, MPOIIaH,
OTTEK) TOJTHIPBUTY KOJIEMIiH, ra3 KOCHACBhIHBIH apaKaThIHACHIH JKOHE aThICTap apachlHIAFbl Kifipic
VaKbITBIH ©3repTy apKbUIBI TPAJUCHTTI JKAOBIHIAAPABI AIyIbIH OHTAWIBI PEKHMI aHBIKTAIAJBI.
NiCrAlY/ZrO2-Y203 rpaaneHTTi XaOBIHAAPHIHBIH (HU3UKA-MEXaHHUKAIBIK KacHeTTepi (KaTTBIIBIFDI,
CEePMIMIUTIK MOYJ, KOPPO3WsiFa TO3IMIUI, BICTBIKKA TO3IMILIIN KOHE JpO3UsFa TO3IMJILIII)
3eprrenei. ['a3rypOuHanblk KO3FaaTKeIITapAbIH Kanakmanapsr yirid NiCrAlY/ZrO2—-Y203 rpaguentri
JKBUTY KOPFAFbIII YKaOBIHAAP/IBI ACTOHAIMSIBIK OYPKY TOCIUTIH KOJIZIaHy OOWBIHIINA FHUIBIMU HETIi3/eNTeH
YCBIHBICTAp 3IpJICHEI.

Konnany cananappl: DHepreTHKAIbIK MaIlIUHA jKacay.



PA3PABOTKA CIIOCOBA JETOHALIMOHHOI'O HAIIBIJIEHUA I'PAAMEHTHBIX
TEIUIO3ALLIUTHBIXITIOKPBITUI JIJIS JIOITATOK T'A30TYPEUHHBIX

Ilpu moanep:kke rpanToBoro ¢uuancupoBanus MOH PK, rpant AP13068364 O0nem
unancupoBanms Ha 2022-2024 rr.— 74,056 MJIH. TeHre

IIpuoputeTHOEe HampaBjeHHe: Teruo- U IEKTPOIHEPreTHKA U BIMSHHE SHEPreTHUECKOT0CeKTOpa Ha
OKPY’KaIOIIyI0 CPeLy, JHEprocOepeKeHue.

AKTyaJIbHOCTBH HcciaeaoBaHuii: [IpoexT HanpasieH Ha pa3paboTKy croco0a HAHECEHMS TPAIMEHTHBIX
TEIIO3AIUTHRIX MOKPBITHH, MUMEIOMNX LEJIOCTHYIO CTPYKTYpy M oOecrnednBaromux 3P eKTUBHY IO
3alIUTy TENJOHANPSKEHHBIX AeTajleil M y3J0B OT BO3JAEHCTBHSA BBICOKOTEMIEPATYPHOIO
ra3oBoro TOTOKa. B mporecce BBICOKOTEMIEPATYPHBIX HCHBITAHUN WM SKCIUTyaTallud JIOMATOK
KHCJIOPOJl M3 OKUCIUTEIBHOW CpeAbl MPOHHKAET K IpaHHIe «KepaMmuka — mojacioi». [IpoHukHOBeHUE
KHCJIOPOJa Yepe3 KepaMUIeCKUi CIIOH MPUBOJAUT K OKHCICHUIO METAITIMYECKOT0 )KaPOCTOHKOIO ITOJICIIOS.
O0pa3zoBaHue 1 pOCT OKCHJIOB HA IPaHHMILIE «KePaMUKa —TI0ACTION» CO3aeT IOTOTHUTENbHBIC HAITPSIKEHNUS,
YMEHBIIAET aJre310 KEPAMUUECKOT0 €105l 1 BKOHEUHOM HTOTE MPUBOJIUT K €0 CKajablBaHUIO. OIHUM U3
ImyTell peleHus 3TOHM 3ajaud SIBASETCS CO3AaHUE TI'PAAMEHTHBIX MOKPHITHH, B KOTOPBIX HPOHCXOAUT
MOCTETIEHHOE M3MEHEHHE MX COCTaBa — OT METAUIMYECKOTO MOJCIOS K BHEITHEMY KEPaMHUYECKOMY
cinoro. IIoKpBITHS C IUIAaBHBIM TI'PaAMEHTOM XMMHYECKOTO COCTaBa IIO3BOJISIOT JIydlle IeMI(QHUPOBATH
TeMIIepaTypHBIE CKATUS U PACLIMPEHUS MOKPHITHS IPU TEPMOLMKINYECKIX HAarpy3Kax.

Heab: PaspaboTka cmocoba HaHECEHWS TPAIWEHTHBIX TEIUTO3AIMUTHBIX TMOKPBITHA METOAOM
JICTOHAITMOHHOTO HANbUICHUS, UMEIONIUX IUIABHOC M3MEHEHHE XMMHUYECKOTO COCTaBa U KO3 QUIlMeHTa
TETJIOBOTO PACITUPEHHUS.

Mukpoctpyktypa nokpsituii Zr02-Y203 Jlonarku ra30TypOMHHBIX JBUraTeIeH

OxumaemMple pe3yabTaThl: OyIeT OMNpPEISCH ONTHUMAJIBHBIA PEXUM MOMYYSHHs TPaJUeHTHBIX
MOKPBITHI CIOCOOOM BapbHpOBaHUs 00beMa 3aIOHEHHS JETOHAIMOHHOTO CTBOJIA B3PBIBYATON CMECHIO
(ametmieH, mpomaH, KUCIOPO), COOTHOIIEHHS Ta30BOM CMECH W BPEMEHHM 3a/I€P’KKH MEXKIY BRICTPETaMH.
Bynyt uccienoBansl (GU3NKO-MEXaHHYECKHE CBOWCTBA (TBEPIOCTH, MOJYNb YIPYTOCTH, KOPPO3HOHHAS
CTOMKOCTD, JKapPOCTOMKOCTh M PO3MOHHAsE CTOWKOCTH) rpagueHTHbIX HOKpbiThii NiCrAlY/ZrO2-Y203.
Byner paszpaboraHa Hay4HO-0OOCHOBaHHas PEKOMEHAAIMS IO IPUMEHEHHIO Croco0a IEeTOHAMOHHOIO
HaNBUIEHWsT  TPAJMEHTHHIX  Termo3amuTHeX  mokpeituii  NICrAIY/ZrO2-Y203  mist momatok
ra30TypOUHHBIX JBUTATENIEH.

OTpacyi npuMeHeHns pa3padoToK: DHEPreTHIECKOE MALTMHOCTPOECHHE.



DEVELOPMENT OF A DETONATION SPRAYING METHOD FOR GRADIENT
THERMAL BARRIER COATINGS FOR GAS TURBINE BLADES

The project is carried out with the support of grant funding from the Ministry of
Education and Science of the Republic of Kazakhstan, Grant AP13068364.
Total funding for 2022-2024 amounts to 74.056 million KZT.

Priority area: thermal and electric power engineering, environmental impact of the energy
sector, and energy saving.

Relevance of the research: The project is aimed at developing a method for applying gradient
thermal barrier coatings with an integral structure that provide effective protection of thermally
loaded components and assemblies from high-temperature gas flow exposure. During high-
temperature testing or operation of turbine blades, oxygen from the oxidizing environment
penetrates to the “ceramic—bond coat” interface. Oxygen penetration through the ceramic layer
leads to oxidation of the metallic heat-resistant bond coat. The formation and growth of oxides at
the “ceramic—bond coat” interface generate additional stresses, reduce adhesion of the ceramic
layer, and ultimately cause its spallation.
One effective approach to solving this problem is the development of gradient coatings with a
gradual transition in composition from the metallic bond coat to the outer ceramic layer.
Coatings with a smooth chemical composition gradient are capable of better damping thermal
contraction and expansion during thermocyclic loading.

Objective: To develop a detonation spraying method for applying gradient thermal barrier
coatings with a smooth variation in chemical composition and coefficient of thermal expansion.
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Microstructure of ZrO2-Y203 coatirigis Gas turbine engine blades

Expected results: An optimal regime for producing gradient coatings will be determined by
varying the filling volume of the detonation barrel with an explosive gas mixture (acetylene,
propane, oxygen), the gas mixture ratio, and the delay time between shots. The physical and
mechanical properties (hardness, elastic modulus, corrosion resistance, heat resistance, and
erosion resistance) of NiCrAlY/ZrO2-Y203 gradient coatings will be investigated. Scientifically
substantiated recommendations for the application of detonation spraying of NiCrAlY/ZrO2-
Y203 gradient thermal barrier coatings for gas turbine blades will be developed.

Fields of application: Power engineering machinery.



