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2. Development of a heat-resistant alloy with improved physical-mechanical and operational properties for electric
heaters

Pedepar:

1. Incepraliito prUCBsIYEHO BUPIIIEHHIO aKTyaJbHOI HAYyKOBO-TEXHI4YHOI 337ja4i 3 PO3POOKY >KapOTPUBKOrO CIIJIABY 3
BHCOKUM €JIEKTPUYHUM ornopom tuny 22Cr-5A1-Ti-Zr, iKnil BAKOPUCTOBYETLCS SIK MaTepia [jisl BATOTOBJIEHHS
HarpiBauiB eJIeKTPUYHUX Nledeil 3 TemnepaTtyporo poootu 900...1150°C. Po3po6s1eHO HOBY CUCTEMY
0araTOKOMIIOHEHTHOTO JIeryBaHHs Ta MikpoJsieryBaHHs Ti-Zr-Be 3anizo-xpom-asniomiHieBoro criaBy. OnTrMi30BaHO
XiMIYHUMI CKJIaZl, OTPUMaHi PiBHSIHHS perpecii 3a71eXXHOCTi BJIaCTUBOCTEH (IIJIACTUYHOCTI Ta KapOTPUBKOCTI) Bif

ximiuHoro ckinany Fe-Cr-Al cinaBy 3 TUTaHOM i ITUPKOHiEM. BUBYEHO BILJIMB TeMIlepaTypu peKpUcTasnizaliii Ha



TEXHOJIOTIYHY IyIacTUYHicTh criaBy 03X22F05TLy. BcTaHOBIEHO pallioHAJIbHUN PEXXUM TepMidyHOI 06pobKu cTari
03X22F05T11y, sixa nosisirae B HarpiBaHHi 10 750...820°C i HACTYITHOMY OXOJIOIKEHHI y BOZY [1J1s 3al1006iraHHs
Pi3KOT0 3HIDKEHHS MJIaCTUYHOCTI. [Toka3aHo MO3UTUBHUI BIJIMB 06POOKU naporia3moBum pospsanom (ITT1P)
[IOBEPXHIi IPOTY i3 CIJIaBiB 3 BUCOKUM €JIEKTPOOIIOPOM Ha MIOPCTKICTh, KIJIBKICTb 1 pO3MipH e EKTiB I0BEPXHEBOTO
mapy. 3arponoHOBaHO PallioHaJIbHUI PEXXUM 06POOKU MOBEPXHI ApoTy ab6o ctpiuku [1T1P 0y ouninenHs ix Bif,
IeeKTiB IOBEPXHi, TEXHOJIOTIYHUX MACTUJI Ta OKaJIMHU. [JOLiNIbHICTh IPOBEIeHUX HAYKOBO-TEXHIUHUX JIOCTIiIKEeHb
IiATBEPAKE€HA BUKOPUCTAHHIM PO3POOJIEHOTO KapoTpuBKoro ciasy 03X22105T1y B sikocTi maTepiany nJist
BUTOTOBJIEHHS HAarpiBaJIbHUX €JIEMEHTIB €JIeKTpUYHMX nedert Ha TOB «3anopisbknii TUTaHO-MarHieBUM KOMOiHAT».
KiouoBi cs10Ba: HarpiBasbHi €1€EMEHTHU, )KapOTPUBKI CIJIaBU, CIJIABU 3 BUCOKUM €JIEKTPUYHUM OIIOPOM, 3aJ1i30~
xpom-amoMiniesi (Fe-Cr-Al) criziaBy, onTUMisalisi, piBHSIHHS perpecii, okcuHa IJ1iBKa, TEXHOJIOTiYHa

IIJIACTUYHICTb, J)KaPOTPUBKICTb, JKUBYYiCTb.

2. The dissertation is devoted to the solution of the actual scientific and practical task of developing a heat-
resistant alloy with high electrical resistance of type 22Cr-5Al-Ti-Zr, which is used as a material for the
manufacture of heaters of electric furnaces with a operating temperature of 900...1150°C. A new system of
multicomponent alloying and microalloying with titanium, zirconium and beryllium of an iron-chromium-
aluminum alloy has been developed. The chemical composition has been optimized, regression equations are
obtained, three-dimensional graphical dependencies of the properties (technological ductility and heat resistance)
on the chemical composition of the Fe-Cr-Al alloy with titanium and zirconium are constructed. The effect of the
recrystallization temperature on the technological ductility of the 03Cr22Al5TiZr alloy was investigated. A rational
mode of heat treatment of steel has been developed. It consists in heating to 750...820°C followed by cooling into
water to prevent a sharp decrease in ductility. It was found that the steam-plasma charge treatment has a positive
effect on the surface of the wire made from alloys with high electrical resistance. A rational mode of treatment of
the surface of the wire or strip with the use of steam-plasma charge for removal of surface defects, technological
lubrication and oxide scale is suggested. The expediency of the conducted scientific and technical researches is
confirmed by the use of the developed heat-resistant alloy 03Cr22AIl5TiZr as a material for the manufacture of
heating elements of electric resistance furnaces at Limited Liability Company «Zaporozhye Titanium & Magnesium
Combine». Keywords: heating elements, heat-resistant alloys, superior resistance heating alloys, iron-chromium-
aluminium (Fe-Cr-Al) alloys, optimization, regression equations, oxide film, technological ductility, heat resistance,
durability.
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