KbIJTY SHEPT'ETUKAJIBIK XXABABIKTAPBIH XXOFAPBI TEMIIEPATYPAJIbI DJIEMEHTTEPIH
KOPPO3UAAAH KOPFAY YIHIIH NI-CR-AL HEI'IBIHAET'T ®YHKIWOHAJABI-I'PAJIUEHTTI
KABBIHJIAP/IbI XKACAY

Kob6a KP BE'M rpantThiK Kap>KbUIaHABIPYHI asichiHia opbiHaanibl, AP08957765 rpanTsl.
2020-2021 >xputnapra apHaIFaH Kap >KbUIAHIBIPY KOJEeMi — 5 MIIH TEHTe.

Bbacbim 0arbIT: OHCPI'CTHUKA KOHC MalllMHa Kacay.

3eprreynin  e3exkTiiiri: JKoOGaHbIH WAEsACHl JKOFapbl TO3yFa TO3IMII JKOHE IKOFaphI
TeMIieparypaisl KopposusFa mbiaMasl  Ni—Cr—Al HeriziHzmeri (QyHKIMOHAIIBI-TPATACHTTI
XKaObIHAAPABI JETOHAUSIIBIK OYPKY apKbLIbl ally TOCUIIH d3ipieyre HeriznenreH. by sxaObiHaap
KBUTY DHEPTreTUKAIIBIK >KaOIBIKTApAbIH >KOFapbl TeMIIepaTypasibl dJEMEHTTEpiHAe KOJIAaHyFa
apHasirad. KazanaeikrapabiH Oyillp KaObIpraslapbIHBIH (KbI3IBIPY O€TTEPIHIH) KOPPO3USICH Kazda
OTBIHMEH JKYMBIC ICTEUTIH KOMIP AJIEKTP CTAHIUSIAPBIHIAFBI Ka3aHIBIKTAPABIH MOKOYPIIl TYpe
TOKTayblHa OKEJIETIH Heri3ri mocenenepaiH Oipi Oosbim TaObutabl. Y CHIHBUFAH TOCUI
(GYHKIUOHANABI-TPAUEHTTI  KaOBIHAApAbl  Oip OKHAHABl JACTOHALMSIIBIK  KOHIBIPFBIIA
aBTOMATTaHJBIpeUTFaH pexuMae, Ni—Cr—Al HeriziHgeri KOMIO3UITMSUIBIK YHTAKThI KOJIaHa
OTBIPBII, TEXHOJIOTHUAJIBIK MapaMeTpiiepi OIpTiHAEN e3repTy apKblIbl alyFa MYMKIHJIK Oepel
YKOHE MPOIIECTIH KOFapbl OHIMAUIIIH KaMTaMachl3 eTe/ll.

Makcarbl: Ni-Cr—Al Herizingeri KOMIO3WIUSIBIK YHTAKThl JACTOHAIIMSUIBIK OYPKYy Ke3iHje
TEXHOJIOTHSIJIBIK TIapaMETPJIEPAIH ©3TrepyiHe OalJIaHBICThl >KaOBIHAAPIBIH KYPBUIBIMBIHBIH,
XUMHUSUTBIK KoHE (pa3asibIK KypaMbIHBIH KaJbITaCy 3aHIbUIBIKTAPBIH 3€PTTEY HKOHE KOPPO3UsFa
opi To3yra Te3iMI1 GYHKIHOHAIIBI-TPAIUCHTTI XKaOBIHIAPABI ATy SICIH d31pJey.

Koobanbin HoTmikedepi: Ni—Cr—Al Herizinmeri KemnkaOaTThI-TPaIHUEHTTI KaOBIHAAPABI aly
Tocumi o3ipaeHAl. byn Tocinm aTeicTap apachIHAAFbl KiAIpIC YaKbITBIH ©3TepTy apKbUIbI Oip
OKIaH/IbI JCTOHAIMUTBIK KOHIBIPFIIA TPATUCHTT] KYPBLIBIMIAP,IBI KATBIITACTHIPYFa MYMKIHIIK
Oepeni. O3ipiieHreH 91ic 0ip FaHa KOMIO3UIUSIIBIK YHTAKTHI )KOHE OIp J03aTOPJIbl KOHIBIPFBIHBI
KOJITaHY apKbUIbI JKOFAphl OHIMIUIIK TEH TOMEH €HOEK IIBIFBIHAAPBIH KaMTaMmachl3 ETe.
Herisri apThIKIIBUIBIFBI — METAIIBIK (Da3aHbIH KepaMuKaJbIK (a3ara OipTiHAEN ©TyiMeH
CUIATTAJIATBIH IPAAMCHTTI METAJUIOKEPAMUKAJIBIK KYPBUIBIMHBIH KaJIbIITACYbI.

Koanany cananapel: DHepreruka, MalluHa jKacay >KOHE BICTBIKKA Te3IMII MaTepuaiiap
KOJIIaHBUIAaThIH 0acKa J1a @HepKACill caaiapsbl.

12X1M® GonaThl TOTHIFyFa ACHIH kKoHE TOTHIFYJaH KeiliH



CO3JAHUE ®YHKIMOHAJILHO-TPAJIMEHTHBIX [TOKPBITUIL HA OCHOBE Ni-Cr-Al
JUIA BAIIUTEI BBICOKOTEMIIEPATYPHBIX OJIEMEHTOB
TETUIOOHEPTETMYECKOI'O ObOPYIOBAHIMA OTKOPPO31

IIpn noanep:xkke rpantroBoro ¢puuancupoBanuss MOH PK, rpant AP08957765. O6bem
¢punancupoBanus na 2020-2021 rr. - 5 MJIH. TeHre.

IIpuopureTHoe HanpaBJeHUe: DHEPreTUKa U MATMHOCTPOEHUE

AKTyaJIbHOCTh HccJegoBaHmMii: lnes mpoexkra ocHoBaHa Ha pa3pabOTKE HOBOrO crocoda
JETOHAIIMOHHOTO HambUICHHUS (YHKIIMOHAIBHO-TPAJUEHTHBIX MOKPBITHII Ha ocHOBe Ni-Cr-Al ¢
BBICOKOM N3HOCOCTOMKOCTBIO M CTOMKOCTBIO K BBICOKOTEMIIEPATYPHON KOPPO3UH /ISl IPUMEHEHUS
B BBICOKOTEMIIEPATYPHBIX JJIEMEHTaX TEIUIOdHEepreThdeckoro obopynoBanus. Ilpemnaraemsiii
MIPOEKT SIBJIIETCS aKTyaJIbHBIM, TaK KaK KOPPO3Usi OOKOBBIX CTEHOK (TIOBEPXHOCTH HAarpeBa) KOTJIOB
SIBJISIETCS] O/THOM M3 OCHOBHBIX IIPOOJIEM, MPUBOAALINX K BBIHYKICHHBIM OTKIFOUEHUSM KOTJIOB JUIs
OOBIYHBIX YTOJBHBIX AJEKTPOCTAHIINH, paboTalmux Ha UcKomaeMoM TorutuBe. [Ipemmaraemplit
Croco0 MO CPaBHEHMIO C CYIIECTBYIOIIMMH OTIMYAETCS TEM, YTO MOJTYy4YeHHE (YHKUIHNOHAIBHO-
IPaJUEHTHBIX MOKPBITHH OCYIIECTBISETCSI HAa OJHOCTBOJILHOM JE€TOHAI[MOHHOM yCTaHOBKE MpHU
ABTOMATU3UPOBAHHOM PEXHMME C IPUMEHEHHEM KOMITO3UIIMOHHOTO moporika Ha ocHoBe Ni-Cr-Al
MyTeM MOCTENEHHOT0 M3MEHEHMsI TE€XHOJIOTMUECKHUX IMapaMeTpoB BO BpEMS JIETOHAIIMOHHOIO
HaMbIJICHHS], YTO 00eCIIeYrBaeT BEICOKYIO IPOU3BOAUTEIHLHOCTD ITPOIIECCa.

Henan: N3ydenne 3akOHOMEPHOCTH (JOPMHUPOBAHUS CTPYKTYPBI, XUMHUECKOTO U ()a30BOTO COCTaBa
HOKpI)ITI/II\/II P UBSMEHCHHU U TCXHOJIOTUICCKUX ITapaMETPOB BO BPEMA ACTOHALIMOHHOI'O HAIIBIJIICHUS
KoMmo3uuonHoro mopornka Ha ocHoBe Ni-Cr-Al u paspaboTka crocoba IeTOHAIIMOHHOTO
HambUICHHS (PYHKIIMOHAIBHO-TPAAMEHTHBIX TOKpbITHH Ha ocHoBe Ni-Cr-Al ¢ BbIcOKOif
CTOHKOCTBIO K KOPPO3UH U H3HOCY.

Pe3yabTaTt npoekra: Pa3paboTtan crnoco0 MmoixydeHuss MHOTOCIOWHBIX-TPAUCHTHBIX MOKPBITUHA
Ha ocHOBe Ni-Cr-Al, KOTOpbIii MO3BOJISET MOJYYNUTh T'PATUCHTHBIC CTPYKTYpPHI MOKPBHITHH Ha
OJIHOCTBOJIPHOM JIE€TOHALIMOHHON YCTaHOBKE 3a CYET WM3MEHEHMsI BPEMEHHU 3aJCPKKU MEXIY
BbICTpenamu. Takke pa3paboTaHHBI cnoco® oOecreurBaeT BBICOKYIO MPOU3BOAUTEIBHOCTH U
HU3KHE TPYyI03aTpaThl 3a CUET KCIOJIb30BAHUS OJHOTO BHAAa KOMIIO3UIIMOHHOIO IOPOILIKAa H
OJIHOCTBOJIBHOM JIE€TOHAIIMOHHOM YCTaHOBKM C OJHUM JI03aTOPOM B aBTOMAaTH3MPOBAHHOM
pexume. K mnpeumymectBam  pa3pabOTaHHOTO  crmoco0a MOJIyYEHHUS TPaTUCHTHBIX
METaJNIOKEPAMHUECKUX TOKPBITUNA MO CPABHEHUIO C paHee M3BECTHBIMU CIOCOOAMHU SIBISETCS
dbopMHpoOBaHHE TPATUECHTHON CTPYKTYPHI, B KOTOPOl MeTaynuecKkas ¢asza MiIaBHO MEPEeXOoauT K
KepaMuieckoii dasze.

OTtpaciu npumMeHeHUsi Pa3padoOTOK: DHEpPreTHKa, MAIIMHOCTPOCHHE U JpyTrHe OTpaciu

MIPOMBIIIJIICHHOCTH, I'’/IC IPUMCHSAIOTCA ) KAPOIIPOYHBIC MAaTCPpUAJIbI.

Cranp 12X1M® fo u ociie OKHUCIEHUS



DEVELOPMENT OF NI-CR-AL-BASED FUNCTIONALLY GRADED COATINGS FOR
CORROSION PROTECTION OF HIGH-TEMPERATURE ELEMENTS OF THERMAL
POWER EQUIPMENT

The project was carried out with the support of grant funding from the Ministry of Education and
Science of the Republic of Kazakhstan, Grant AP08957765.
Total funding for 2020-2021 amounted to 5 million KZT.

Priority area: energy and mechanical engineering.

Relevance of the research: The project is based on the development of a new detonation
spraying method for producing Ni—Cr—Al-based functionally graded coatings with high wear
resistance and resistance to high-temperature corrosion for application in high-temperature
components of thermal power equipment. Corrosion of boiler sidewalls (heating surfaces) is one
of the main problems causing forced shutdowns of coal-fired thermal power plants operating on
fossil fuels. The proposed method enables the production of functionally graded coatings using a
single-barrel detonation spraying system operating in an automated mode with a Ni—-Cr—Al-based
composite powder by gradually varying technological parameters during the spraying process,
ensuring high productivity.

Objective: To study the mechanisms of structure formation as well as the chemical and phase
composition of coatings during detonation spraying of a Ni-Cr—Al-based composite powder
under varying technological parameters, and to develop a method for producing functionally
graded coatings with high corrosion and wear resistance.

Project results: A method for producing multilayer functionally graded Ni—Cr—Al-based
coatings has been developed. The method allows the formation of graded structures using a
single-barrel detonation spraying system by varying the delay time between shots. The
developed approach ensures high productivity and reduced labor costs through the use of a single
composite powder and a single powder feeder operating in an automated mode. The main
advantage of the developed method is the formation of a graded metal-ceramic structure in
which the metallic phase gradually transitions into the ceramic phase.

Fields of application: Energy sector, mechanical engineering, and other industrial fields where
heat-resistant materials are used.

12KhMF steel before and after oxidation
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